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I. INTRODUCTION

Allergic rhinitis is a non-infectious disorder, characterized by nasal symptoms,

i.e. obstruction due to swelling of the nasal mucosa, hypersecretion, sneezing and

itching.!:2 These symptoms may be caused by two different basic mechanisms: an
allergy component and a non-specific hyperreactivity component. They may both
participate to various degrees in the same patient.!-5

A. THE ALLERGIC COMPONENT
The allergy componentis due to the immunologic mechanism(s), initiated by an

antigen-antibody (or antigen-T-cell) interaction, influencing the immuno-competent
or target cell(s) (which can be changed, damagedor stimulatedfor selective secretion), a
process whichleads to the release of the mediators acting then either directly on the
various effector organs (e.g. smooth muscles, mucosal glands, gobletcells, epithelial

cells, endothelial cells, capillary network, neurosynapses, receptors etc.) or indirectly
throughtheeffects on the othercell types. The combined responseofthe effector organs

results ina variety ofthe clinical symptomsrepresenting the particular allergic disorder. 1:2
The allergy mechanism maybe of a seasonal or non-seasonal (perennial) character,

depending on the kind ofallergens involved. Ofthe fourbasic types of hypersensitivity
(= allergy) reaction, as proposed by Coombsand Gell®, three (Type I-immediate, Type

UL-late and Type IV-delayed) can beinvolved in the production of symptomsin the
rhinitis patient.2,3,7 11,1 la-11i,12,13,13a-13¢,14,14a-14g,15-25 The particular types of the

nasal response, the immediate (INR), late (LNR) and delayed (DYNR) nasal response

can be demonstrated by the nasal provocation tests with allergen (Figures 1,2 pages 371,
372), 2-5,7-11,1la-11i,12,13,13a-13¢,14,14a-14g,15-25,25a,25b,26,27,27a-27b,28-34,35b,35¢,35¢,35f,
37-40,40a-40g,41,41a-41i

The immediate hypersensitivity (Type I) reaction, causing the so-called immediate
nasal response” (INR) inthe rhinitis patients, has, however, been mostfrequently
studied and described, !~4s8-!1511a-11j,14,14a-14g,17,18,20-24,25b,28-31,34,35b,35c,35e,36-40,40a,
40b,40e,41,41a-41¢,41f

B. THE NON-SPECIFIC HYPERREACTIVITY COMPONENT
The non-specific hyperreactivity component maylead to a spectrum ofnasal symp-

toms which can bepartly similar to that caused by an immunologic mechanism, howe-

ver, without anyinitial antigen-antibodyinteraction. The non-specific agents, mainly
small molecular chemical compounds, physical factors such as temperature differences,
vapours, smoke, perfumesetc, or mechanical factors such as non-organic dust, either

(1) influence the immuno-competentortarget cell directly, causing a non-specific

release of mediators,or indirectly, e.g. throughthe stimulation of the nasal mucosal

sensory nerves and/or a variety of mucosalreceptors, resulting in the activation and

release of various neuropeptides which thenaffect the immuno-competentcells; or (2)
act via the stimulation of mediator precursors,firstly leading to the stimulation ofthe
mediator production, which thenacts directly on the effector organs and secondly

leading to the feedback-inhibition of these mediators or immuno-competentcells; or

15
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(3) act on the effector organs and their receptors directly, thus causing the clinical
effects (Figure 2). Nasal challenge with histamine (or serotonin,acetylcholine, metha-
choline, cold air etc.) may simulate and confirm the involvement ofthe non-specific

hyperreactivity and its degree in the nasal complaints ofrhinitis patients.3-5,55.35a-35f
The positive nasal response (NR) of any ofthe basic types to the allergen challenge is

an indicator for the involvementofthe allergy component (ALL) in the the nasal symp-

toms, whereas the decreased nasal threshold of histamine {methacholine Br or Cl, cold

air, etc) is an indicator for the involvementof the non-specific hyperreactivity compo-
nent (N-SH)in the nasal complaints.4,5,35a-35¢

Both the components (ALL and N-SH) maybe considered as two independent

processes, due to principally different mechanisms.35-35¢ Both the components can
participate to various and variable degrees in the nasal complaints ofthe rhinitis

patients.354-35¢ They both can exist one beside the otherin the same patient, but neither
can be regarded as a necessary condition for the other.35¢-35<¢ In approximately 39% of
patients with chronic rhinitis both the components have been confirmed; whereasin

47% of the rhinitis patients only the allergy component and in 14% only the non-

specific hyperreactivity componenthas been found (Figure 3),.35a-35¢

C. NASAL PROVOCATIONTEST (NPT)
Thenasal provocationtests with allergen (NPT), also called nasal challenges, are

widely accepted as an important research technique and modelfor the investigation of
the pathophysiological and pharmacological aspects of the nasal mucosa. They are also
considered as one ofthe most important ”in vivo” diagnostic tests for the detection of
the allergic component, for the confirmationoftherole ofa particular allergen in the
nasal complaints of patients with rhinitis and for the confirmation ofthe causal role of

the nasal mucosa(allergy) and/or nasal response in the disorders and/or responses of
the related organs,2-3,7-11,11a-11h,12,13,13a-13¢,14, 14a-14g,15-25,25a,25b,26,27,27a-27b,28-34,
37-40,40a-40n,41,41a-41j,46-48,48a-481,49

Nasal challenges with histamine (or serotonin, methacholine, cold air etc.) may then

confirm therole ofthe non-specific hyperreactivity in these patients.3-5.35,35a-35f

The NPTshould be regarded as a model technique and as a simulated reproduction
of the patient’s complaints and symptoms caused by an exposure to a certainallergen or
non-specific agent.3-5 Preference shouldbegiven to the nasal challenge as a model
exposureto an allergen or non-specific agent, rather than the natural exposure, where
the dose and concentration ofthe particular agent cannotbesatisfactorily monitored

and isolated from the simultaneously actingfactors, and the nasal parameters cannot

always be quantitatively recorded.3-5 The nasal provocationtest is the only technique

for the demonstrationofthe particulartype ofnasal response caused by a certainaller-
gen, 2-5 Moreover,the nasal provocationtest is the only technique for the confirmation

of the participation ofthe allergy component and non-specific hyperreactivity compo-

nent in a certain patient andthis is the only technique able to discriminate both the

components,2-5s!th4th-41j
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Patients with nasal allergy whoare challenged with an allergen during the NPT, may
develop different types of nasal response: immediate response (INR) or the so-called
”non-immediate types”, a late (LNR) and a delayed response (DYNR) (Figures 4,5,6).
2, 7-1 J,11a-11i,12,13,13a-13¢,14,14a-14g,15-25,25a,28-34,37-40,40a-40n,41a-4 1)

Fig. 3. PARTICIPATION OF NON-SPECIFIC HYPERREACTIVITY
COMPONENT AND ALLERGY COMPONENT(IMMEDIATE
HYPERSENSITIVITY, TYPE I) IN THE NASAL COMPLAINTS
OF THE RHINITIS PATIENTS

  

NON-SPECIFICALLERGY HYPERREACTIVITY

wet
- 100%

50 % ~ ee
|

wont
L 0%

References: 3-5,35a-35£,41b,41i

17



Fig.4. IMMEDIATE NASAL RESPONSE TO ALLERGEN CHALLENGE(INR) “ig. 5.
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References: 2,8,9-11,1la-11g,11i-11j,14,14e,14f,18,20,23,25b,35¢,35£,40e,41 641i

18

LATE NASAL RESPONSE TO ALLERGEN CHALLENGE(LNR)

24 +

ea Ss

20 4

18 -

16 +

144

12    ea“ }
ss bo Soa Sn
Tanne, BE.at worenXsteesanse-sacayereetee Eseeeeeeepee ee   
 2 Goanlieli nie lieder onl) ed mame ] ie

-28 -18-14 -4 0 102030 45 60 90 3
t rpest aut I

time in hourstime in minutesS Taeae

The mean NPG values recorded before and after allergen challenge and PBS (Phosphate buffered saline) control challenge,

were always calculated from 6 patients developing 6 positive late nasal response (LNRs).
| = Initial values; PBS = Control challenge; ALL = Allergen challenge; B = Biopsy of nasal mucosa.

ene a = LNR(n=6)
Y-+sueseeee x = PBS control challenge (n=6)

References: 2,7,11¢,11f-11h,12,14,14e,14£,16,19,25,25a,29,32,33,35¢,40c-40f,41b,41¢,41f411
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Fig. 6. DELAYED NASAL RESPONSE TO ALLERGEN CHALLENGE (DNR)
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The mean NPG values recorded beiore and after allergen challenge and PBS (Phosphate buffered saline) contrale challenge,
were always calculatedfrom 6 patients developing 6 positive delayed nasal response (DYNAs).

| = Initial values; PBS = Control challenge; ALL = Allergen challenge; B = Biopsy of nasal mucosa.

gece4 = DYNR(n=6)
Reeseeg! x = PBS control challenge (n=5)

References: 2,7,11f,13,13a-13¢,35c,41f,41i
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II. LATE NASAL RESPONSE[LNR]

The immediate hypersensitivity (TypeI allergy) reaction causing the so-called ”im-
mediate nasal response” (INR) has been mostfrequently studied anddescribed in the
literature (Figure 4) ,2,3,30,34,36,40b,40h-40n

Theexistence of the so-called "non-immediate nasal responses”wasfirst suggested by
Taylor and colleagues.2829 They have described this phenomenonas an "Arthus-type
reaction” in the nasal airways andskin in 37% of the pallen-sensitive patients.

Thefirst controlled investigation of the "non-immediate types”of nasal response has
been carried out by us (authorofthis thesis and his colleagues).” We havestudied 600
patients with allergic rhinitis and have found, besides an immediate nasal response
(INR),also two types of the ”non-immediate response”,a late nasal response (LNR)
and a delayed nasal response (DYNR) (Figures 7,8). We described the occurrence,

clinical features, characteristics and forms of both these types of >non-immediate nasal

response”.2,7
Since then the LNRhas beenstudied extensively by us from various points of

view,2! 1c,11f,11g,11h,12,14, 14a-14g,15-17,19,24,25,25a,26, 34 )37-40,40a-40¢,41,41a-41i jp relation-

ship to other organs,!44-14g.17,21,22,26,27,27a,27b,41b,418.411 with respect to various anti-
gens, 7:15,16,19,24,26,37-40.41b andits pharmacologic modulation hasalso been investiga-
ted, 12.13,14,26,38,40,40a-40f,41b,41g,41i

After someinitial reluctance LNRis becoming recognized as an important clinical

phenomenoninpatients with allergic rhinitis.31,32-34,42-48,48a-48¢,49-51,51a-514,52-57,57a
This response mayregularly play an importantrole in the patients with chronicallergic

thinitis, is often overlooked in practice and may be responsible for the failure of the
usual treatmentin these subjects.2»7:12:26,41b,41g,51a, 514,57

A. OCCURRENCE
Datain theliterature concerning the occurrence of LNRvary greatly. Some authors

have reported a rather low occurrence, e.g. 17%,3157a while others are convinced that

the LNR occurs more frequently,e.g. 37%,2%29 30 to 50%,51.514-51¢ In our previous

studies we have found LNRin 5%,respectively in 11%ofthe patients with allergic
rhinitis.7-!2 Recently, since the long-term NPT have becomea part of the routine
diagnostic procedure at our department, the LNRis recorded in approximately 41% of
the rhinitis patients, in one third (14%)inits isolated form (ILNR) and in twothirds

(27%) in a combination with the INR (Tables 1la,1b).41>:41i

B. CLINICAL FEATURES, CHARACTERISTICS, AND FORMS
The clinical course ofthe LNR, recorded by rhinomanometry (see page 250),is as

follows: onset within 4 to 8 hrs, maximum within 6 to 12 hrs andresolving within 24
hrs afierthe allergen challenge (Table 2),2,7+11¢-11h,12,14,14a- 14d,15,16,19,24,25,25a,40b-40f,

41,41a-41g,51a-51¢,52-55,57a

The LNR occursin two sub-forms,either as an “isolated late response” (ILNR) or as a
so-called dual late response” (DLNR) (Figure 7) in which the immediate response

appearsfirstly (within 2 hrs), followed, after a symptom-free period of 3 to 7 hrs, by the
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Fig. 7. THE LATE NASAL RESPONSE TO ALLERGEN CHALLENGE[LNR]
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References; 7
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The mean NPG values recorded after ihe allergen challenge, with respect to the mean NPG values after the
coca's solution challenge (= control), in patients who demonstrated the “delayed nasal response”to allergen
challenge [DYNA]. HD = house dust, GP = grass pollen, HF = hairs and feathers (= animal danders),
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References: 7
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late response.2,7+1 th.12,14,14a-14d,15,16,19,24,40b-406,41b,41g, 41h,41i

However, with respect to our data generated froma seriesofclinical trials concerning
the pharmacologic modulation of the so-called *dual late asthmatic response”
(DLAR),88b.68¢,68g, 121g,121h, 121k, 178e-178g the existence of the genuine DLARS8s:121k,

'78e-178g as a compactclinical event consisting of two phases should be seriously doub-
ted. Our results suggest that the DLAR and analogically also the "dual late nasal res-
ponse”!21b,121j may,inreality, be the simultaneous appearance oftwo independent
responses (an immediate/early anda late response) due to different mechanisms, both
of them, however, caused by the sameallergen.

The LNRis usually accompanied bya variety of acute nasal complaints, appearing

simultaneously with the course of the clinical response. The severe nasal obstruction
due to the distinct swelling of the nasal mucosais the most prominent symptom, while
the other nasal symptoms, such as hypersecretion, sneezing and itching, are present to a

lesser degree (Table 3).7:12-416 Nosignificant difference has been foundeitherin the
nasal complaints or in the appearance ofthe nasal mucosa with respect to both the sub-
forms ofLNR.41b

Table la Occurrenceofthe particular types of nasal response to allergen
challange in 785 patients with allergic rhinitis.

Occurrence in % (n=785)
 

 

Immediate nasal response (INR) , 73
Late nasal response (LNR) 41
Delayed nasal response (DYNR)} 14
 

Reference: 41i

Table Ib Occurrence ofthe particular types of nasal response (NR)
in 785 patients with allergic rhinitis

Occurrence in % (n=785)
 

 

Isolated immediate NR 50
Duallate (= immediate + late) NR 19
Isolated late NR 32
Dual delayed (= immediate+ delayed) NR 4
Isolated delayed NR 10
 

Reference: 411

Table 2 Time course ofthe particular clinical types ofnasal response
(NR) toallergen challenge.
 

 

Nasal response Onset Maximum Resolving

Immediate (INR) <10 20-45 < 90-120 minutes

Late (LNR) 4-6 6-10 < 24 hours
Delayed (DYNR) 24-30 30-40 < 60 hours
 

References: 2,7,11,11la-11h,12,13,13a-13c,18,25,26,40c,40d,40£4 la-41d,41641i,
57a,71,72, 72a,72¢,72d,96,97,97a,12 1)
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Table 3 A survey ofnasal complaints accompanyingthe particular

 

 

 

types of nasal response

Nasal Nasal response

complaints Immediate (INR) Late (LNR) Delayed (DYNR)

Obstruction ++ t+ +++
Hypersecretion +++ + +

Sneezing rows ue _

Itching ape + in
 
—= Absent; + = Very slight; + = Slight; ++ = Moderate; +++ = Severe
References: 2,7,11,11a-1 1h,12,13,13a-13c,18,25,26,40c,40d,40f,4 1a-41d,41f,41i,

57a,71,72, 72a,72¢,72d,96,97,97a,121j

C. DETECTION OF ”LNR”

1. NASAL PROVOCATION TESTS (NPT)

The definite confirmation ofthe existence of particular typesofthe nasal response

(immediate, late, delayed) due to the exposure with a certain allergen, and their partici-
pation in the nasal complaints ofthe individual patient, can only be provided bythe
nasal provocation test (= nasal challenge) with allergen (NPT).2»7-11,12.13, 13a-13¢,14,14a-
14d,15-25,25b,26,27,27a, 27b,29-34,40e-40n,41b,41d,41i

The most important aspect ofthe provocation test is the comparison of the objective

parameters and simultaneously also subjective complaints before and, repeatedly, after

the challenge with a particularallergen (or non-specific agent).>-8

The NPT can be supplemented by a recording ofvarious "in vivo”as well as "mn vitro”
diagnostic parameters and functions, such as clinical symptoms(pulse rate, blood
pressure, body temperature), other organs’ functions (tympanometry, conjunctival
appearance,sinuses X-ray or echography,lung functionsetc.) !4a-14d,17,21,22,23,27,27a,

27b,39,41b,41€ or other parameters (nasal biopsy, biochemical, cytologic, and immunolo-

gic investigationofthe nasal secretions and nasal mucosa,estimation of mediators,

immunoglobulins and other compoundsin the nasal secretions and/or serum, physical

and chemical properties of the nasal secretions, such as consistency, pH, viscosity
etc,),7-1, 11a-11h,12,13,13a-13¢,14,14a-14d,15-25,25a,26,27,27a,27b,32-35,35e, 37-40,40a-40n,41,41a-
41g,44,46-48,48c-48d,49,5 la-5 1¢,52-57,58-G0,71 -72,72a-72d,73-82,82a-82),83-85,85a-85d,86-95,95a,
95b,96,97, 97a-97y,117h,121j ‘

The nasal responseto allergen challenge can be recorded and assessed byvarious
methods and techniques, There are two basic methods, (1) recording of the subjective

complaints (obstruction, hypersecretion, sneezing, itching) by means of various scores;
and (2) recordingof the objective parameters. The objective parametersare related to
the changed aerodynamicsin the nose due to the increased nasal obstruction caused by
swelling ofthe nasal mucosa and hypersecretion, both of them dueeitherto the anti-

gen-antibody (antigen-T-cell) interaction respectively or to the direct effects of non-
specific agents.3:7:8:30,41b, 48,48a,57,57b,58-60,85a

Recording ofthe objective parameters, mostly nasal airway resistance (NAR), by

means ofwhich the nasal mucosa response can beassessed, deserves preference.3-4 The
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NARcan be measured by meansof recording of the ”air-pressure” and either ”air-flow”
or air-volume” parameters, or their derivatives, such as “air-passage” or ”conductance”
(which is the reciprocal value ofthe nasal resistance).23.4.41)

2. BASIC TECHNIQUES OF NPT

These techniques can be divided into 5 groups: (1) nasal peak-flow measurement, (2)

plethysmography, (3) rhinomanometry (anterior, posterior, combined and/or modified

techniques, performed either in an active or a passive manner), (4) acoustic rhinometry
(5) non-rhinomanometry techniques, e.g. recording of nasal blood flow using Doppler
velocimetry, the 133 Xenon washout method, or nasometry (Plates 1-6) .7-!1,11a-11h,12,
13,13a-13c,14,14a-14d,15-25,25b,28-33,35e,40h-40n,41),48a,48-48),57a,58-60, 85a,91,92

3. BALLOON TECHNIQUE

Weuse the "balloon method”, one of the combined rhinomanometry techniques (=
recording ofNPG = nasopharynx-nostril-pressure gradients, expressed in cm ofHO), as
described in detail in our previous papers3-47-11,11a~11b,12,13,13a-13¢,14,14a-14d,15-25, 25b

as a standard method [Plates 1a,1b, (page 353)]. The passive anterior rhinomanometry
is used by usfor children [Plates 2a,2b,5 (pages 354, 356)], while the volume-flow as

well as the volume-pressure diagram(active posterior rhinomanometry and active

anterior rhinomanometry) are used by us for research purposesoras an arbitrary test

(Plates 3,4 [(page 355)].

4. BASIC SCHEDULE OF NPT

The basic schedule of NPT usedby usis as follows: (1) “Initial test” or ”baseline”
—the NPG values are recorded at 0, 5, and 10 min; (2) ’Control values” — after a

3 minute application of the control solution (PBS, Coca’s solutionorSaline), the values

are recorded at 0, 5, and 10 min.If no significant changes in the NPG control values,
with respect to the initial NPG values, appear, the test may be continued; (3) Post-
challenge values - after an allergen challenge (usually for 3 min), the NPG values are
recorded at 0,5,10,20,30,45,60,90, and 120 min,and then every hour upto the 11(12)th

hourand,ifnecessary (the response has not resolved or a delayed response is expected),
every hour on the secondorthird dayrespectively (Figure 9). A control challenge with
control solution is performed in the same way on another day and the NPG parameters

are recorded during the sameperiodoftime as those after the allergen challenge. The
protectiontests, performed at our department as a part of the routine diagnostic proce-
dure are, in principle, nasal challenges carried out after the pretreatment or during the
treatmentwith the particular drug, 10-11,11d-11¢,12,13,13b,14,38,40,40a-40f,41b,481,724,72b,72d
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Table 4 Diseasehistory related to the allergen causing the particular type of
the nasal response (in %).

Highly probable Probable Unknown
 

 

 

 

 

 

n= 785 Role ofthe allergen - with respect to the nasal complaints generally

INR 42 28 30
LNR 37 25 38
DYNR 18 23 59

Role of the allergen - with respect to the onset ofthe nasal complaints

INR(< 2 hrs) 37 33 30

LNR (4-12 hrs) 23 8 69
DYNR (>24 hrs) 4 il 85

INR = Immediate nasal response; LNR = Late nasal response; DYNR = Delayed nasal
response.
Reference: 41 i

D, ASSOCIATION OF ”LNR” WITH OTHER DIAGNOSTIC
PARAMETERS

The LNR is associated with other ”in vivo” and "in vitro” diagnostic parameters, to

different degrees, as summarized in Tables 4-19:

1. POSITIVE DISEASE HISTORY

Positive disease history to the allergen causing the LNR has been found in 37% of the
LNRcases, in 23% of them thehistory being indicative for the late onset of nasal com-
plaints. This correlation has been foundto be unsatisfactory.27,12,14,41b.411,72b No
significant differences have been found with respect to the individual allergens (Table 4).

2. RHINOSCOPY

During the LNR,the nasal mucosa (+ 90%) has been found to be violaceous andofa

rather dry aspect dueto the diminished secretions in a majority of patients. Sometimes

solitary small mucosal haemorrhages may be observed on the middle and/orinferior
turbinate. No significant differences in the appearanceofthe nasal mucosa have been
found with respect to both the sub-forms of LNR [Plates 7a,7b (page 357]. 2,7,12,14.41b,
41i,72b

3. SKIN TEST

The immediate skin response (weal) to the sameallergenas that causing the LNR has
been found in approximately 11%ofthe LNR cases.:!2,14.41b,41i The late skin response
(induration) has been found in approximately 51% respectively 65% ofthe LNRcases,

withoutanysignificant differences with respect to both the LNR sub-forms. Thesize of
the late skin response recorded can be dividedas follows:a slight grade (+) in 9%, a
medium grade (+ +) in 20%, a high grade (+ + +) in 31% and a very high grade (+ ++
+) in 5%. The correlation betweenthe late skin andlate nasal responses has been found

to be non-significant (Tables 5,6).27-12.14.41b,411,72b No significant differences in the
late skin responses have been found with respectto the particularallergens. In contrast,
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lliopouloset al.5!¢ have foundthe positive late skin response only in 47% of patients

developing the LNR [Plates 8-11 (pages 358-361)].

Table 5 Surveyofthe particular types of the skin responses recorded after the

intracutaneousskin tests (i.c.) with the same allergen as that causing the

particular type ofthe nasal response (in %).
 

Skin response
 

 

immediate late delayed negative
Nasal response (<20 min) (4 - 24 hrs) (> 36 hrs)

Immediate [INR] (n=246) 63 8 0 29

Late (LNR] (n =225) ll 51 1 37

Delayed [DYNR] (n=93) 15 2 42 4]

Negative [NNR] (n=182) 18 12 2 68
 

INR = Immediate nasal response; LNR = Late nasal response; DYNR = Delayed nasal
response; NNR = Negative nasal response (= no nasal response).
Reference: 41 i

4. TOTAL IgE IN THE SERUM

The concentration oftotal IgE antibodies in the serum (PRIST) has been found by us

to be significantly increased (>500 1U/ml) in only 6% ofLNR cases, most of them being
a part of the duallate nasal response (Table 6), 14,254,41b,411,72b

5. SPECIFIC IgE IN THE SERUM

Thespecific IgE antibodies in the serum (RAST) to the same allergen as that causing

the clinical LNR has beensignificantly positive (score grade 3 or 4) in approximately 9%
of the LNR cases, most of them being a part of the duallate nasal response, 1425a,416,411,
72b Nosignificant differences in the RAST have been found by us with respect to the
particular allergens. Theseresults are in agreement with other investigators’ observation

of the non-significant correlation between the specific IgE antibodies in the serum and

the positive LNR (‘Table 6).54¢

6. TOTAL IgG, IgG SUB-CLASSES, TOTAL IgA, TOTAL IgM IN THE SERUM

‘The particular immunoglobulin classes and sub-classes were semi-quantitatively
determined bysingle radial immunodiffusion (Mancini technique).?2b The serum

concentration oftotal IgG immunoglobulins has been found byusto be increased in

approximately 51% of the LNR cases, of total lg¢M immunoglobulinsin 8% and that of
total IgA immunoglobulinsin approximately 1%. The serum concentration ofthe

individual IgG sub-classes during the LNR has been recorded as follows: elevation of
IgG, in 2%, IgG, in 19%, IgG, in 16%, while decrease in IgG., in 11%,7)!2,!6.41b,41f,
411,72b These findings may be suggestive ofthe possible involvementof lgG antibodies,

at least in some of the LNR cases. However, because the IgG antibodies and IgG sub-

classes were not antigen-specific, such a presumption will be of a limited validity until
more convincing evidence can be provided (Table 6).
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Table6 Theassociation of the particular types of nasal response with other

diagnostic parameters (in %)
 

Nasal mucosa response to allergen challenge
 

 

Response-related Immediate Late Delayed Negative
parameters (n=148) (n=131) (n=63) (n=205)

Positive skin response
Immediate 70 31
Late 65 9
Delayed 67 3

Increasedtotal IgE in
the serum (PRIST) 17 6 5 9

Positive specific IgE in
the serum {RAST) 27 9 2 11

Total IgG 19 51 1 3
IgGl 0 2 0 1
IgG2 0 Oa 0 4
IgG3 2 19 0 1
IgG4 0 16 1 2

Total IgM 0 8 0 0
Total IgA 1 1 0 1
Increase in blood leucocytes 4 20 11 3
Increase in blood eosinophils 5 43 0 1
Increase in body temperature
(more than 37°C = 98.6°F) 0 2 0
General malaise complaints 0) 6 12 2

Aspects of the nasal mucosa
hyperemia 34 10 0 18
violaceous aspect 59 90 100 1

Nasal mucosa hemorrhages 0 24 43 0
 

Patient-related parameters
 

Increased reactivity of the
nasal mucosa to histamine 31 23 2 89

4 IgG, in the serum decreased in 16% of the LNRcases.
References; 2,7,11,] la-11h,12,13,13a-13c,18,25,26,40c,40d,40f4 la-41d,41641,57a,71,72,
72a,72¢,72d,96,97,97a,121}

 

7, EOSINOPHIL COUNT IN THE BLOOD

The increased blood eosinophil count (more than 300 x 106/L) has been recorded
during 23% ofthe positive dual late nasal responses and during 20%oftheisolatedlate
nasal responses(Table 6), !4.41b.411,72b

8. LEUKOCYTE COUNTIN THE BLOOD

The increased blood leukocyte count (more than 10 x 109/L) has been recorded during

13%oftheisolated, and during 7% ofthe duallate nasal response (Table 6).14, 41b.411,72b

9. BODY TEMPERATURE

The increased body temperature (> 37°C => 98.6" F axillary) has been recorded during

2%of the LNRs (Table 6).!4) 15-16,24,41b,411,72b
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10. NASAL HISTAMINE THRESHOLD (NHT)

The nasal histamine threshold [NHT] - normal value is > 4.0 mg/ml (= > 12 mmol/
ml). The increased nasal mucosa responsiveness to histamine (PD.9) orits contra-
value, the so-called decreased nasal histamine threshold, has been recorded byus in only

15-20% of the patients developing the LNR. The NHTvaried mostly between 2.0 and

4.0 mg/ml(= 6.0 - 12.0 mmol/ml) [Tables 6,11,14,16; Figures 10,11 (pages 37,38,373)].
35b,35¢,35f, 41b,41i

In conrast, the decreased nasal histamine threshold has been recorded by us in 31-69%
of the patients developing only the positive INR,in 0 - 2% of those developing only the
positive DYNR,and finally in 86-100%ofthe patients with chronic rhinitis, who did

not demonstrate any positive type of nasal responseto allergen challenge (= negative
nasal responses; NNR) (Tables 6-13,15,16; Figures 12-18),35a-35<,35641b,41i

11. NASAL METHACHOLINE THRESHOLD (NMT=NMCLT, NMBRT)

The nasal methacholine chloride threshold |NMCT]- normalvalue is >8.0 mg/ml, and

the nasal methacholine bromide threshold |NMBT]- normalvalue is > 4.0 mg/ml. The
increased nasal mucosa responsiveness to methacholine chloride and/or bromide,orits
contra-value, the so-called decreased NMCT,has been recordedby us in 11% and the
decreased NMBT in 9% ofthe patients developing the LNR (Tables 14,16; Figures
10,11).354-35e35f In contrast, in patients developing only the positive INR, the decrea-

sed NMCThasbeenrecorded byus in 30% and the decreased NMBTin 15%ofthe

cases. In patients developing only the positive DYNR, the decreased NMCThas been

measured in 6%and the decreased NMBTin 0%of the cases. However,in patients with

chronic rhinitis, who did not develop any positive type of nasal responseto allergen

challenge (= negative nasal responses; NNR), the decreased NMCThas been recorded
in 75%and the decreased NMBTin 57%ofthe cases [Tables 15,16; Figures 13-18

(pages 41-49, 374, 375)].35a35635f

Table7 Survey ofallergy and non-specific hyperreactivity componentin 132
rhinitis patients.

Immediate nasal Non-specific hyperreactivity in the nose
response to (=nasal responsivenessto histamine)=counter-
allergen challenge value is the nasal histamine threshold

 

 

 

increased non-increased (normal)

Positive (n=113) 78 35

Negative (n=19) 19 0
 

Reference: 35b
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The late nasal response

Tables Distribution ofthe nasal histaminethreshold in 132 rhinitis patients.
 

Nasal response to

allergen challenge Nasal histamine threshold (mg/ml)
 

 

(Immediate nasal
response ) 0125, 025 95 1.0 2.0 40 >40

Positive
[+INR](n=113) 6 5 8 15 21 23 35

negative
[-INR](n=19) 3 7 5 2 2 0 0
 

Reference; 35b

Table 9 Allergy and non-specific hyperreactivity components in 154

patients with chronic rhinitis.
 

Nasal response to
allergen challenge
(Immediate nasal response)

Non-specific hyperreactivity in the nose
(= nasal responsiveness to histamine) =
counter-valueis the nasal histamine threshold
 

 

increased non-increased (normal)

Positive (n=127) 83 44
Negative (n=27) 27 0
 

Reference: 35£

Table 10 Distributionofthe nasal histamine thresholdin 154 rhinitis patients
 

 

 

Nasal allergy Nasal histamine threshold (mg/ml)
(= response to
allergen challenge) 0.125 0.25 0.5 1.0 2.0 4.0 >4.0

Positive (n=127) 3 7 5 20 27 21 44

Negative (n=27) “ 10 7 3 3 0 0
 

Reference: 35f

Tablell Surveyofallergy and non-specific hyperreactivity components in 166
patients with chronic rhinitis.

Non-specific hyperreactivity in the nose
= nasal responsiveness to histamine [counter-

value is the nasal histamine threshold]

 

Patients with nasal

response to allergen  

 

challenge [NR] (n=166) increased non-increased
(normal)

Positive NR (n=142) 45 97

- isolated immediate NR (n=42) 23 19
- dual late NR (n=41) 15 26
- isolated late NR (n=37) 6 31
- dual delayed NR (n=12) 1 ll
- isolated delayed NR (n=10) 0 10

Negative NR (n=24) 23 1

Reference: 35c
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Table12 Distribution ofthe nasal histamine thresholds in 166 rhinitis patients,
 

Patients with nasal
responseto allergen
challenge [NR]

(n=166) 0.125 0.25 0.5 1.0 2.0 4.0 >4.0

Positive NR (n=42)

Nasal histamine threshold (mg/ml)
 

- isolated immediate NR(n=42) 2 ] 4 5 5 6 19

- dual late NR (n=41) 0 0 3 7 2 3 26
- isolated late NR (n=37) 0 0 1 0 3 1 31
- dual delayed NR (n=12) 0 0 0 I 0 0 11
- isolated delayed NR (n=10) 0 0 0 0 0 0 10
Negative NR (n=24) 5 6 8 3 ] 0 L
 

* This patient demonstrated decreased nasalthreshold to methacholine HCl.
Reference: 35¢

Table13. Survey ofthe nasal thresholds ofhistamine and methacholines (Cl, Br) in

patients with allergic rhinitis (n=46), developing only the Immediate nasal

responseto allergen challenge [INR] with various “inhalant”allergens (in %).
 

Immediate nasal

 

 

 

 

radpenise Histamine Methacholine Cl Methacholine Br

(n=46) decreased normal decreased normal decreased normal

Histamine
- decreased 46 (21) x 20 (9) 26 (12) 9 (4) 37 (17)

- normal x 54 (25) 10 (5) 44 (20) 6 (3) 48 (22)

Methacholine Cl
- decreased 20 (9) 10 (5) 30 (14) x 4 (2) 26 (12)
- normal 26 (12) 44 (20) x 70 (32) 11 (5) 59 (27)

Methacholine Br
- decreased 9 (4) 6 (3) 4 (2) 11 (5) 15 (7) x
- normal 37 (17) 48 (22) 26 (12) 59 (27) x 85 (39)
 

The genuine numbersofcases are presented in parenthesis.
References: 35a-35c, 35f
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Thelate nasal response

Table 14 Surveyofthe nasal thresholds ofhistamine and methacholines (Cl, Br) in

patients with allergic rhinitis (n=35), developing only the Late nasal response
to allergen challenge [LNR] with various “inhalant”allergens (in %).
 

 

 

 

 

Late nasal Histamine Methacholine Cl Methacholine Br
response
(n=35) decreased normal decreased normal decreased normal

Histamine
- decreased 20 (7) x 11 (4) 9 (3) 6 (2) 14 (5)
- normal xX 80 (28) 0 (0) 80 (28) 3 (1) 77 (27)

Methacholine Cl
- decreased 11(4) 0 (0) 11 (4) x 3(1) 8 (3)
- normal 9 (3) 80 (28) x 89 (31) 6 (2) 83 (29)

Methacholine Br
- decreased 6 (2) 3 (1) 3 (1) 6 (2) 9 (3) x
- normal 14 (5) 77 (27) 8 (3) 83 (29) x 91 (32)
 

The genuine numbers ofcases are presented in parenthesis.
References: 35a-35c, 35f

Table 15. Survey ofthe nasal thresholdsofhistamine and methacholines (Cl, Br) in

patients with chronic rhinitis (n=28) who did not develop anypositive nasal
responseto allergen challenge [NNR] (in %).
 

 

 

 

 

Negative nasal Histamine Methacholine Cl Methacholine Br
response
(n=28) decreased normal decreased normal decreased normal

Histamine
- decreased 86 (24) x 64 (18) 22 (6) 50 (14) 36 (10)
- normal XK 14(4) 11 (3) 3 (1) 7 (2) 7 (2)

Methacholine Cl
- decreased 64 (18) 114) 75 (21) x 36 (10) 39 (11)

- normal 22 (6) 3 (1) x 25 (7) 21 (6) 4(1)

Methacholine Br
- decreased 50 (14) 7 (2) 36 (10) 21 (6) 57 (16) x
- normal 36 (10) 7(Q2) 39 (11) 4(1) x 43 (12)
 

The genuine numbersofcases are presented in parenthesis.
References: 35a-35c, 35f

TABLE 16 Survey of the nasal thresholds ofhistamine and methacholines (Cl, Br) in

patients with chronic rhinitis demonstrating only one type ofthe nasal

response to nasal challenge with various “inhalant”allergens, expressed in %.
 

 

 

 

Patients Histamine Methacholine chloride Methacoline bromide

developing decreased normal decreased normal decreased normal

INR (n=46) 46 54 30 70 15 85

LNR (n=35) 20 80 ll 89 9 91
: DYNR(n=17) 0 100 6 96 0 100

NNR(n =28) 86 14 75 29 57 43
 

INR = Immediate nasal response; LNR = Late nasal response; DYNR = Delayed nasalresponse;
NNR = Negative nasal response (= no nasal response to various inhalantallergens)
Reference: 35¢
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12. HISTAMINE IN THE BLOOD

Histamine has been detected in the blood plasma ofthe patients developing the
positive LNR only sporadically and without any significant changes in its concentration
(Table 17).97v Similar results have been recorded by usin the patients demonstrating
the positive INR and negative nasal responses (NNR). No histaminehas been detected
in patients developing the positive DYNR (Table 17).97v

13. HISTAMINE IN THE NASAL SECRETIONS

Histamine has been detected in the nasal secretions (NS) during the LNR only spora-

dically and without any significant changes in its concentration (Table 19; Figure 20).11f

In contrast, histamine has been detected and significant changes in its concentration
haye been recorded during the majority of the positive INR cases. No histamine has
been detected in the NS during the positive DYNR (Tables 18,19; Figures 19,21).11611j

TABLE 17 Histamine (HS)in the blood plasma andthe changes in its concentration

during the basic types of nasal response (NR)to allergen challenge.

Patients (n=90) Histamine inthe blood plasma
 

 

Nasalresponse present(detected) absent
(n=90) changes no changes (not detected)

Immediate nasal 5 27
response (n=32) ] 4

Late nasal l 29
response (n=30) 0 1

Delayed nasal 0 16
response (n=16) 0 0

Negative nasal 1 11
response (n=12) 0 1

Phosphate buffered 0 90
saline- control 0 0
challenge: (n=90)
 

Reference : 97 v
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The late nasal response
Fig. 10a. REVIEW OF HISTAMINE CONCENTRATIONS CAUSING THE SIGNIFICANTLY

Table18 Histamine (HS) in the nasal secretions (NS) and the changes

in its concentration during the Immediate nasal response

(INR) and Negative nasal response (NNR)to allergen chall-

enge and Phosphate buffered saline (PBS) control challenge.

Histaminein nasalsecretions

Detected

changes

31

29 2

NNR(n=11) 1

 

Number

of cases 

Patients
n=30

INR (n=42)

Not detected
no changes
 

11

 

10

 

PBS control (n=30) 0
0 0

INR = Immediate nasal response; NNR =eenasal response; PBS = Phosphate
buffered saline.
Reference: 11)

30

 

Table 19 Histamine (HS)in the nasal secretions (NS) and the changes

in its concentrations duringthebasic types of nasal response

 

 

 

 

 

 

 

(NR)to allergen challenge
Histamine in nasal secretions

Patients Detected Notdetected

n=52 changes no changes

Immediate nasal 15
response (n=18) 14 1 3

Late nasal 1
response (n=15) 0 1 14

Delayed nasal 0
response (n=8) 0 0 8

Negative nasal 1 lumber

response (n=11) 1 0 10 f cases

Phosphate buffered 0
saline-control
challenge (n=52) 0 0 52
 

Reference:11j

14. PRECIPITATING ANTIBODIES IN THE SERUM

Precipitating antibodies, usually of the IgG class, can be determined by double immu-

no-diffusion in gel (Ouchterlony & Nilsson technique).92a.92b The LNR due to some
kindsofantigens, such as bird faeces and serum (pigeon faeces and serum),!5,16
wool,!441b old paper, !92441b cardboard,2441» flour,7:1241b moulds,712,41b.41f has

been foundto besignificantly associated with the increased concentration ofthe circu-
lating precipitating antibodies in the blood serum, being probably of IgG and/or IgM
classes [Figures 28-31; Plates 12a,12b (page 36)].

36

POSITIVE NASAL RESPONSEIN PATIENTS WITH POSITIVE NASAL ALLERGY
[=Late nasal responseto allergen challenge= LNR] [n=35]; (normal threshold of
histamine in the nose = > 4 mg/ml). |

 

 

 

 

0.125 0,25 0.5

HISTAMINE CONCENTRATIONS

References: 35¢,35f,41b,72b

1.0 2.0 4.0 || >4.0 mg/ml

Fig. 10b. REVIEW OF METHACHOLINE CHLORIDE CONCENTRATIONS CAUSING THE
SIGNIFICANTLY POSITIVE NASAL RESPONSEIN PATIENTS WITH POSITIVE NASAL
ALLERGY[=Late nasal responseto allergen challenge= LNR] [n=35]: (normal threshold of
methacholine chloride in the nose = > 8 mg/ml).

 

 

 

 

0.125 0.25 0.5 1.0 2.0 4.0 8.0 || >8.0 mg/ml

METHACHOLINE CHLORIDE CONCENTRATIONS

References: 35¢,35f,4.1b,72b
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Number 6 -

of cases

Fig, 10c. REVIEW OF METHACHOLINE BROMIDE CONCENTRATIONS CAUSING THE
SIGNIFICANTLY POSITIVE NASAL RESPONSEIN PATIENTS WITH POSITIVE
NASAL ALLERGY
[=Late nasal responseto allergen challenge= LNR] [n=35]; (normal threshold of

methacholine bromide in the nose = > 4.0 mg/ml).

 

 

 

 

0.125 0.25 0.5 1.0 2.0 4.0 || >4.0 mg/ml

METHACHOLINE BROMIDE CONCENTRATIONS

References: 35¢,35f,41b,72b
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Fig. 12. ALLERGIC COMPONENT(ALL) AND NON-SPECIFIC HYPERREACTIVITY
COMPONENT(N-SH) IN PATIENTS WITH RHINITIS [positive immediate nasal
responseto allergen challenge (+INR) and normal (non-decreased) nasal histamine

threshold (-NHT)]

&Pin
em H9O

 

 

  
 

. '

-28 -18-14 -405 10 20 30 45 60 90 120

TPBS4 ALL
AD HIST

time In minutes

The mean NPGvalues recorded after allergen, histamine and PBS control challenges in patients demonstrating positive INR.

and normal (non-increasec) nasal responsiveness to histamine (NHT > 4.0 mg/ml or 12 mmol/ml).
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen; AD = Distilled water; HIST = Histamine phosphate;
NHT= nasal histamine threshold_

 ° * = INR (n=35)
&4———— & = Histamine 4.0 mg/ml(n«35)

xox PBS control challenge (=35)

References: 35a.35b.35¢.35f.72b
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Fig. 13a. ALLERGIC COMPONENT(ALL) AND NON-SPECIFIC HYPERREACTIVITY COMPONENT
(N-SH) IN PATIENTS WITH RHINITIS [positive immediate nasal responseto allergen
challenge (+INR) and decreased nasal histamine threshold (+NHT)]
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The mean NPG values recorded after allergen, histamine and PBS control challenges in patients demonstrating positive INR
and increased nasal responsivenessto hislamine (@ decreased histamine threshold in the nose = > 4.0 mg/ml or 12 mmol/mi).
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen; AD = Distilled water; HIST = Histamine diphosphate;

 

NHT = Nasal histamine thrashald.

° *® =positive INR [n=78)
4————4 Histamine < 4.0 mg/ml(n=78)
X omer x = PBS control challenge (n=78)

References: 35a,35b,35¢,35f,72b
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— a

}. 136. SURVEY OF THE NASAL HISTAMINE THRESHOLDS(NHT)IN RHINITIS PATIENTS WITH
POSITIVE ALLERGY AND INCREASED NON-SPECIFIC HYPERREACTIVITY (N-SH)

AP in
2m HpO
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14 -
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-25 -15 -11 0 «6: AG 20 30 45 60
I AD 4 HISTf

time in minutes
|

The mean NPG values recorded after AD control challenge and challenge with histamine in concentrations lower than normal
NHT(< 4.0 mg/ml), which have caused the significantly positive nasal response {= decreased NHT) in the rhinitis patients with
positive nasal allergy (4NR) and increased N-SH (ne83),
| Initial values; AD = Distilled water; HIST = Histamine phosphate; NHT = nasal histamine threshold.

 e = Histamine - 0.125 mg/ml (= 0.375 mmol/ml) [n= 3]
a————a« «Histamine-0.25 mg/ml (« 6.75 mmol/l) [n= 7]
a=----- a =Histamine-0.5 mg/ml (= 1.5 mmol.ml) (n= 5]
Geg =Histamine-1.0 mg/ml (= 3.0 mmol/ml) [n=20)
o———-o =Histamine-2.0 mg/ml (= 6.0 mmolml) [n=27]
Rerseoses 4 =Histamine-4.0 mg/ml (= 12.0
Xoox = AD control challenge [n=83]

mmot/ml) [n=27]

References: 35a,35b,35c,35f,72b
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Fig. 13c. DISTRIBUTION OF NASAL HISTAMINE THRESHOLDS(NHT)IN Fig. 15. RELATIONSHIP OF CHANGED AND UN-CHANGED

 

 

 

           
RHINITIS PATIENTS WITH POSITIVE NASAL ALLERGY(positive RESPONSIVENESS OF NASAL MUCOSATO HISTAMINE,
immediate nasal responseto allergen challenge = INR) AND INCREASED METHACHOLINE CHLORIDE AND BROMIDEIN PATIENTS
NON-SPECIFIC HYPERREACTIVITY (N-SH) [n=78] DEVELOPING DELAYED NASAL RESPONSE[DYNR] (n=17)

dumber 25-1 %of 20-
if cases cases

15

20 -

10 +

157
5 4

0 __
10-

No. of cases = 0 0 0 0 0 0 1 16
Histamine Ph. = + - + + + - = A
Methacholine Cl. = + + 4 = < - + -
Maethacholine Br. = + + a + = + . =

5s += decreased threshold;
- = normal (non-decreased) threshold
Total numberof patients = 17 (=100%)

0.125 0.25 0.5 4.0 mg/ml

HISTAMINE CONCENTRATIONS.

References: 35a,35b,35¢,35£,72b References: 35¢,35f
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Fig. 16a.
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NON-SPECIFIC HYPERREACTIVITY COMPONENT(N-SH) RHINITIS PATIENTS WITH
NEGATIVE NASAL ALLERGY[negative immediate nasal responseto allergen challenge

(NNR) and decreased nasal histamine threshold (+NHT)] (n=19)

   
 

 

-28-18-14-405 10 20 30 45 60 90 120
T pes} ALL
AD HIST

time inminutes

The mean NPG values recordedafter allergen, histamine and PBS control challenge in patients demonstrating negative INR
and increased nasal responsivenessto histamine (= decreased histamine threshold in the nose = < 4.0 mg/ml or 12 mmol/ml).
| = Initial values; PBS = Phosphate butisred saline; ALL= Allergen; AD = Distilled water; HIST = Histamine diphosphate;
NHT = nasalhistamine threshold.

 ¢ =negalive NNA (n=19)
mw ———-2 = Histamine < 4.0 mg/ml (n=19)
x —------ x «= PBS contro! challenge (n=19)

References: 35a,35b,35¢,35£,72b
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ig. 16b.
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POSITIVE NASAL RESPONSE TO VARIOUS CONCENTRATIONS OF HISTAMINE
(= NASAL HISTAMINE THRESHOLDS= NHT) IN RHINITIS PATIENTS WITH NEGATIVE
NASAL ALLERGY(negative immediate nasal response to allergen challenge = NNR) AND
INCREASED NON-SPECIFIC HYPERREACTIVITY (N-SH) [n=19]

'

       -25 “15-11
I AD $

minutes

The mean NPG values recorded atter AD contro! challenge and challenge with histamine in concentrations lower than normal
NHT (< 4.0 mg/ml}, which have causedthesignificantly positive nasal response (= decreased NHT) in the rhinitis patiants with
negative nasal allergy (-INR) and increased N-SH (n=19).
| = Initial values; AD Distilled water; HIST = Histamine diphosphate;INA = Immediate nasal responseto allergen challenge;
NHT = nasal histaminethreshold.

 e =Histamine - 0.125 mg/ml (= 0.975 mmol/mi) [n=3]
a————a =Histamine - 0.25 mg/ml (=0.75 mmol/mi) [n=7]
u-------= =Histamine-0.5 mgiml(=1.5 mmol/m!} [n=5]

=Histamine-1.0 mg/ml(=3.0 mmol/ml} [n=2]
=Histamine- 2.0 mg/ml (=6.0 mmol/ml) [n=2]
= AD control challenge [n=19]

 

References: 35a,35b,35c,35£,72b
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Fig. 16c. DISTRIBUTION OF NASAL HISTAMINE THRESHOLDS(NHT)

IN RHINITIS PATIENTS WITH NEGATIVE NASAL ALLERGY
(negative immediate nasal responseto allergen challenge = NNR) AND

INCREASED NON-SPECIFIC HYPERREACTIVITY (N-SH) [n=19]

    

 

 

Number 157

ae Fig. 17b. REVIEW OF METHACHOLINE CHLORIDE CONCENTRATIONS CAUSING
THE SIGNIFICANTLY POSITIVE NASAL RESPONSEIN PATIENTS WITH

NON-ALLERGIC RHINITIS (n=22). [normal threshold of methacholine chloride

10 in the nose = > 8.0 mg/ml]4
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of cases

7 |

5 - eo

0 ee 4 psieatey oe i

0.125 0.25 0.5 1.0 2.0 4.0 mg/ml

HISTAMINE CONCENTRATIONS.

References: 35a,35b,35c,35£,72b  

 

Fig.17a. REVIEW OF HISTAMINE DIPHOSPHATE CONCENTRATIONS CAUSING 0125 025 05 100 2000 4.0 8.0 Il 8.0 mom
THE SIGNIFICANTLY POSITIVE NASAL RESPONSE|N PATIENTS WITH
NON-ALLERGIC RHINITIS (n=22). [normal threshold of histamine diphosphate
in the nose = > 4.0 mg/ml]

METHACHOLINE CHLORIDE CONCENTRATIONS
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HISTAMINE DIPHOSPHATE CONCENTRATIONS

References: 35a,35b,35c,35f,72b References: 35a,35b,35¢,35f,72b
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Fig. 17c.

Number
of cases

REVIEW OF METHACHOLINE BROMIDE CONCENTRATIONS CAUSING
THE SIGNIFICANTLY POSITIVE NASAL RESPONSEIN PATIENTS WITH
NON-ALLERGIC RHINITIS (n=22). [normal threshold of methacholine bromide
in the nose = > 4.0 mg/ml]
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METHACHOLINE BROMIDE CONCENTRATIONS

References: 35a,35b,35¢,35£72b
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Fig. 17d. RELATIONSHIP OF CHANGED AND UN-CHANGED

RESPONSIVENESS OF NASAL MUCOSATO HISTAMINE,
METHACHOLINE CHLORIDE AND BROMIDEIN PATIENTS
WITH NON-ALLERGIC RHINITIS (n=22)
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Fig.19a. THE IMMEDIATE NASAL RESPONSE TO ALLERGEN CHALLENGE(INR),

NEGATIVE NASAL RESPONSE (NNR) AND CONTROL CHALLENGES WITH

PHOSPHATE BUFFERED SALINE (PBS)
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| time in minutes

The mean NPGvaluescalculated from 18 patients developing the INR, from 11 patients developing the NNR,

and from 29 PBS control challenges
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge

 e ® = INR (n=18)
O-——— O= NNR (n=11)
Xessssee-e- x = PBS control challenges (n=29)

References: 111,11)
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Fig. 196. THE MEAN VALUES OF HISTAMINE CONCENTRATIONIN NASAL
SECRETIONS (NS) DURING THE 18 POSITIVE IMMEDIATE NASAL
RESPONSES(INR), 11 NEGATIVE NASAL RESPONSES(NNR) AND 29
CONTROL CHALLENGES WITH PHOSPHATE BUFFERED SALINE(PBS)
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References: 11611)
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Fig. 19c. SURVEY OF THE CHANGESIN HISTAMINE CONCENTRATION
IN NASAL SECRETIONS (NS) DURING THE 15 OF THE 18 POSITIVE
IMMEDIATE NASAL RESPONSES(INR)
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References: L1f11j
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Fig. 19d. THE MEAN VALUES OF HISTAMINE CONCENTRATIONS IN NASAL SECRETIONS(NS)
DURING THE POSITIVE IMMEDIATE NASAL RESPONSE(INR; N=42), NEGATIVE
NASAL RESPONSE(NNR; N=11) AND CONTROL CHALLENGES WITH PHOSPHATE
BUFFERED SALINE (PBS; N=30)
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References: 11f,11)
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Fig. 20a. THE LATE NASAL RESPONSE TO ALLERGEN CHALLENGE(LNR) AND CONTROL Fig. 20b. THE MEAN VALUES OF HISTAMINE CONCENTRATIONIN NASAL SECRETIONS(NS)
CHALLENGES WITH PHOSPHATE BUFFERED SALINE (PBS) DURING THE 15 LATE NASAL RESPONSES(LNR) AND 15 CONTROL CHALLENGES

WITH PHOSPHATE BUFFERED SALINE (PBS)
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References: LIf References: 11f
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Fig. 21a. THE DELAYED NASAL RESPONSE TO ALLERGEN CHALLENGE (DYNR) AND CONTROL
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e late nasal response

E. ASSOCIATION OF ”LNR” WITH OTHER ORGANS’
RESPONSES

The LNRcanalso induce a secondary response in andofthe other,related, organs.

The LNRcan,therefore, be accompanied by headache in 47% ofcases, !4.26.40a, 41,41b by
conjunctival symptoms (conjunctival injection or chemosis) in 46% and/or palpebral
edema in 13%,!7.2! middle ear response (otalgia, decrease in hearing, changes ofthe

middle ear pressure as recorded by tympanometry) in 23%,?%26.27,27a,27b, 41b pressure

in the maxillary and frontal sinuses in 18%,12-14,14a-14g,41b,41g,41i changes on the sinus
X-ray (increase in mucosal thickness or appearance of acute edemaof the sinus muco-
sa) in 11%respectively 18% 12,14,14a-14g,41b,41g.41i and/or changes on the echogram of
the sinuses, 144.14b,14d and bronchial complaints (usually a secondary dyspnea due to

the secondary induced bronchial constriction as recorded by spirometry, sometimes

also wheezing and/or cough) in 4%ofthecases, 12,40a.41,41b or more, 44.411 and gene-

ral malaise in 6%ofcases.!2:41,41b A survey of other organs’ responsesis presented in
Tables 20-29, Figures 22-27 (pages 67-74, 376) and Plates 13-1, 13-II, 14, 15, 16a, 16b,

17 (pages 262-265).

Table 20 Survey ofthe nasal complaints and other organs’ response accompanying the

particular types of nasal responseto allergen challenge (in %)
 

Nasal responseto allergen challenge
 

 

Immediate Late Delayed Negative
(n=148) (n=131) (n=63) (n=205)

Nasal complaints
obstruction 100 100 100 0
sneezing 69 16 9 8

hypersecretion 93 18 0 10
itching 52 3 0 0

Conjunctival injection/chemosis 27 46 5 1
Palpebral edema 12 13 3 0

Middle ear response(otalgia,
decrease in hearing, changes
in middle ear pressure) 30 23 6 7

Pressure in the sinuses
(maxillary and frontal) 37 18 22 7

Acute edema ofsinus °
mucosa (X-ray) 3 11 14 1

Cephalgia 26 47 11 2

Bronchial complaints (mostly
secondary bronchoconstriction,
sometimes also wheezing and/or
cough) 5 4 6 2

General malaise complaints 3 1 0 0

References: 2,7,11,Lla-11h,12,13,13a-13c,18,25,26,40c,40d,406,41a-41d,4 164 1i,57a,7 1,72,

72a,72c,72d,96,97,97a,121j
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Thelate nasalresponse

Theassociation of LNR with other ”in vivo” and "in vitro” diagnostic parameters as
well as with other organs’ response showed somesimilarities to those observed byusin
the case ofthe late asthmatic response (LAR).61-68,68a-68g,96a-96r Howeverthe relation-
ship between the LNR andthe other “in vivo” and “invitro” parametersdiffered dis-
tinctly from those recorded during the immediate nasal response (INR),!1+}a-1g11i,1 1,
14,18,20,25b,41a-41¢,41f,41i the immediate asthmatic response (LAR), 63,69,70,96f,96i,96k,961,

%6p the delayed nasal response (DYNR)!4-13a-13c and the delayed asthmatic response
(DYAR). 70a-70e

Table21a_ Allergic conjunctivitis - relationship toallergic rhinitis. A review ofseconda-
ry conjunctival responses induced by the nasal provocationtests with aller-

gens (NPT) in 23 patients withallergic conjunctivitis resistant to the usual
topical ophthalmologic therapy.
 

 

 

Positive NPT Negative NPT

Patients ocular complaints ocular complaints
n=23 + - + -

43 positive INRs

in 17 patients 39 4 ~ -

28 negative NR
(NNR) in 6 patients— - - 18 10

(in 3 patients)(in 3 patients)

NR Nasal response; INR = Immediate nasal response; NNR = Negative nasal response; NPT =
Nasal provocation tests with allergen; Ocular complaints = conjunctival hyperemia,injection,
itching, tearing, burning, watery discharge (= hyperlacrimation), photophobia, palpebral edema.
Reference: 17

Table21b Allergic conjunctivitis - relationship to allergic rhinitis. The results of the

treatmentin the 23 patients with allergic conjunctivitis, for 8 months.
 

 

‘ ee Improvement of Improvementof
treatment- 8 months ocular complaints ocular complaints

Patients DSCG DSCG after 8 months after addition
n=23 IConly IC+IN + - ofDSCG - IN

17 patients with 5 ~ 0 5 5
positive INR — 12 12 0 -

6 patients with
negative NR 6 = 2 4 2
 

INR = Immediate nasal response; NR = Nasal response; DSCG = Disodium cromoglycate =
Cromolyn: IC = intraconjunctival application=eye drops; IN = intranasal application=nasal
spray
Reference: 17
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i¢ late nasal response

Table22a Therole ofthe nasal mucosain theallergic conjunctivitis. A survey ofthe

clinical features ofthe patients studied,
 

Conjunctival complaints Ophthalmologic examination
 

 

Patients

n=31 n Ti IR, PP) BE Gl “EY (GH? PO! PH LP

Conjunctivitis
(allergic + vernal) 24 19 24 13 23 Rie (BS GIS: 2

Kerato-
conjunctivitis 4 3. #3 Je Ae SB Sy St

Blepharo-
conjunctivitis 3 3 37 10 I 2 ] [iS ee
 

IT = itching; IR = irritation; PP = photophobia; HL = hyperlacrimation; CI = conjunctival
injection; HY = hyperemia; CH = chemosis; PO = palpebral edema; PH = papillary hypertro-

phy; LP = limbus phenomenon.
Reference: 21

Table22b Surveyofthe nasal and conjunctival responses after the nasal challenges

 

 

 

with allergens

Positive INR Negative NR (= NNR)

Patients conjunctival response conjunctival response
n=31 + = + =

19 patients with
48 positive INR 42 6 = =

12 patients with
43 negative NR = = 23 20

(= NNR) (in 7 patients) (in 5 patients)
 

INR = Immediate nasal response; NR = Nasal response; NNR = Negative nasal response;

conjunctival response = conjunctival hyperemia,injection, chemosis,itching, hyperlacrimation,
palpebral edema.
Reference: 21

Table22c Results ofthe treatment with DSCG (Disodium chromoglycate, Cromolyn)
in the form of the eye drops only (DSCG - ocular) or in the combination
with the intranasal DSCG {DSCG-nasal), for 6 months.
 

Improvement of Improvementof
Treatmentfor 6 months cular complaints ocular complaints

 

Patients DSCG - DSCG - ocular after 6 months after addition of

n=31 ocular +DSCG-nasal + + - DSCG- nasal

19 patient with 5 - 0 0 5 5
positive INR - 14 14 0 0 0

12 patients with
negative NR(NNR) 12 _ 0 3 9 8
 

NR Nasal response; INR = Immediate nasal response; NNR = Negative nasal response.

Reference: 21
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Table23 Particular types ofthe conjunctival response induced bythe nasal response to

 

 

 

 

allergen challenge.

Nasal responses s as sh
= parent econdarily induced conjunctival response

n=52 Early [ECR] Late [LCR] Delayed [DYCR] Negative[NCR]

Immediate nasal
response [INR] (n=25) 24 1 0 0

Late nasal response
[LNR] (n=18) 1 16 l 0

Delayed nasal response
[DYNR] (n=9) 1 0 8 0

Negative nasal response
[NNR] (n=11) 0 0 1 10
 

Reference: 41i

Table24a Survey ofthe nasal and ear responses after the
nasal challenges with allergens.
 

 

Patients Ear response

n=31 Positive Negative

22 patients with

- 85 positive NR 73 12
- 30 negative NR 3 27

9 patients with
- 39 negative NR 25 14

(in 6 patients) (in 3 patients)
 

31 control challenges
with PBS 0 31

NR= Nasal response
Reference: 27

 

Table24b Survey ofthe otological changes and complaints during the particular types

 

 

 

 

ofthe nasal response (NR).

0 Changes in MEP*

accompanied by Otalgia

Patients Otalgia Decrease Secretions** only
n=31 in hearing

85 positive NR 73 51 43 ll 4

- 29 isolated

immediate NR 24 13 15 4 4
- 38 dual late
nasal NR 33 ea 20 3 0

- 18 isolated

late NR 16 Il 8 a 0

69 negative NR 28 9 5 0 1
 

NR= Nasal response; *MEP = Middleearpressure (the normallyslightly negative MEP increased
in negativity); ** Secretions = rapid increase in the middle ear effusions through the monolateral
ventilation tube (in 3 patients). Reference: 27
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Table25a Surveyofthe patients with secretoryotitis media (SOM),
 

 

SOMpatients Skin test RAST

n=38 at: - + =

History- suggestive 23 19 a 5 18

ofnasal
allergy- unknown 15 12 3 1 14
 

Reference: 27b

Table 25b Middle ear responseto the nasal allergen challenge (NPT) in patients with

Secretory otitis media (SOM). Survey ofthe nasal (rhinomanometry) and ear

(tympanometry) responsesafter the nasal challenge with allergens.
 

 

 

Positive NR Negative NR

Patients Ear response Ear response
n=38 + = + ~

31 patients with
76 positive NR 65 11 - -
21 negative NR = = 6 15

7 patients with
12 negative NR 0 0 8 4

(in 5 (in 2
patients) patients)

38 PBS control challenges 0 0 0 38
 

NR = Nasal response; PBS = Phosphate buffered saline.

Reference: 27b

Table 25c Middlecar responseto the nasal allergen challenge (NPT)in patients with
Secretory otitis media (SOM). Survey ofthe otological complaints duringthe

particular types ofthe nasal response (NR).
 

 

 

 

 

n Changes in MEP*

accompanied by Otalgia

Patients Otalgia Decrease Secretions™ only
n=38 in hearing

76 positive NRs 61 56 35 13 4
21 isolated immediate (INR) 19 18 6 oo 2
24 isolated late (ILNR) 17 17 13 5 1
15 dual late (DLNR) 12 10 9 1 0

11 isolated delayed (IDYNR) 9 9 4 2 0
5 dual delayed (DDYNR) 4 2 3 | ]

33 negative NR (NNR) 13 6 2 ] 1
 

NR = Nasal response; * MEP = middle ear pressure recorded by tympanometry; ** secretions =
rapid increase in the middleear effusions through the mono-orbilateral ventilation tube(s).
Reference: 27b
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Table26a_—_— Nasal and paranasal sinus responsesafter the nasal challenge with allergen
 

 

 

Eee n=78 Sinus response
n=7
Nasal challenges maxillary frontal maxillary negative
n=193 + frontal

69 patients

149 positive NR 121 3 14 11
15 negative NR 4* | 1 9

9 patients

29 negative NR 6* 0 2% 21

78 PBS controls 0 0 0 78
 

NR = Nasal response; SR = Sinus response; * = primary or “non-associated" form ofthe sinus
response; the remaining responses are secondary or"associated" formof the sinus response. The
agreement betweenpositive NR and SR as well as negative NR andSR was statistically distinctly
significant (p<0.01).
References: 14a-14e,41g

Table26b Particulartypes of the nasal and paranasal sinus responses induced by the

nasal challenge with allergen andtheir relationship (see also table 26a).

Sinus response
 

 

 

 

Nasal : E: ? —17)bpeseouse maxillary (n=135)# frontal (n=17)

n=193 ESR LSR DYSR ESR LSR  =DYSR

149 positive NR

51 immediate/early Ad 3 1 3 3 0

15 immediate + late 6 4 0 1 2 0

67 late 0 61 3 0 5 0

7 immediatet+delayed 1 0 4 1 0 1

9 delayed 0 0 8 0 0 1

maxillary (n=13)¢ frontal (n=4)¢

44 negative NR 5S: i [= BF 1 0
 

NR = Nasal response; ESR = Early sinus response; LSR = Late sinus response; DYSR = Delayed

sinus response; a: 135=121+143 b: 17=3+14; c: 13=4+6+1+42; d: 4=1+1+2(see table 26a);
*=primary or "non-associated"form ofsinus response; the remaining responses are of the secon-
dary or so-called “associated” form.
References : 14a-14e,41g
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Table26c ‘The other organs! symptomsand general complaints accompanying the
particular types of the paranasal sinus response(in %), induced by the nasal

challenge with allergen(see also tables 26a and 26b).
 

 

 

 

Patients Sinus response to nasal challenge with allergen

n=78 maxillary sinuses frontal sinuses

Nasal challenges ESR ISR DYSR ESR LSR DYSR
n=193 n=56 n=75 =17 n=8 n=11 n=2

Nasal obstruction 92 91 94 62 91 100
Conjunctival injection

or chemosis 7 13 12 0 9 0
Palpebral edema 2 5 6 12 9 50
Middle ear response
(otalgia, hypacusia,
changes in middle ear
pressure) 13 15 12 0 9 0

Pressure in the sinuses 91 100 100 75 100 100

Bronchial complaints
(mostly secondary bron-
choconstriction, some-
times also wheezing
and/or cough 9 ll 6 0 0 0

Headache 2 12 12 75 91 100
Pharyngealirritation 0 3 6 0 0 0
General malaise

complaints 0 13 12 0 9 0
 

ESR = Early sinus response; LSR = Late sinus response; DYSR = Delayed sinus response.
References: 14a-14e,41g

Table26d Radiographic and echographic changes recorded during particular types of

the sinus response (=increased thickening of the mucosal membranein the

sinuses, increased opacification and/or decreased aeration) induced by the

nasal challenge withallergen (see also tables 26a-26c).
 

Changes on
 

 

 

radiographs echographs radiographs +
only only echographs

Maxillary sinuses
early SR (n=56) 3 1 52
late SR (n=75) 4 2 69
delayed SR (n=17) 1 0 16

Frontal sinuses
early SR (n=8) 2 0 6
late SR (n=11) 0 1 10

delayed SR (n=2) 0 0 2

Total n=169 (=100 %) 10 (=6%) 4 (=2%) 155 (92%)
 

SR = Sinus response. The agreement betweenthe radiographs and the echographs was highly
significant both for the total comparison (p<0.01) and forthe particular types of SR (p<0.02).
References: 14a-14e,41g
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Table27a_ Therole ofthe nasal allergy in chronic sinusitis maxillaris.
Survey ofthe radiographic (X-ray) and echographic changesin

the maxillary sinuses after the nasal challenge with allergen.
 

 

‘ Changes
Patients ee
n=46 Radiographs Echographs

37 patients
- 37 positive NR 31 27

9 patients
- 9 negative NR 3 2
 

Reference: 14d

Table27b ‘Therole ofthe nasal allergy in chronicsinusitis maxillaris.
Surveyofthe radiographic (X-ray) and echographic changes

during the particular types of nasal response (NR).
 

 

 

Patients Changes

n=46 Radiographs Echographs

Immediate NR (n=7) 6 4
Isolated late NR (n=14) 13 12
Dual late NR (n=13) 10 9
Isolated delayed NR (n=3) 2 2

Negative NR (n=9) 3 2
 

Reference: 14d

Table 28 Survey ofradiographic and echographic changes in the ma-
xillary sinuses (=increase in the thickening of the mucosal

membrane)in 24 patients suffering from CMS(chronic

maxillary sinusitis) after the nasal challenge with allergen.
 

 

 

Patients Changes on

n=24 Radiographs Echographs

21 patients
- 29 positive NR 26 22
- 4 negative NR 2 1

3 patients
- 5 negative NR 1 0
 

NR= Nasal response. The agreementbetween the radiographs and the
echographs was statistically significant (p<0.05).
References : 14f
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Table29 Thereview ofthe asthmatic responses (AR) induced by the nasal provocation

tests (NPT) with allergens in 27 patients suffering frombronchial asthma
with a low complianceto the usual ”anti-asthmatic” treatment.

NPT (n=133) Secondary induced asthmatic responses (AR)

Nasal response (NR) Immediate Dual late Late Dualdelayed Delayed Negative

 

 

positive (n=119) (TAR) (DLAR) (LAR) (DDYAR) (DYAR) (NAR)

Immediate (INR) (n=28) 20 l 2 0 0 5
Duallate (DLNR) (n=19) 1 13 1 0 0 4
Late (LNR) (n=46) 0 0 36 0 0 10
Dual delayed (DDYNR) 0 0 0 7 0 2
(n=9)

Delayed (DYNR) (n=17) 0 0 0 0 rb 6
Negative (NNR)(n=14) 2 0 0 0 0 12
 

Total 23 14 39 7 ll 39

Reference: 41h
 

FE ALLERGENS

The LNRcan be caused by various inhalantallergens. No differences in the occurren-
ce of the LAR have been foundby us with respect to the particularallergens.41> LNR
wasregularly recorded byus for a variety ofallergens, such as house dust, mites
(Dermatophagoides pteronyssinus, farinae), various animal danders such as cat, dog,

horse, cow, pig, goat, sheep, rabbit, guinea pig, hamster, canary, parrot, turkey, goose,

chicken, mouse,rat, parakeet, hen, pigeon,?-12.14.41b bird faeces (among others pigeon,
parrot, canary and parakeet droppings), faeces of other animals, such as cow, pig and
sheep,!5.16 wool, !4 old paper and cardboard antigens, !%24 various kinds ofmoulds, e.g.,
Aspergillus fumigatus etc.,7-12 various kinds ofinhalantfoods, e.g., flour kinds, (wheat,
rye, oats, maize) 7,12,41b cocoa powder, various spice powders,4!¢ various grass-, tree-,

flower-, weed pollen?+!2,25.41» both in mixtures andas particular pollen species,7:!4,25,

41b.72b such as timothy grass (Phleum pratense), ryegrass (Lolium perenne), sage (Arte-
musta vulgaris), buckhorn plantain (Plantago lanceolata), blue grass (Poa pratensis),

orchard grass (Dactylis glomerata), ragweed short (Ambrosia artemisiifolia), ragweed
giant (Ambrosia trifida), pine (Pinus), poplar (Populus), birch (Betula pendula), and
somedrugs, e.g., Acidumacetylsalicylicum (Figures 7,28a, 28b,29,30,31).7

G. NASAL SECRETIONS(NS)
The nasalsecretions (NS) are a very interesting and useful medium for supplementary

investigations, from cytologic !-3,11a-11e,11g,11h,13a-13¢,18,20, 25,34, 40¢-40f41a-41d,41i,48a-

48¢,51a,51¢,54-56,7 1,72,72a,-72d,73-82,82a,82i,83-85,85a,94 jmmunologic,!-311611}.23,25a34,41b,
41f,41i,44,46-48,49,51.a,51¢,52-56,72b,82a-82},83-85,85a-854,86-95,95a,95b,96,97,97a-976,97i,97V-97y

as well as biochemical and biophysical 1.41b,41i,73,82a-82c,85,97g-97i points ofview.
The hypersensitivity reactions in the nasal mucosa,leading to the developmentofthe

particular types of the nasal responseto allergen exposure (= challenge), are dynamic
processes caused by the specific allergens, where various types of cells, mediators, com-
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Fig. 23. THE LATE TYPE OF CONJUNCTIVAL-PALPEBRAL RESPONSE INDUCED
BY THE LATE NASAL RESPONSE DUE TO THE ALLERGEN CHALLENGE
[LNR] IN PATIENTS WITH ALLERGIC CONJUNCTIVITIS
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The mean NPG values recorded before andafter the allergen challenge and PBS (Phosphate buffered saline) controls
challenge in 16 patients developing the late nasal response [LNR] and conjunctival-palpebral response
| = Initial values: PBS = Control challenge; ALL = Allergen challenge.

O_o = LNR o-—--- O = conjunctival ae= = palpebral
X. seesnenmeneeeee x =PBS hyperemia (HY) edema (PE)

A————A = conjunctival % <s—+—= x = hyperlacrimation (HL)
injection (Cl)

Bacon e =chemosis

References: 17,21,41b,97w
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Fig. 24a.

AP in
cm H2O

———

THE IMMEDIATE (EARLY) NASAL RESPONSE TO ALLERGEN CHALLENGE
(IINR) IN PATIENTS WITH SECRETORYOTITIS MEDIA (SOM)
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The mean NPG values (nasopharynx-nostril pressure gradient =/4 P in cm H20) recorded after the allergen challenge,
calculated from 19 Isolated immediate nasal responses accompaniedby positive middle ear response.
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge.

¢ ————9 = |solated immediate nasal response (n=19)
Maxcessinecen... x = PBS control test (n=19)

References: 22,26,27,27a,27b,41b
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ig. 24b. THE MIDDLE EAR RESPONSE RECORDED DURING THE IMMEDIATE
NASAL RESPONSE TO ALLERGEN CHALLENGE(IINR) IN PATIENTS

WITH SECRETORYOTITIS MEDIA (SOM)
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The tympanometric values (MEP = middle ear pressure), inmm H O, were calculated from all positive middle ear
responses appearing during the positive Isolated immeciate nasal responses(IINA). The spotted area represents
the normal yalue range of MEP,

Oo = MEPvalues during the |solated immediate nasal response (n=19)
X= MEPvalues during the PBS control test (n=19)

 

References: 22,26,27,27a,27b,41b
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THE LATE NASAL RESPONSE TO ALLERGEN CHALLENGE(LNR) IN
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The mean NPG values (nasopharynx-nostril pressure gradiert =“ P in cm HoO)recorded after the allergen challenge, calculated
from 29 late nasal responses,of 2 sub-types, accompanied by positive ear response,
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge.

 4 4, = Isolated late nasal response (n=17)
4 ———— 4 = Dual late nasal response (n=12)
Xoseeseeee x om PBS control test (n=29)

References: 22.26.27.27a.27b.41b
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g. 25b. THE MIDDLE EAR RESPONSE RECORDED DURING THE LATE NASAL
RESPONSE TO ALLERGEN CHALLENGE(LNR)
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The tympanometric values (MEP = middle ear pressure), in mm HO, were calculated from all positive middie ear
responses appearing during the both sub-typesof the late nasal response,the Isolated late (ILNR) as well as dual
late responses (DLNR) (=immediate + late). The spotted area represents the normal value range of MEP.

 A ‘ = MEP valuesduring the Isolated late nasal response (n=17)

4A———-—4 = MEPvalues during the Dua! late nasal response (n=12)
Rercrcecces x = MEP values during the PBS control test (n=29)

References: 22,26.27.27a.27b.41b
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Fig. 26a.

AP in
cm HpO

THE DELAYED NASAL RESPONSE TO ALLERGEN CHALLENGE(DNR)IN
PATIENTS WITH SECRETORY OTITIS MEDIA (SOM)
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The mean NPG values (nasopharynx-nostril pressure gradient =P incm HgO) recordedafter allergen challenge, calculated
from 13 delayed nasal responses, of 2 sub-types, accompaniad bypositive middie ear response.
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge.

° © = Isolated delayed nasal response (n=9)
e ———— e = Dual delayed nasal response (n=4)
se sararmaniess x = PBS control test (n=13)

 

References: 27,27a,27b
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THE MIDDLE EAR RESPONSE RECORDED DURING THE DELAYED
NASAL RESPONSE TO ALLERGEN CHALLENGE (DNR) IN PATIENTS
WITH SECRETORYOTITIS MEDIA (SOM)
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The tympanometric values (MEP = middle ear pressure), in mm Hp0,were calculated from all positive middle ear
responses appearing during the both sub-typesof the delayed nasal response,the Isolated delayed (IDNR) as well as
dual delayed responses (DDNA) {=-immediate + delayed). The spotted area represents the normal value range af MEP.

o © = MEP values during the Isolated delayed nasal response (n=9)
®————e = MEPvalues during the Dual delayed nasal response (n=4)
Hrseeeeseee x » MEP values during the PBScontroltest (n=13)

 

References: 22,26,27,27a,27b,41b
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Fig. 27. LATE AND DUAL LATE ASTHMATIC RESPONSES[LAR; DLAR] INDUCED BY THE

ALLERGIC REACTION ORIGINATING PRIMARILY IN THE NASAL MUCOSA(n=39; 15)
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Themean percentage changesin the FEV; values calculated from 39 Late [LAR] and 15 Duallate [DAR] asthmatic
responses and §4 PBScontrol challenges
|= Initial values; ALL = Nasal challenge with allergen

a ——-----s =LAR  (n=39)
———OG =DLARA (n=15)
gece x =PBS  (n=54)

References: 12,40a,41,41b,41h,41i
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Fig. 28a. DUAL(IMMEDIATE+LATE) [DLNR] AND ISOLATED LATE NASAL RESPONSE[ILNR] TO
THE NASAL CHALLENGE WITH PIGEON DROPPING EXTRACT
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The mean NPG values recorded before and after the allergen challenge and the coca's solution control challenge in 25 patients
developing both the types of the late nasal response.
| = Initial values; CS = Coca’s solution; ALL = Allergen,

 

¢ = Dual nasal response [DLNA] (n=19)
= Isolated late nasal response[ILNR] (n=6)
= Coca'ssolution control challenge [CS] (n=25)

 

References: 15,16,41b
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Fig. 28b.
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The mean NPG values and SD calculated from the non-pretreated nasal responses,nasal responsespretreated with BUD and

PL, and PBS control challenges from 19 patients developing the LNR.
| = Initial values; PBS = Phosphate buffered saline; ALL = Allergen challenge; LNA = Late nasal response; BUD = Budesonide

nasal spray; PL = Placebo nasal spray

Non-pretreated LNR (n=19)
LNRpretreated with BUD (n=19)
LNA pretreated with Placebo (n=19)

PBScontrol challenge (n=19)o
u
t

 
References: 15,16,41b
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The maan NPG values recorded before andafter nasa! challenge with old paper extract and Coca’ssolution contro! challenge
in24 patients developing one of the particular types of the nasal response to this allergen.
| = Initial values; CS = Coca's solution; ALL = Allergen

Qa------4 = Isolated immediate nasal response [lINR] (n=5)}
e————e = Dual late nesal response [DLNR](n~8)
o © = Isolated late nasal response[LNA] (n=11)

x = Goca's solution contro! challenge [CS] {(n=24)
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References: 9,19,24
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Fig. 30.
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The mean NPGvalues recorded before and atier nasal challenge with cardboard extract and Caca's solution control challenge
in 27 patients reacting positively with the same type of nasal response.
| = Initial values; CS = Coca's solution; ALL = Allergen,

= |solated immediate nasal response[IINR] (n=9)
Dual late nasal response [DLR] (n=4)
Isolated late nasal response [ILNA] (n=14)
Coca's solution contro! challenge [CS] (n=27)
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References: 9,24
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Fig. 31.
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The mean NPG values recorded after allergen challenge with respect to the appropriate “Phosphate
Buffered Saline" NPG values, were calculated from all positively reacting patients with the same
type of response,

o——r = Isolated immediate nasal response (n= 7)

4——a = Isolated late nasal response (n=11)

o-----o0 = Dual late nasal response (n= 21)

rex = Control challenge with PBS (n=39)

References: 7,12,41b
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. The late nasal response . , The late nasal response

pounds and mechanisms may beinvolved in various steps and at variouslevels. 152-45 !1a-

11h,13b,13¢,41b-41d,41i,71,72,72a-72d The non-specific hyperreactivity reactions in the nasal
mucosa,caused by the non-specific agents, may also be considered to be dynamic pro-

cesses upon involvementofthe variouscell types, receptors, compounds and mecha-
nisms, 13a-13¢,13e,13f

The hypersensitivity reactions are also exfoliative processes, leading to the influx and
release ofvariouscell types, as well as various factors, compounds and chemical deriva-
tes into the NS.1-3.11a-11h,13a-13c,18,20,23,25,34,40c-40f,41a-41d,48a-48d,5 1la-51¢,53-56,71,72,72a-

72d,79,80,82,83,85,94,96,97,97a-97p

The involvementof the individual typesofcells as well as particular mediators and/or
their derivatives in the allergic reactionsor particular types ofthe nasal response, can

only be characterized by comparing the changes in their count, in their condition

(activation vs. inactivation)or in their concentration in the NS before and, repeatedly,
after the challenge with a certain allergen.3+18,20,25,41b,71,72

1. CELLULAR ASPECTS

The cytologic examination of NSis a relatively easy and valuable techniquefor the
assessement of the changes in the countofthe particular cell types appearing in NS
during the particular types of nasal response.!3a-18,71,72 On the other hand, this method
is limited to the NS only and does notassess the cellular changes in the nasal mucosa
tissue directly, which can only be derived from the biopsy. 71-72:96.97,97a

Several papers concerning the appearanceofvariouscell types in the nasal secretions,
especially of eosinophils and mastcells/basophils have already been published.48.48a-48d,
74-80,82 The appearance of eosinophils in NS has been interpreted by these authors to be
an indicator ofnasalallergy. However, this presumption has been derived froma single
sample ofthe patient’s NS and, in mostcases,it has not been directly related to a certain
allergen.48b.484.76,78-80

Other authorshave suggested that the appearance ofmastcells/basophils in NS

should be considered to be a diagnostic parameterfor the nasal allergy.486-484,75,77,79,82
Papers concerning the appearanceofothercell types in NS are not numerous.80.81

Thereis a dearthof detailed knowledge concerning the appearance and exactrole of
individual cell types in NS during the individual hypersensitivity reactions in the nasal

mucosa and especially during the particular types of nasal responseto allergen.?-71,72

Cytologic examination of the NS during the particular types of the nasal response to
allergen challenge (INR, LNR, DYNR)hasbeen extensively studied by us (‘Tables 30-34,
Figures 32-35).2+11a-1le,11g,13a-13¢,18,20,25,26,37,38.40,40¢-40f,41,41a~414,71,72,72a-724,97,972

‘The cellular changes in NS during the LNR have beenstudied byus for thefirst time

(Figure 7, 32b),2:25.72

Thepositive LNR has been accompanied by significant changesin the countof
neutrophils in 84%ofthe cases (increase immediately before, and decrease during the
appearance of LNR, followed by increase again during the resolving of LNR), eosino-

phils in 58%(increase immediately before, and decrease during appearance of LNR),

epithelial cells in 73%(increase followed by decrease, runningparallel with the clinical
course of the LNR), gobletcells in 63%ofthe cases (increase followed by decrease),
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basophils in 8% and lymphocytes in 6%(both thecell types demonstrated a slight
increase in their count during the LNR), in the NS. No significant changes in the counts
ofother types ofcells in the NS (monocytes, plasmacells, mast cells) have been recor-
ded during most of the LNR cases [Table 31, Figure 32b, Plates 18-1,18-II (page 365) |.

Nosignificant changes in the countofany cell type in the NS have been recorded either
during the PBS control challenge in any patient or during mostof the negative responses.
Wehave concluded that the clinical LNR may beassociated with changes in the count

of neutrophils, eosinophils, epithelial cells and gobletcells, indicating their possible
dynamic involvementin the mechanismsofthis type of response. Moreover, the results

of our studies havedistinctly demonstratedthat only a repeated examination of the NS
samples before andafter an allergen challenge can be accepted as a supplementary
diagnostic and research parameter, rather than an examination ofa single NS sample.18
20,25,71,72

The cytologic changesin the NS, recorded during the LNR,are clearly different from
those found by us during both the immediate nasal response [INR] (Tables 30a,30b;
Figure 33b) 2.3.1 la-1 1,1 1g,40e,41,41i,71,72a,72c,72d,82,83 and the delayed nasal response

[DYNR](Tables 32a,32b; Figure 34b),13a-13¢,41i,72a

These results and conclusions may be supported by anotheraspect. Thecells appea-
ring in the NSbefore theallergen challenge, during the PBS control and during the

negative nasal response, have been mostly intact, whereas those migrating and/or being

expelled in the NS during the positive LNRand shortly after its resolving, demonstrated

distinct intracellular changes, including changed cytoplasmic granules (degranulation)
(Tables 33a, 33b). L1g,1th,40c,40d,40f,41d,41i,72,72¢

Besides the changesin the countofindividualcell types in NS during the particular
types of nasal response, we have also studied the condition, especially intracellular
changes andcellular membranes, of the particularcell types (e.g. eosinophils, neutro-
phils, basophils, mast cells), appearing in NS during the immediate (INR)! !@11b,11g,72b,

724 Jate (LNR)11h,40641d,72b and delayed (DYNR) nasal response (‘Tables 33,34).13a,13¢

Moreover wehavealso investigated the effects of several drugs not only on theparti-
cular nasal response types (Figures 32-34),1011,12,13,13b,14,17,21,26,38,40, 40a,41i,722,97w

but also on the accompanying changesin the cellular counts in the NS,114,11¢,13b,40¢-
406,411,72a,724 and on the intracellular changes displayed by the individual cell types
(Tables 35-37, Figures 32-34).13b.40672d

In mostofthe cells appearing in NS during the positive LNR,variouscellular, intra-
cellular and other changes, such as degranulation, disappearance of the cytoplasmic
granules, vacuolization, diminished intake ofthe stain, wrinkling of the cellular mem-

brane, sometimescellular disruption, have been recorded.4f414,72¢ The neutrophils

(NE) degranulated during 94%of the positive LNR cases, eosinophils (EO) in 49%and
basophils (BA) in 3%, while during the negative nasal response, the NE degranulated in

7% of the cases, EO in 7% and BA in 0% (Tables 33a, 33b).406414,72c

In contrast, during the INR, degranulation of EO has been found in 63%, ofNE in

74%and ofBA in 16% ofthe cases [Tables 33, 33b, Plates 19-LILIILIV,V,VI (pages 366,

367) ],!!411b,11h,72c,72d whereas the DYNR has been accompanied by degranulation of NE
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in 74% and intracellular changes oflymphocytes in 82% and of monocytesin 61%ofthe
cases (‘Table 34),13¢,72a

Bascom andcolleagues 8? and Togias and co-workers83, using the nasal lavage techni-
que, have observeda significantincrease in the count of whatthey called ”alcian-blue-

stained positive cells”, most probably basophils, but also of eosinophils and neutrophils,
a slight increase in the mononuclearcells, and a decrease in the countofthe epithelial
cells in NS during the "late nasal response”to allergen challenge. Walden andcollea-

gues °4 have recorded increasesintotal cell counts, particularly of eosinophils, neutro-
phils and “alcian bluecells” (being probably basophils), in the NS during the LNR,

correlating with increased release of some mediators (kinins, TAME-esterase activity,

histamine, sulfidopeptide leukotrienes) and albumin into the nasal secretions.
Iliopouloset al5!¢ have also observed an increased countofeosinophils and neutrophils

in NS during LNR. However, they have foundthesignificant increase only in the eosi-
nophil count. The significant differences in the cell influx into the NS accompanying the
LNR and those recorded during the INR, described by these authors>!652,83,94 are
generally consistent with our results.20.25,41641d,71,72,72a,72c

Table30a_ Presence ofindividual cell types in the nasal secretions and changes in their
count during the Immediate nasal response [INR] in %.
 

 

INR (n=117) Changesin the cell count
NNR(n= 83) between before andafter

PBS (n=200) Presenceofthe cells the challenge

INR NNR PBS INR NNR PBS

Eosinophils 85 19 48 68* 5 3
Neutrophils 71 17 40 47* 3 0
Basophils 16 91 31 13% 0 0
Epithelial cells 68 23 25 9 7 4
Gobletcells 57 13 11 16* 4 2
Lymphocytes ll 4 7 2 3 0
Mastcells 4 2 3 0 0 0

Plasmacells 7 2 3 0 0 0
Monocytes ] 0 0 0 0 0
 

INR = Immediate nasal response; NNR = Negative nasal response; PBS = Phosphate buffered
saline (=control); *= statistically significant changes (p<0.05). References: 1 1¢,71,72a,97a

Table30b Statistically significant magnitude of changesin the

countofindividual cell types in NS (p < 0.05).
 

 

 

Cell type Mean + SE

Eosinophils 7 (7.17+40.91)

Basophils 2 (2.264 0.71)
Mast cells 1 (1.21 + 0.49)

Neutrophils & (8.33 + 0.56)
Lymphocytes 2 (2.00 + 0.25)
Monocytes 1 (1.26 + 0.21)

Plasmacells 1 (1.27 +0.21)
Epithelial cells 5 (5.00 + 0.63)
Goblet cells 4 (4.15 + 0.65)

NS = Nasal secretions. References: 11c, 71, 72
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Table31 Presence ofparticularcell types in the nasal secretions and changesin their

count during the late nasal response [LNR] in %.

LNR(n=104) Changesin the cell count

NNR(n= 83) between before andafter

PBS(n=187) Presenceofthe cells the challenge

LNR NNR PBS LNR NNR PBS

Eosinophils 61 19 49 58* 5 |

Neutrophils 96 17 45 84* 3 2

Basophils 15 9 10 8* 0 0

Epithelial cells 100 23 4] 73* 4 1

Gobletcells 82 13 35 63* 3 0

lymphocytes 18 4 9 6* 0 0

Mastcells 3 2 1 0 0 0

Plasmacells 4 2 L 0 0 0

Monocytes 1 0 0 0 0 0
 

LNR = Late nasal response; NNR = Negative nasal response; PBS = Phosphatebuffered saline

(=control); * = statistically significant changes (0<0.05).
References : 11ce,11h,25,41b,41¢,72,72a,97

Table32a_ Presenceofparticularcell typesin the nasal secretions and changesin their

countduring the delayed nasal response [DYNR]in %.
 

 

 

DYNR (n=83) Changesin the cell count

NNR(n=71) between before and after

PBS (n=83) Presenceofthecells the challenge

DYNR NNR PBS DYNR NNR PBS

Eosinophils 26 10 12 12 3 1

Neutrophils 59 13 ll 53* 7 2

Basophils 2 1 0 1 0 0

Epithelial cells 73 14 10 aT 4 2

Gobletcells 60 ll 7 18 0 0

Lymphocytes 86 13 14 77* 8 4

Mastcells 2 1 1 0 0 0

Plasmacells 10 4 2 0 0 0

Monocytes 16 3 1 6 L 0
 

DYNR = Delayed nasal response; NNR = Negative nasal response; PBS= Phosphate buffered

saline (=control); * = statistically significant changes(p<0.05). References : 13a-13c,72a
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Table 32b The changes in the countofparticular cell types in the nasal secretions (NS)

accompanying the positive delayed nasal responseto allergen challenge

(DYNR).
 

Neutrophils in 50% (increase-decrease-increase)*
Eosinophils in 14% (slight increase-decrease)
Lymphocytes in 71% (increase-decrease-increase)**
Epithelialcells in 31% (increase after resolving ofDYNR)
Goblet cells in 5% (increase after resolving ofDYNR)
Monocytes in 11% (increase-decrease before the DYNR)
Plasmacells in 6% (increase-before the onset ofthe DYNR)
Basophils in 0% (no pattern)
Mastcells in 0% (no pattern)
 

* Running almostparallel with the course of the DYNR.** The lymphocyte countincreased
immediately before the onset of the DYNR,decreased gradually during the response and
increased again after the resolving of the DYNR.
References: 13a-13c, 72a

 

 

 

Table 33a Reviewofthe cellular andintracellular changes recordedin the individual cell
types in nasal scretions (NS) before and duringparticular types of nasal

response (in % of responses).

INR (n=117) LNR(n=38) NNR(n=82) PBS (n=154)

Before During Before During Before During Before During

Eosinophils 4 81* 13 65* 0 6 0 3
Basophils 0 16* 5 Ai* 0 0 0 0
Mastcells 0 9+ 0 0 0 0 0 0
Neutrophils 0 49% 7 87* 0 4 0 0
 

Cellular andintracellular changes: - disappearance of cytoplasmatic granules; - vacuolization;
wrinklingof cellular membrane; diminished stain intake; cellular disruption. * = p< 0.05; + =p
= 0,05. NS = Nasal secretions; Nasal response: INR = immediate, LNR = late, NNR = negative,
PBS = Phosphate buffered saline control challenge.
References: lla, 11b, 11g, 41d, 72c
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Table33b Cellular andintracellular changes recorded in the individual cell types in NS
before and duringa particulartype ofthe nasal response (in %ofresponses).
 

 

 

 

 

 

 

 

 

 

INR (n=117) LNR(n=38) NNR(n=82) PBS (n=154)

Before During Before During Before During Before During

Eosinophils 4 81 13 65 0 6 0 3
- disappearance of
cytoplasmic
granules 4 63 5 49 0 6 0 3

- vacuolization 2 61 5 65 0 4 0 0
- wrinkling ofcel-
lular membrane 2 71 2 65 0 4 0 1

- diminished
stain intake 0 26 1 49 0 0 0 0

- cellular
disruption 0 77 0 53 0 1 0 0

Basophils 0 16 5 ll 0 0 0 0
- disappearance of
cytoplasmic
granules 0 16 3 3 0 0 0 0

- vacuolization 0 16 1 5 0 0 0 0
- wrinkling ofcel-
lularmembrane 0 13 0 3 0 0 0 1

- diminished
stain intake 0 5 0 2 0 0 1 0

- cellular
disruption 0 10 1 0

Mastcells 0 9 0 0 0 0

- disappearance of
cytoplasmic

granules 0 9 0 0 0 0 0 0
- vacuolization 0 9 0 0 0 0 0 0
- wrinkling of cel-
lularmembrane 0 8 0 0 0 0 0 1

~ diminished

stain intake 0 Z 0 0 0 1 0 0
- cellular
disruption 0 6 0 i) 0 0 0

Neutrophils 0 49 87 0 4 0

~ disappearance of
cytoplasmic
granules 0 49 7 87 0 4 0 1

- vacuolization 0 22 4 75 0 2 0 1

- wrinkling ofcel-
lular membrane 0 30 3 78 0 1 0 0

- diminished
stain intake 0 15 0 57 0 0 0 0

- cellular
disruption 0 12 az 69 0 0 0 0
 

NS = Nasal secretions; Nasal response: INR = immediate, LNR = late, NNR = negative, PBS =
control challenge.
References: lla, 11b, 11g, 41d, 72
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Table 34a Cellular and intracellular changes in the particularcell types recorded during

the delayed nasal response to allergen challenge [DYNR], negative nasal

response [NNR] and phosphate buffered saline control challenges [PBS] (in

 

 

 

% ofresponses).

Dane DYNR(n=23) NNR (n=20) PBS (n=23)

n=23 Before During Before During Before During

Eosinophils 4 7 10 0 A 4
Neutrophils 4 78* 5 10 0 4
Basophils 0 0 0 0 0 4
Mastcells 4 0 0 5 0 0
Lymphocytes 10 83" 5 15 0 10
Monocytes 0 61+ 0 0 0 4
 

NS = Nasalsecretions;statistical significance ofthe cellular changes: * = p < 0.05; + =
p = 0.05. References: 13c, 72a

Table 34b Cellular andintracellular changes recorded in the particularcell types in the

nasal secretions (NS) during the delayed nasal responseto allergen challenge

[DYNR], negative nasal response [NNR] and control challenge with phosp-

hate buffered saline [PBS] (in % ofresponses).
 

 

 

 

 

 

 

 

Pationts DYNR(n=23) NNR(n=20) PBS (n=23)

n=23 Before During Before During Before During

Neutrophils 4 78" 5 10 0 4

- disappearance of
cytoplasmic granules 0 74" 0 0 0 0

- vacuolization 0 60+ 0 5 0 0
- wrinkling ofcellular
membrane 0 65+ 0 0 0 0

- diminished stain intake 4 70* 5 5 0 4
- cellular disruption 0 4 0 0 0 0

Lymphocytes 8 82" 5 15 0 4
- vacuolization ob 78* 0 5 ) 0
- wrinkling ofcellular
membrane 0 78* 5 5 0 4

- diminishedstain intake 4 82* Q 5 0 0
- diminished compactness
of the nucleus 0 70* 0 0 0 0

- wrinkling ofthe nucleus 0 60+ 0 0 0 0
- cellular disruption 0 4 0 0 0 0

Monocytes 0 61+ 0 0 0 4

- increasein the size 0 39+ 0 0 0 4
- vacuolization 0 48+ 0 0 0 0
- wrinkling ofcellular
membrane 0 48+ 0 0 0 0

- diminished stain intake 0 56" 0 0 0 0

- wrinkling of the nucleus 0 35 0 0 0 0
- cellular disruption 0 0 0 0 0 0
 

Statistical significance of the changes: * = p < 0.05; += p = 0.05
References; 13c, 72a
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The late nasal response

Table 35a Presence ofthe particularcell types in the nasal secretions (NS) during the
non-pretreated INRs and INRs pretreated with intranasal DSCG and

BSA/BDA(in %ofcases).
 

 

INR non-pretreated INRspretreated with

n=18 INRs DSCG BSA/BDA

Eosinophils 89 22" 72
Neutrophils 72 39° 61
Basophils 17 o* 11
Mastcells 6 0 6
Epithelial cells 67 dee 72
Gobletcells 61 11* 49
Lymphocytes 11 10 5*
Plasmacells 0 0 0
Monocytes 0 0 0
 

* The countofparticular cell types, which was significantly lower than that recorded during the
non-pretreated INRs (p < 0.05). INR = Immediate nasal response; DSCG = Disodium cromog-
lycate (Cromolyn); BSA = Budesonide; BDA = Beclomethasonedipropionate.
References; 11d, lle, 72a, 72d

Table 35b Changes in the countofparticular cell types in the nasal secretions during the

non-pretreated INRs and INRs pretreated with intranasal DSCG and

BSA/BDA,with respectto the pre-challenge count(in % ofcases).
 

 

INR nonspretmested INRspretreated with

n=18 INRs DSCG BSA/BDA

Eosinophils 67* 11 61*
Neutrophils 55* 6 44*
Basophils \7* 0 1l*
Mast cells 0 0) 0
Epithelial cells 28+ 0 22+
Gobletcells 33° 6 22+
Lymphocytes 0 0 0
Plasmacells 0 0 0
Monocytes 0 0 0
 

* statistically significant (p < 0.05); + = statistical borderline (p = 0.05). INR = Immediate nasal

response; DSCG = Disodium cromoglycate (Cromolyn); BSA = Budesonide; BDA =
Beclomethasone dipropionate.
References: 11d, lle, 72a, 72d
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The late nasal response

Table35c Degranulation and other intracellular changes recorded in the individualcell

types in the nasal secretions (NS) during the non-pretreated INRs and the

INRs pretreated with intranasal DSCG and BSA/BDA(in % ofcases).
 

 

 

 

INR Non-pretreated ID preeeciel Ws
n=18 INR DSCG BSA/BDA

D ICH D ICH D ICH

Eosinophils 78* 67* 11 6 45% 39%
Neutrophils 67* 28 39% 17 6 0
Basophils Li 11* 0 0 Lit 6+
Mastcells 6 6 0 0 0 0
 

INR = Immediate nasal response; D = Degranulation; ICH = Intracellular changes (vacuoliza-
tion, diminished stain intake, wrinkling of cellular membrane); DSCG = Disodium cromoglyca-
te; BSA = Budesonide; BDA = Beclomethasonedipropionate.
Changes recordedafter the allergen challenge as compared with the pre-challenge changes: *
statistically significant (p < 0.05), + statistical borderline (p = 0.05)
References: 72a, 72d

Table 36a Presenceofindividual cell types in the nasal secretions (NS) during the non-

pretreated LNRs and LNRs pretreated with intranasal DSCG and BSA/BDA
(in % ofcases).
 

LNRs pretreated with

 

LNR non-pretreated
n=16 LNRs DSCG BSA/BDA

Eosinophils 69 19* 25*
Neutrophils 94 38* 31?
Basophils 19 0* 13
Mastcells 6 0 6

Epithelial cells 100 3] aye
Gobletcells 81 o 13}
Lymphocytes 13 0 0
Plasmacells 0 0 0
Monocytes 0 0 0
 

*The countofparticularcell types, which wassignificantly lower than that recorded during the
non-pretreated LNRs(p < 0.05)

LNR = Late nasal response; DSCG = Disodium cromoglycate (Cromolyn); BSA = Budesonide;
BDA = Beclomethasone dipropionate.
References: 1 1c, 40d, 40c, 40f, 72a, 97
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The latenasal response

Table36b Changes in the countofparticularcell types in the nasal secretions during the

non-pretreated LNRs and LNRspretreated with intranasal DSCG and

BSA/BDA,with respect to the pre-challenge count(in % ofcases).
 

 

LNR non-pretreated INEs pretrested with
n=16 LNRs DSCG BSA/BDA

Bosinophils 50* 6 19
Neutrophils 75* 19 0

Basophils 13* 0 6
Mastcells 0 0 0
Epithelial cells 88* 25 31+
Gobletcells 69* 6 13
Lymphocytes 0 0 0
Plasmacells 0 0 0
Monocytes 0 0 0
 

Changes:“statistically significant (p < 0.05); + = statistical borderline (p = 0.05).
LNR= Latenasal response; DSCG = Disodium cromoglycate (Cromolyn); BSA = Budesonide;
BDA = Beclomethasone dipropionate.
References: llc, 40d, 40c, 40f, 72a, 97

Table36c Degranulation andotherintracellular changes recordedin the individual cell

types in the nasal secretions (NS) during the non-pretreated LNRs and the

LNRs pretreated with DSCG and BSA/BDA(in % ofcases).
 

 

 

 

LNRpretreated with
Non-pretreated

LNR LNR DSCG BSA/BDA

N=16 D ICH D ICH D ICH

Eosinophils 56* 50” 6 6 25+ 25+
Neutrophils 7a 63° 38+ 31+ 13 6
Basophils 13 6* 0 0 6+ 6
Mastcells 6* 6 0 0 6+ 6
 

LNR = Late nasal response; D = Degranulation; ICH = Intracellular changes (vacuolization,
diminished stain intake, wrinkling of cellular membrane); DSCG = Disodium cromoglycate;
BSA = Budesonide; BDA = Beclomethasone dipropionate.
Changes recorded after the allergen challenge as compared with the pre-challenge changes: *
statistically significant (p < 0.05), + statistical borderline (p = 0.05)
Reference: 40f
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1 late nasal response

Table 37a Presence ofindividual cell types in the nasal secretions (NS) during the non-
pretreated DYNRs and DYNRs pretreated with intranasal DSCG and

 

 

BSA/BDA(in % ofcases).

DYNR non-pretreated DEES Detention voi
n=12 DYNRs DSCG BSA/BDA

Eosinophils 25 17 25
Neutrophils 66 75 25%
Basophils 8 ly, 8
Mastcells 8 0 8
Epithelial cells 75 75 Lye
Gobletcells 33 42 8°
Lymphocytes 100 91 8"
Plasma cells 0 0 0
Monocytes 8 0 0
 

DYNR = Delayed nasal response; DSCG = Disodium cromoglycate (Cromolyn); BSA =
Budesonide; BDA = Beclomethasone dipropionate.* Statistically significant differences (p <
0.05), with respect to the non-pretreated DYNRs.
References: 13a-13c, 72a

Table 37b Changesin the countofparticular cell types in the nasal secretions (NS)

compared before andafter allergen, during the non-pretreated DYNRs and

DYNRspretreated with intranasal DSCG and BSA/BDA(in %ofcases).
 

 

DYNR non-pretreated PARES DRseeiei nae
n=12 DYNRs DSCG BSA/BDA

Eosinophils 17+ 8+ 8

Neutrophils 42" 50* 17
Basophils 0 0 0
Mastcells 0 0 0
Epithelial cells 42* 42* 17
Gobletcells Le* 25* 0
Lymphocytes 92" 100* 25
Plasmacells 0 0 0
Monocytes 0 0 0
 

DYNR= Delayed nasal response; DSCG = Disodium cromoglycate (Cromolyn); BSA =
Budesonide; BDA = Beclomethasone dipropionate. Changes in the countofparticular cell
types:* Statistically significant (p < 0.05); + = statistical borderline (p = 0.05)
References: 13a-13c, 72a
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¢ late nasal response

Table37c Degranulation and otherintracellular changes recordedin the individual cell

types in the nasal secretions (NS) during the non-pretreated DYNRs and

DYNRs pretreated with intranasal DSCG and BSA/BDA(in %ofcases),
 

 

 

 

DYNRpretreated with
Non-pretreated

DYNR DYNR DSCG BSA/BDA

N=12 D ICH D ICH D ICH

Eosinophils 0 0 0 0 ) 0
Neutrophils 42* 25+ 33* 25+ 17 8
Basophils 0 0 0 0 0 0
Mastcells 0 0 0 0 0 0
Lymphocytes - 83* - 75 8
 

DYNR = Delayed nasal response; D = Degranulation; ICH = Intracellular changes(vacuoliza-
tion, diminished stain intake, wrinkling of cellular membrane); DSCG = Disodium cromoglyca-
te; BSA = Budesonide; BDA = Beclomethasone dipropionate. Changes recorded after the
allergen challenge as compared with the pre-challenge changes:* statistically significant (p <
0.05) or + statistical borderline (p = 0.05)
Reference: 13b, 72a
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Fig, 32a.
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THE LATE NASAL RESPONSE(LNR) TO ALLERGEN CHALLENGE AND
PROTECTIVE EFFECTS OF DISODIUM CROMOGLYCATE (DSCG) AND
BUDESONIDE(BSA)
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The mean NPG values recorded after the non-pretreated and pretreated nasal challenges, with respect to the appropriate
control PBS (Phosphate Buffered Saline) NPG values, were always calculated from 16 patients developing 16 positive late
nasal responses (LNA}.
| = Initial values; PBS = Control challenge; ALL = Allergen challenge.

® »Non-pretreaied LNR
= LNR pretreated with DSCG

-4 =LNRpretreated with BSA
---% = PBS control challenge

    

  

References: 11g,11h,12,25,40a,40c,40d,40f,41a,41b,41c,41d,41i,72,72a,72c¢,121b,121j

92

       
Fig. 32b, CYTOLOGIC CHANGESIN NASAL SECRETIONS(NS) DURING THE

NON-PRETREATED LATE NASAL RESPONSE(LNR)
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The mean NPG values recorded aiter the non-pretreated allergen challenge with respect to the control NPG values
(PBS)calculated from 16 positive LNRs. The mean changes in the countof the individual cell types in the NSs were
calculated from 16 positive LNAs.
1 = Initial values; PBS = Contro! challenge; ALL = Allergen challenge.

 

  

  
   

° = LNA p d late nasal resp (n=16)
o@————-9 « Eosinophils

4- 4 = Basophils
a= = Mast cells

9 = Neutrophils
x = Goblet cells

a-~ “= Lymphocytes
oe ~ = Epitholial calls
%a— % = Plasmacells
Komen x = Monocytes

References: 11g,11h,12,25,40a,40c,40d,40f,41a,41b,41¢,41d,41i,72,72a,72c,121b, 121)
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Fig. 32c.
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The mean NPG values recorded after the PBS control challenge with respect to the initial NPG valuas, calculated from
16 patients developing the positive (LNA), The mean changesin the countof individual cell types in the NSs were
calculated from 16 PBS control challanges.
| Initial values; PBS = Control challenge.

Xeremeereeee xe = PBS control challenge (n=16)
-0 = Eosinophils  

= Neutrophils
* =Goblet ceils
“= Lymphocytes

= = Epithelial calls
= Plasmacalls
= Monocytas

 
References: 11g,11h,12,25,40a,40c,40d,40f,4 1a,41b,41¢,41d,41i,72,72a,72c,121b,121j
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Fig. 32d. CYTOLOGIC CHANGESIN NASAL SECRETIONS(NS) DURING THE

LATE NASAL RESPONSE(LNR) PRETREATED WITH DISODIUM

CROMOGLYCATE (DSCQG)
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The mean NPG values recordedafterthe allergen challange pretreated with DSCG with respect to the control NPG values
(PBS), calculated from 16 positive LNRs, Tha mean changes in the countoftha individual cell types in the NSs were
calculated from 16 positive LNRs.
| = Initial values; PBS = Control challenge; ALL = Allergen challenge,

= = LNA pretreated with DSCG (n=16)
9 = Eosinophils
4» Basophils
4 = Mast cells
-© = Neutrophils

Mersey—* = Goblet cells

A = Lymphosytes  b— = Epithelial cells
Koro = Plasmacells
X—— == = Monocytes

References: 11g,11h,12,25,40a,40c,40d,40£,41a,41b,41¢,41d,41i,72,72a,72c,121b,121)
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Fig. 32e.
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The mean NPG values recorded after the allergen challenge pretreated with BSA with respect to the control NPG values
(PBS), calculated from 16 positive LNAs. The mean changesin the countof the individualcell types in the NSs were
calculated from 16 positive LNRs,
| « Initial values; PBS = Conirol challenge; ALL = Allergen challenge.

  
Aceuaseant a =LNRpretreated with BSA (n=16)

u----—- o = Eosinophils

h-—---- 4 = Basophils
4 “$= Mast cells
° + Neutrophils

* ~ Goblet cells
m = Lymphocytes

Bo = Epithelial cells
x -* = Plasmacells
k—--—--. » =Monocytes

References: 11¢,11h,12,25,40a,40c,40d,40f,4 1a,41b,41¢,41d,41i,72,72a,72c,121b, 121}
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The mean NPG values recorded after the non-pretreated and pretreated nasal responses, with respect to the appropriate PBS
control (Phosphate Buffered Saline) NPG values, were always calculated from 18 patients developing 18 positive immediate
nasal responses (INR).
| = Initial values; PBS = Control challenge; ALL « Allergen challenge.

e@ =Non-pretreated INR
= =INRpretreated with DSCG

«= 4 =INA pretreated with BUD
+x =PBS control challenge

  

 

  

References: 10,11,11a-1le,11g,14,20,40a,41a,41¢,41i,71,72a,72c,72d
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Fig. 33b.
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The mean NPGvalues recordedatter the non-pretreated allergen challenge with respect to the control NPG values
(PBS)calculated from 18 positive INRs. The mean changes in the countof the individual cell typesin the NSs were
calculated from 18 positive INRs.
| = Initial values; PBS » Control challenge; ALL = Allergen challange.

 ® = INR positive immediate nasal response (n=18)

  

   
 

Db -© = Eosinophils
4- -& = Basophils
(== ~$ = Mastcells
ASS© = Noutrophils
x =" x = Goblet cells
He--—-~=- = Lymphocytes
om ~- = Epithelial cells
"— - * = Plasma cells
Hae x = Monocytes

References: 10,11,11a-11e,11g,14,20,40a,41a,41¢,411,71,72a,72c,72d
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CYTOLOGIC CHANGESIN NASAL SECRETIONS(NS) DURING THE
CONTROL CHALLENGE WITH PHOSPHATE BUFFEREDSALINE(BPS)
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The mean NPG values recorded after the PBS control challenge with respect to theinitial NPG values, calculated trom
18 pationts developing the positive (INA). The mean changesin the countof individualcell typesin the NSs were
calculated from 18 PBS control challenges.
| = Inital values; PBS = Control!challenge.

   
x = PBS control challenge (n=18)

-0 = Eosinophils
4 = Basophils

4-———--4 =Mast cells
t=© = Neutrophils
Koon X= Goblet cells
bs —-B =Lymphocytes

  

 

~« = Epithelial cells
3% = Plasma cells

Weoseecinee or x = Monocytes

References: 10,11,11a-1le,11g,14,20,40a,41a,41¢,41i,71,72a,72c¢,72d
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Fig. 33d.
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CYTOLOGIC CHANGESIN NASAL SECRETIONS (NS) DURING THE
IMMEDIATE NASAL RESPONSE(INR) PRETREATED WITH DISODIUM

    

CROMOGLYCATE(DSCG)

4 P| r) Count of

4 the cells

Lobo

| bob

| - ++

Le

A | is

aq] ire

1 ahae

7 T
  

 

 

-42 -32-28 -18-14 -40 10

I pest oscet aut

__Minutes before ,_minutes atter challenge
t t >

The mean NPG values recordedafter the allergen challenge pretreated with DSCG with respect to the contro! NPG values
(PBS), calculated from 18 positive INRs. The mean changesin the countof the individualcell types in the NSs wero
calculated from 18 positive INRs-
| Initial values; PBS = Control challenge; ALL = Allergen challenge.

teen= = INR pretreated with DSCG (n=18)
o————+= Eosinophils
a4 = Basophils
4-—-—--—-) = Mast cells
o—--=-- © = Neutrophils
Kone* = Gobletcelis

= Lymphocytes
= Epithelial cells
= Plasma cells
= Monocyies

 

References: 10,11,1la-lle,11g,14,20,40a,41a,41c,41i,71,72a,72¢,72d
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Fig. 33e. CYTOLOGIC CHANGESIN NASAL SECRETIONS(NS) DURING THE IMMEDIATE
NASAL RESPONSE(INR) PRETREATED WITH BUDESONIDE(BUD)

AP in 24 4
cm H2O | | |

20 5

185

16 +

14 4

125

104 S i

8 =

Gg q
6 4

a ay aba

Z |
0 | aaa 4 “2

2 1 T   

 

Count o'
the cells

Lhe

tt

~ ++

 
 

-42 -32-28 -18-14 -40 10

I east suot auf

, Minutes before minutes atter challenge

The mean NPG values recorded after the allergen chalienge pretreated with BUDwith respect to the control NPG values
(PBS), calculated from 18 positive INAs. The mean changesin the countof the individual cell types in the NSs were
calculated from 18 positive INRs.
| = Initial values; PBS = Control challenge; ALL = Allergen challenge.

 

Metnewases,4 =INA pretreated with BUD (n=18)
o-—-—- © = Eosinophils
Soe 4 = Basophils
4-mm=- = Mast calls
o-——-—-0 «Neutrophils
x x. = Goblet cells
Mw=Lymphocytes
o -— ® = Epithelial cells
yo ¥ = Plasmacells
x#———---% = Monocytes

References: 10,11,11a-11¢e,11g,14,20,40a,41a,41¢,41i,71,72a,72c,72d
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Fig. 34a.
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THE DELAYED NASAL RESPONSE (DYNR) TO ALLERGEN CHALLENGE
AND PROTECTIVE EFFECTS OF DISODIUM CROMOGLYCATE(DSCG)
AND BUDESONIDE(BUD)
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The mean NPGvalues recordedafter jhe non-pretreated and pretreated nasal responses, with respect to the appropriate
PBS (Phosphate Buffered Saline) control values, were always calculated from 12 patients developing 12 positive DYNAs.
| = Initial values; PBS = Contro! challenge; ALL = Allergan challenge,

e——-e =Non-pretreated DYNR
s----—) = = DNRpretreated with DSCG
A snaewees « = DNRpretreated with BUD
Xsvoese% = PBS control challenge

References: 13,13a-13c,40a,41i,72a
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CYTOLOGIC CHANGESIN NASAL SECRETIONS(NS) DURING THE
NON-PRETREATED DELAYED NASAL RESPONSE (DYNR)

   

 

     rE Ps 4 f
KI AY%, v 7. NS \/       a VF NS % é iEmm fol Sppeadietperaiemibegiegiengteietlents

Countof
the cells

Loft

ae

oh

LE ++

 

   

   
 ; iene tee lel

-40 60-28 -18-14

I pest aut

; time in minutes time in hours re

Jb
[etal ! q | !

12 24 26 28 30 32 34 36 48 50 52 54 56

The mean NPG values recorded after the non-pretreated allergen challenge with respect to the control NPG values.
(PBS), were calculated from 12 positive DYNRs, The mean changesin the countof the individual cell types in the NSs
were calculated from 12 positive DYNRs.
| = Initial values; PBS = Control challenge; ALL = Allergen challenge.

eo ———-e = DYNR non-pretreated delayed nasal response (n=12)

  

    

o--——--= Eos!nophils
aime, 4 = Basophils
4---——-h = Mast cells
o- -@ =Neutrophils
+ «% = Goblet calls
K-- ~§ = Lymphocytes
G ~u-——- = Epithelial cells

- * = Plasma cells
k——x == Monocytes

References: 13,13a-13¢,40a,41i,72a
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Fig. 34c.
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CYTOLOGIC CHANGES IN NASAL SECRETIONS(NS) DURING THE
CONTROL CHALLENGE WITH PHOSPHATE BUFFEREDSALINE (BPS)
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The mean NPG values recorded after the PBS control challenge with respectto the initial NPG values, were calculated
{rom 12 patients developing the positive DNA. The mean changesin the countofthe individual cell types in the NSs were
calculated from 12 PBS control challenges.
| = Initial values; PBS = Contral challenge

x =PBScontrol challenge (n=12)}

 

—-0 = Eosinophils
===4 = Basophils
h-—--—-A = Mastcells
ae9 = Neutrophils
%---——~—X = Gobletcalls
~~~ = Lymphocytes

® = Epithelial cells
x = Plasma calls

Ko x = Monocytes

 

  

References: 13,13a-13c,40a,41i,72a
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CYTOLOGIC CHANGESIN NASAL SECRETIONS (NS) DURING THE
DELAYED NASAL RESPONSE (DYNR) PRETREATED WITH DISODIUM
CROMOGLYCATE (DSCG)

          

 

| (] ] Countof

4 } the cells

} rabsbep

oo

Lobe

Ly

8 4 }

* ¥ if

i a
p+

oft
= Me has ee

T T + Teel al pal) ne TT eal cae wel

-42 -32-28 -18-14 -40 60 2 6 12 24 26 28 30 32 34 36 48 50 52 54 56

past pscf auf

\ time in minutes lime in hours

The mean NPG values recorded atterthe allergen challenge pretreated with DSCG with respectto the control NPG values
(PBS), were calculated from 12 positive DYNRAs. The mean changesin the count of the individualcell types in the NSs were
calculated from 12 positive DYNRs.
| = Initial values; PBS = Control challenge; ALL = Allergen challenge.

 

s----- = = DYNApretreated with DSCG delayed nasa! response (n=12)
o----- = = Eosinophils
oars 4 = Basophiis
Ann"& = Mast calls

= Neutrophils
= Goblet cells
= Lymphocytes
= Epithelial cells

scan » Plasmacells
x—* =Monocyles

References: 13,13a-13¢,40a,41i,72a
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Fig. 34e.
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Fig. 35. SURVEY OF THE BASIC PATTERNS (TYPES) OF THE CHANGESIN THE

EOSINOPHILS' COUNT IN THE NASAL SECRETIONS DURING THE

NASAL PROVOCATION TESTS.

CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE DELAYED
NASAL RESPONSE (DYNR) PRETREATED WITH BUDESONIDE (BUD)
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The mean NPG values recordedafter the allergen challenge pretreated with BUD with respect to the control NPG values
(PBS), were calculated from 12 positive DYNRs. The mean changes in the countofthe individual cell types in the NSs were
calculated from 12 positive OYNRs.
| = Initial values; PBS = Control challenge; ALL = Allergen challenge,

  

enemenens a = DYNR pretraaied with BUD delayed nasal response (n=12)
o-—-——- © = Eosinophils
4----- 4 = Basaphils
‘SSF4 =Mastcells
oS© = Neutrophils
X ——-wees X= Gablet cells
n- ~f = Lymphocytes
Bon--—- © = Epithelial cells
X wmnen—ee Plasma cells
Ko x = Monocytes

References: 13,13a-13c,40a,41i,72a
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noglobulins and other compounds, such as chemotactic factors, mediators and a variety
of other products, synthesized and released during the mechanism(s) underlying the
LNR.bf11h,25a,34,41b,41f41i,48,53,54,73,78,82d-82),84,85,86-91,93,94,95a,97b,976,97v

The immunoglobulins,total IgE, antigen-specific IgE, total IgG, and IgA (sometimes

IgM), have already been repeatedly demonstrated in the nasal secretions of patients
suffering fromallergic rhinitis in both the perennial and seasonal forms.3®.84,85.86-92
However, most ofthese studies have been carried out as a single determination of these

immunoglobulinsin NS and they have not beenrelated to a specific allergen. Some
investigators have provided evidence for a local production of IgE, IgA, and IgG antibo-
dies in the nasal mucosa.36:46,84,86, 87, 90,91 Moreover, the local production of immu-
noglobulinswassignificantly higher in subjects with allergic rhinitis.59-99-9!

Studies dealing with the determination ofthe particular immunoglobulin classes in

the NS during the immediate nasal responseto allergen challenge are only very few.2,92
The changesin concentration ofthe particular immunoglobulins in the NS during

the LNR,ina sufficiently large groupofpatients, have to our knowledge, not yet been
investigated.
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In somepatients (n = 24), developing an isolated form of LNR, in whomthe cytolo-
gic changes in the NS were studied,?5 we also have determined thetotal andspecific IgE,
total IgG, total IgM and total IgA immunoglobulins in the NS before and, repeatedly,
after the allergen challenge, as a preliminary investigation.41> Thetotal IgE immunoglo-
bulins were found in 2 patients (= 8.49%), allergen-specific IgE in another 3 (= 12.5%),

IgG in 11 (= 45.8%), IgM in 1 (= 4,2%) and IgA immunoglobulins in | patient (= 4.2%).

The concentrationoftotal Igk, specific IgE, and total IgA immunoglobulins did not
changein anyof the subjects during the LNR, while the concentration of IgG decreased
during the LNR in 8 (= 33,3%) patients and returned to the baseline within 12 to 24h
after the resolution of the clinical response (Table 38).

In anotherpreliminary study,25*416411 including 74 patients developing anisolated
form of LNR,final data ofwhich have not yet been published, we have determined the
concentration of antigen-specific IgE in the NS before andat3, 6, 9, 12 and 24 hours
after the allergen challenge. The specific IgE antibodies against the particular allergen as
thateliciting the LNR, have been found before the allergen challenge in only 7 cases (=

9.5%), and that to a low degree; in 5 cases of 0.35-0.70 U/ml andin 2 cases of0.70-3.50
U/ml. No significant changes in the concentration ofthe specific IgE have been recor-

ded during the LNRin these 7 patients. In another 4 subjects (=5%) with non-detecta-

ble concentration ofspecific IgE antibodies before the allergen challenge, these antibo-
dies have been detected duringthe clinical LNR,at 6 and 9 hours, however, only to a

slight degree (class 1) (Table 39).

Table38 Presence and changesin the concentrationsofparticular immunoglobulins in

the nasal secretions (NS) duringthe late nasal response (LNR), negative nasal

response (NNR) and PBScontrols.
 

Changes in the immunoglobulin
concentrations during the
appropiate nasal response

Presence of immunoglobulins
 

 

LNR NNR PBS

(n=24) {n=20) (n=24) LNR NNR PBS

Total IgE 2 (8.4%) 0 1 (4.2%) 0 0 0

Antigen-

specificlgE 3(12.5%) 1 (5.0%) 1 (4.2%) 0 0 0
Total IgG 11(45.0%) 1 (5.0%) 6 (25.0%) 8 (33.3%)* 0 0

- IgGl 0 0 0 0 0 0
- IgG2 7(29.1%) 0 2 (8.4%) 0 0 0

-IgG3 5(20.8%) 0 1 (4.2%) 0 0 0

-IgG4 0 0 0 0 0 0

Total IgM 1 (4.2%) 0 1 (4.2%) 0 0 0

Total IgA 1 (4.2%) 1 (5.0%) 1 (4.2%) 0 0 0
 

PBS = Phosphate buffered saline; * = increase
References: 25a, 41b, 41i
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The mediators, also called ”inflammatory mediators”, chemotactic factors and other
compounds(products or constituents of various types ofcells), appearing in the NS

during the clinical LNR,haveattracted the attention of manyinvestigators, especially
during recent years, and manyinteresting studies have been published on these topics.
34,35¢,47,48,48b,48d,48¢,49,51 c,52-57,82,82b,82d,82e,82h,82}, 83,91-95, 97b-97e

Naclerio,53.54 Bascom,34 Togias,>683 Iliopoulos,>!© Walden,?4 MacGlashan97¢ and

their colleagues, using the nasal lavage technique, have repeatedly recorded increased
concentrations ofhistamine, kinins and TAME-esterase (N-«.-tosyl-L-arginine methyl-

ester) in NS during the LNR, whereas during the INR they have foundincreased con-

centrations notonly ofhistamine, kinins and TAME-esterase, butalso of prostaglandin
D, (PGD,). Freeland and colleagues*?s97« have detected an increased concentration of

leukotriene B, (LTB,) in NS during the LNRas well as during the INR.
Gert van Wijk 35¢ has recorded an increased concentration ofhistamine, LTC,/D,

and albumininthe nasal lavage fluid 3-10 hoursafter the nasal challenge with allergen.

However, in mostofhis patients the late appearanceofthe nasal obstruction (clinical

LNR)has not been confirmed by rhinomanometry.

Table 39 Presence ofthe antigen-specific IgE antibodies (RAST) in the nasal secretions

(NS) before and their changes during the late nasal responseto allergen

 

 

 

challenge (LNR).

Changes in the concentration
Sioenea nk during the LNR

LNR specific IgE before increase decrease no changes
n=74 the allergen challenge (appearance) (disappearance)

Group| (n=7) 7 {=9.5%) - - 7
GroupII (n=4) 0 4 (=5.4%) - -
GroupII] (n=63) 0 . =
 

0 = no case; - = not relevant
References; 41f, 41i

Togias and co-workers,®3 Pipkornandcolleagues 95 and Naclerio andcolleagues 9+

havereported the recording also of other leukotrienes (LTC,, LTD, LTE.) in NS
during the LNR. However,there is a dearth of moredetailed information concerning

this topic. Bascom and co-workers48.97> have founda significant increase in the con-
centration of major basic protein (MBP) in NS during both the LNR and the INR,

correlating with the eosinophil influx into the NS. Moreover, they also have measured a
significantincrease in the concentration of eosinophil-derived neurotoxin (EDN) in NS

during the LNR. Togias and colleagues5® have detected bradykinin and lysylbradykinin
in the NS during both the LNR and the INR. Bisgaard and colleagues 82) and Davies and
co-workers 97have recordeda significant increase in concentration ofthe eosinophil
cationic protein (ECP) in nasal secretions during the LNR (6-24 hoursafter the nasal

challenge with grasspollenin the grasspollen-sensitive subjects), while they did not
detect any significant ECP changes during the INR. Most ofthese studies, however,
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concern a small numberofsubjects and noclinical course ofthe LNR (=nasal obstruc-
tion) has probably ever been recorded.

Wehavealso investigated the concentration ofhistamine andits changes in NS

during the immediate,late and delayed nasal response to allergen challenge (Tables

18,19).!* In contrast to other investigators’ results,3+:51¢53.54 we have not detected

histamine in the NS during most cases of LNR, whereas we have recorded mainly
increases in the histamine concentration during 67% of INRcases (‘Tables 18,19;
Figures 19-21), 116 11j41b,41i

Moreover, no increase or changes in the concentrations of histamine in the blood

plasma have beendetected byus during the INR, LNR or DYNRtoallergen challenge
(Table 17).97¥

Finally, Skoner andcolleagues?! have measuredan increased concentration of neu-
trophil chemotactic factor (NCF), histamine and prostaglandin (PGF,,,) metabolitesin

the serum, during the LNR.

3. BIOCHEMICAL AND BIOPHYSICAL ASPECTS

Biochemical and biophysical characteristics of the NS have been summarized very
comprehensibly by Mygindand colleagues73:85 They comprise not only the composi-

tion of NS,suchas ratio andparticipation of products of various secretory elements in

the nasal mucosa (serous and sero-mucousglands, gobletcells etc.) and additional

fluids, e.g. condensed expiratory water, plasma transudation,secretions ofparanasal
sinuses andtears; but also other properties of the NS, suchas color, transparency,

consistency, viscosity, dilution, density, pH, and a variety of chemical components
(electrolytes, proteins, sulphates, sugarsetc.).
Regarding the preliminary results ofthese investigators, the originof nasal secretions

maypartly be due to the glandular secretions, partly due to the transudation from
plasma, andpartly due to the additionalfluids.73.978-97h Brofeldt and colleagues®7g.97h,

studying the NSin a groupofpollen-sensitive rhinitis patients, have measured an

increasedviscosity of nasal secretions after an allergen challenge, as compared with the
baseline, whereas the viscosity of nasal secretions had decreasedafter the histamine and

even moreafter the methacholine challenge. They have also found qualitative similari-
ties between the nasal secretions and sputum, except for the dry weight sugar and
protein content, being considerably lowerin the NS. The albumin has been found in
similarlevels in NS and bronchial secretions, a fact which may indicate a comparable

degree of transudation from the plasma. Raphael and co-workers,°7i investigating the
NSafter an allergen challenge, have measured an increased concentrationofthetotal
protein in bothipsilateral and contralateral nasal secretions, an increased proportion of
albuminrelative to the total protein (the albumin percent) on theipsilateral side, and

increasedrelative proportions of lactoferrin and lysozyme(the lactoferrin percent and
lysozymepercent) on the contralateral side. However, most ofthe investigations con-
cerning the biochemical and biophysical aspects and properties of the NS have been
performed either during the allergen-induced INR972-97i, or after the challenge with
histamine or methacholine97b;97i or after other non-specific stimuli.85 Similar bioche-

mical and biophysical properties ofNS and their changes during the LNR have, howe-
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ver, notyet been investigated to our knowledge.
In some patients developing the LNR(n = 12)as well as the INR (n = 14) we also

have examined the biochemical and biophysical properties of NS.!2-41i During the

LNR,theviscosity of the NS increased approximately 7 times with respect to that

measured during the INR, the density increased approximately 3 times, pH showed a

slight increase in acidity, albumin concentration increased about twice, whereas the
total protein concentration did not demonstrate any significant changes.

Our results should, however, be regarded as preliminary only, and more systematic

attention shouldbe paid to the biochemical and biophysical properties of NS during LNR.

H. BIOPSY OF THE NASAL MUCOSA
The biopsy of the nasal mucosa during the particular types of nasal response andits

histological examination, seemsto usto be a very important diagnostic parameterfor
the evaluation of the pathological changesin the nasal mucosatissue, accompanying the

appropriate type of nasal response, andalso a very interesting research techniquefor

studying the immunologic mechanisms underlying the particular types of the nasal re-
sponseto allergen challenge. However,like several other very useful techniques, the
biopsy ofthe nasal mucosa has some disadvantages concerning both the technical as-
pects, such as use of the topical anaesthetic drugs and their influence on the histologic

changesin the tissue, the choice of the biopsy instruments andthe location where the

tissue samples should be taken, the techniqueof the processing ofthe tissue, and the
interpretation aspects. Finally this techniqueis not totally withoutrisk for the patient,
e.g. bleeding.

Several papers dealing with the biopsy and histological changes ofthe allergic nasal
mucosa have already been published.40148¢,51b,74,75,85,976,97)-97u,97z

The studies concerning the biopsy ofthe nasal mucosarelated to a certain allergen are
not numerous.48651b,97)-97p,97s Only very few studies include the biopsy performed be-
fore and repeatedly after the nasal challenge with an allergen, during the registration of
the nasal mucosa response,?7t and moreoyer, they predominantly concern the INR.97t
However, there is a dearth of information concerning the histological changes in the

nasal mucosa during the LNR. Wehave been unable to find anypaperon this topic in
the available literature.

According to our preliminary findings? and somelater studies, results ofwhich have
beenrecently published,41-96.97 the following histologic changes have been found in the
biopsies of nasal mucosa during the LNR, as compared with the ’pre-challenge” base-
line: (1) the edematic epithelium showed diminished compactness, enlarged intercellu-
lar spaces and somebreachesfilled with fluid; some epithelial and goblet cells have been
expelled and left empty holes in the epithelium;(2) the compactness ofthe basement
membranehas been foundto beirregular and with single breaches; (3) the edematic

sub-epithelial layer of the lamina propria contained mixed cosinophil-neutrophil
infiltrates and single mastcells, basophils, monocytes and lymphocytes; (4) the lamina
propria showed a perivascular edema,dilatation ofthe terminal parts ofthe capillaries
and sporadical rupture ofthe small capillaries with erythrocyte expulsion [Table 40;
Figures 36a, 36b; Plate 20 (page 368)].

lil



 

The late nasal response

Thehistological changes having been recorded in the nasal mucosa during the LNR
differed distinctly from those observed by us during both the INR (Table 41; Figure
37)2,9697a and the DYNR (Table 42; Figure 38).9¢ The changes in the nasal mucosa

during the INR have been pronounced to a slight degree only and can be qualified to be
of a "functional” and/or ’transient” character, while those found during the LNR have

beenlargely pronounced and included slight, howeverreversible, tissue damage ofthe
nasal mucosa with some inflammatory components.

In contrast, the histological changesin the nasal mucosa having having been recorded

during the positive DYNR represented damage of the nasal mucosa upon involvement
ofthe distinct inflammatory component. Nevertheless, this damage of the nasal mucosa
tissue may also be considered to be ofa reversible character.

Table40 Histological changes in the nasal mucosa (= biopsy) during the late nasal

response (LNR) - as compared with the “pre-challenge” findings
 

edematic epithelium with diminished compactness
enlargedintercellular spaces and breachesin the epithelium
expelled epithelial and goblet cells
the epithelial surface shows empty holes
irregular compactness of the basement membrane with single breaches
edematic sub-epithelial layer of the lamina propria containing mixed eosinophil-, neutrophil
infiltrates and single basophils,tissue mastcells, monocytes and lymphocytes
perivascular edema in lamina propria with dilated, sometimes disrupted,capillaries and
sporadical erythrocyte expulsion

e
e
o
o
o
o
e

°

 

These changesrepresenta slight damageofthetissue
 

Table41 Histological changes in the nasal mucosa (= biopsy) during the Immediate
nasal response (INR) - as compared with the “pre-challenge”findings
 

® increased amountofthin serous secretions on the epithelial surface
® enlarged ducti ofmucosal glands
® enlarged intercellular spaces in the epithelium
® eosinophil and tissue mast cell accumulation, but notinfiltrate forming, in the upper

layer of the laminapropria (approximately 30% of eosinophils and 80%ofmast cells
were degranulated)

@ dilated, but not disrupted, capillaries and a slight perivascular edema in the lamina propria (as
far as this could be evaluated)

@ the basement membranewas intact(not affected)
 

These changes are of a “functional” and transient character
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Table42 Histological changes in the nasal mucosa (= biopsy) duringthe delayed nasal

response (DYNR)- as compared with the “pre-challenge”findings.
 

edematic epithelium showing decreased compactness
enlarged intercellular spaces, breaches and empty holesin the epithelium
expelled epithelial and goblet cells
diffuse hemorrhages in the epithelial layer
distinct edemaofthe sub-epithelial layer
several breaches in the basement membrane

perivascular edemaandinfiltrates in the upperlayer of the lamina propria formedby poly-
morphonuclear leukocytes, predominantly neutrophils and small lymphocytes, sometimes also
plasmacells
disrupted wall ofseveral capillaries accompanied sometimes by expulsion of erythrocytes into
the perivascular tissue.

F
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These changes representa distinct damageofthe nasal mucosadueto a distinct inflammatory
component.
 

Fig. 36a. HISTOLOGY OF NASAL MUCOSA DURING THE LATE
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Fig. 38. HISTOLOGY OF NASAL MUCOSA DURING THE DELAYED
NASAL RESPONSE

Cells in +++ = : 9

tissue i

++ 20H

bo

++ 4 27 KO

 

 

 q

-60 3 0 32 hrs.

' t '
BASELINE ALLERGEN Maximum

CHALLENGE of the DNR

Appearanceofparticular cell types in the nasal mucosa before and during the “Isolated delayed
nasal responseto allergen challenge” (IDYNF; n=6).

o ——=-—0 =Eosinaphils
o—=-—— 0 = Neutrophils
S—---— 4 «= Basophils
4———- 4 =Mast cells

= Epithelial cells
= Goblet calis
= Lymphocytes
= Monocytes

) = Plasmacells

 
References: 96

116

Thelate nasal response

If]. LATE NASAL RESPONSE TO FOOD

The LNR caused by adverse reactions to foods” (the foodallergy being one of the
suspect mechanisms), should be regarded as a special form ofthe late~phase reaction
(LPR)in the nose (‘Table 43; Figures 39,40) .2627a,37,40a,41,41b,41e,41g,411

1. THE ROLE OF FOODS AND FOOD ALLERGYIN ALLERGIC DISORDERS

Therole of food allergy and of food in general, in subjects with various allergic disor-
ders, especially in patients with nasal symptomsand complaints,is still underestimated
bythe clinicians.2° The participationof foods in patients with allergic rhinitis and the
involvement through the hypersensitivity as one of the possible mechanisms, has alrea-
dy beendiscussedin theliterature.98-104 However, until now only few papers dealing
with the nasal response due to food ingestion challenge have been published. 2627257,
40a,41,41¢,41i,101,104

Therole of foodsin variousallergic disorders has been a topic of our research and
clinical interest for several years. We have studied the involvementoffoods in patients

with allergic rhinitis,2°,37-40,40a,40b,41,41b,41e secretory otitis media, 2¢27@ bronchial
asthma,39-105-111,1114-11 1c urticaria, 112-114,114a atopic eczema,39:115:116,116a-116¢,117

migraine,3%117b-117¢ and other disorders,!17a-117has well as the pharmacologic modu-
lation of these responses,237-38,40,40a, 40b,106,108,1 11,1 11a-111¢,112-114,114a,116b,116¢,117,
11.7a,117¢-117@117h, 117h

2. BASIC TYPES OF NASAL RESPONSE TO FOOD INGESTION

Theexistence of variousclinical types of nasal mucosa responsedueto the food in-

gestion challenge has probably been reported forthefirst time by us,2637-41.117 andis
extensively described in our previous and recent papers.38-40.40a,40b,41,41b,4le
Three basic types of nasal response, following the food ingestion challenge, have been

recorded by us: (1) an immediate response [INR], occurring within 70 min, with a peak
within 105 min andresolving within 180 min; (2) a late response [LNR], appearing
within 6 hrs, with a peak within 10 hrs and resolving within 24 hrs; (3) a delayed res-
ponse [DYNR], beginning within 24 to 28 hrs, with a peak within 32 to 36 hrs and
resolving within 48 to 52 hrs after the food ingestion challenge (Table 44; Figures 39,40,
41,42).26, 37,41,117

LNR to food has been recorded either as anisolated late response (ILNR) or as a dual
response (DLNR), being a combination of an immediate anda late nasal response
(Figure 40) ,26,37,40,41

The LNRoccurs in approximately 47% ofthe patients with allergic rhinitis, in whom

the foods participate in the nasal complaints.*!
Theclinical description ofLNR to foodin detail,its relationships and correlation with

particular ”in vivo” and ”in vitro” diagnostic parameters, symptoms and other organs’

reactions, the diagnostic procedures, including oral provocation with foods and the
pharmacologic modulation and treatment, have already been extensively described in
our previous papers.26 41,41b
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Table43 Surveyofthe disorders caused by foods, their ingredients orfactors relating

to them, which can lead to symptomssimilar to those due to the foodallergy

mechanism.
 

Idiosyncrasy
Intolerance (e.g. enzymatic)
Non-specific hyperreactivity (e.g. histamine or other mediatorliberators, food additives)
Toxicity
(a) by non-controlled chemical compounds(e.g. insecticides, contaminants)
(b) by micro-organisms
(c) by products of micro-organisms

— bacterial toxins
— mycotoxins

(d) by controlled chemical compounds exceeding their permitted threshold; or by permit-
ted amounts of these compounds in individual subjects having increased susceptibility
to these compounds(e.g. disinfectants) due to other metabolic disorders

Adverse non-immunological reaction to additives (controlled chemical compounds)

(a) preservation and conservation compounds
(b) colouring compounds
(c) flavouring compounds

(d) consistency correcting compounds, emulsifiers and stabilizers
(e) antioxidants
(f} adjuvants

6. Psychological disorders

References : 11h,26,27a,40a,41,109,111b,111¢
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Table44 The time-courseofthe individualclinical types of nasal response to the food

ingestion challenge.
 

 

 

Onset Maximum Resolving

Immediate 10-20 minutes 30-45 minutes 90-120 minutes
Late 4-6 hours 6-10 hours 12-24 hours
Delayed 24-28 hours 32-36 hours 48-52 hours

The timeis expressed in minutes or hoursafter a 60-minute waiting interval following the foad
ingestion challenge.
References: 26,40,40a,41,117f

3. “LNR” TO FOOD AND OTHER DIAGNOSTIC PARAMETERS

The LNRto food has been associated with other ”in vivo” and ” in vitro” diagnostic
parameters andfactors as follows(Table 45):26.41 (1) positive disease history in 29%;

(2) positive late skin response in 48%; (3) increased total serum IgE (PRIST) in 0.5%;

(4) positive specific serum IgE in 1.5%; (5) increased total IgG in serum in 24%,total

IgMin 10%and total [gA in 1%; (6) increased blood eosinophil countin 8% and

leukocyte count in 9%; (7) appearance of nasal mucosa: hyperemic aspect in 23%,

violaceous aspect in 76%; (8) nasal mucosa haemorrhagesin 21%; (9) nasal symptoms:

obstruction in 96%, hypersecretion in 14%, sneezing in 0%,itching in 51%; (10),
changesin the nasal secretions count ofeosinophils in 63%, of neutrophils in 70%,
goblet cells in 51%and epithelial cells in 46%.

118
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Table45 Theassociationofthe particulartypes of nasal response to foodingestion

challenge with other "in vivo" and "in vitro" diagnostic parameters.

Nasal mucosa response to food ingestion
 

 

 

Immediate Late Delayed Negative
(n=267) (n=203) (n=164) (n=309)

Positive skin response - immediate 146 48
- late 98 11
- delayed 69 3

Increase in total serum IgE (PRIST) 11 1 0 3
Increasein specific serum IgE(RAST) 38 3 l 4
Increase in blood eosinophils 14 17 2 2
Increase in blood leukocytes 10 38 11 3
Aspects of the nasal mucosa:

hyperemia 197 48 l 5
violaceousaspect 70 155 163 0

Nasal mucosa haemorrhages 0 42 72 0

Nasalsecretions —
Changes in countof:

eosinophils 201 128 53 21
mastcells/basophils 53 30 6 0
neutrophils 108 142 151 15
goblet cells 39 103 114 2
lymphocytes 9 5 146 0
epithelial cells 17 93 158 3
 

References ; 11h,26,40,40a,41,109,117£

4. “LNR” TO FOOD AND OTHER ORGANS'SYMPTOMS

The LNRto foodhasalso beenregularly accompanied by other organ symptoms,
such as conjunctival injection,otalgia, pressure in the sinuses, general malaise com-

plaints, fatigue syndrome, cephalgia, gastro-intestinal complaints (nausea, vomiting,

diarrhea),!48,26,40a,41,41g and sometimes also bronchial obstruction,2®*! migraine,>%

117e or other symptomsor complaints [Table 46; Figures 41b,43; Plates 21a-21c, 22a-

22c (page 369)]. 117a-117h

5. PHARMACOLOGIC MODULATION OF THE “LNR” TO FOOD

The pharmacologic modulation ofLNR due to food ingestion challenge has also been
studied by us,26.38,40,40a,40b,117h,117i Disodium cromoglycate (DSCG, Nalcrom®), in a
daily oral dose of 4 x 200 mg, has demonstrated highly significant protective effects both
on the LNR (p < 0.01) and on the INR (p < 0.01), whereasit has protected the DYNR

toa slight degree only (p $ 0.05) (Figures 40b,41¢,42c),2638,40,40a,40b

In contrast, we have found thatthe oral antihistamines (H,-, H,-receptor antago-

nists) as well as the nasal topical glucocorticosteroids have notbeen able to prevent
significantly either LNR or INR to the food ingested.118 Furthermore, the oral gluco-
corticosteroids (GCS) have prevented the food-related LNR (p < 0.02), but not the INR
(p > 0.05), whereas the intravenously administered glucocorticosteroids (GCS) have
prevented significantly LNR (p < 0.02) and have also partly influenced INR (p = 0.05)

(unpublished data of the author).
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Table46 The nasal complaints and the otherorgans' responses accompanying the
particular types ofthe nasal responseto food ingestion challenge.

Nasal mucosa response to food ingested
 

 

 

Immediate Late Delayed Negative
(n=267) (n=203) (n=164) (n=309)

Nasal complaints
obstruction 267 203 164 0
sneezing 19 1 0 |
hypersecretion 193 166 39 16
itching 181 75 145 13

General malaise complaints 22 54 49 l
Conjunctival irritation 35 18 6 0
Middle ear response (otalgia,

decrease in hearing, changes

in middle ear pressure) 31 19 13 10
Pressure in the sinuses (maxillary

and frontal, acute edema

of sinus mucosa) 45 32 33 7

Cephalgia 56 91 125 42
Urticaria 4 7 8 5
Angio-neurotic edema(labial, 9 6 3 3

palpebral or elsewhere)
Increase in body temperature 4 21 1 0
Bronchial complaints 13 15 12 8
Other complaints 2 1 2 0
 

References: 11h,26,40,40a,41,117f
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Fig. 40a.
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THE LATE NASAL RESPONSE(LNR) DUE TO THE FOOD INGESTION CHALLENGE
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The mean NPG values, recordedafter the non-pretreated food ingestion challenge and the control ingestion challenge with
indifferent food, were calculated fram 14 patients.
| = Initial value (mean); PBS = Control challenge with Phosphate buffered saline (mean), Statistical significance of
differences: + = p=0.05; * = p<0.05; «* = p<0.01; ««« =p<0.001-

2: © = Non-pretreated LNA (n=14)
X cncewen ence x = Control ingestion challenge (n=14)

 

References: 11g,11h,14g,26,27a,37,38,40,40a,41,41b,41e,41g,41i,117e-117h
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Fig. 40b. PROTECTIVE EFFECTS OF ORAL CROMOLYN (DSCG) ON THE LATE NASAL

RESPONSE(LNR) DUE TO THE FOOD INGESTION CHALLENGE
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The mean NPG values, recorded after the food ingestion challenges pretreated with oral Disodium cromoglycate {Cromalyn,
DSCG)and with Placebo, were calculated from 14 patients.
| = Initial value (mean); PBS = Phosphate buffered saline (mean), Statistical significance of the differences (protective effects
of DSCG with respect to the Placebo): + « pa0.05; *= p<0.05; #* = p<0.01;*** = p<0,001,

 . * =LNRpretreated with oral DSCG (n= 14)
A se ennnwen en 4 =LNRpretreated with oral Placebo (n=14)

References: 1 1h,14g,26,27a,37,38,40,40a,41,41b,41¢,41¢,41i,117e-117h
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Fig. 41a. IMMEDIATE, LATE AND DUAL LATE NASAL RESPONSE TO THE FOOD
INGESTION CHALLENGE
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Mean nasopharynx-nostril pressure gradient (NPG) values recorded after the tood ingestion challenge were calculated

from all patients developing the sametype of the nasal response (NA).

= isolated immediate NR (n=10)
= Isolated late NA (n=15)
= Dual late NR (n=6)
= Control food challenge (n=28)

References: 27a,27b,41g

124

  
Fig. 41b. MIDDLE EAR RESPONSE TO THE FOOD INGESTION CHALLENGES
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The tympanometric values (MEPsmiddle ear pressure in mmHaO)}were calculated from all patients with te same type
of the middle ear response (MER). The spotted area represents the normal value range of MEP.

 
o —-—--0 = Isolated immediate MER (n=17)
4a A= Duallate MER (n=10)
o———— 0 Isolated late MER (n=8)
X--------- x = Gontrol food challenge (n=28)

References: 11h,26,41g,41i
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THE PROTECTIVE EFFECTS OF ORAL DISODIUM CROMOGLYCATE (DSCG)Fig. 41c.
ON THE NASAL RESPONSE DUE TO THE INGESTION CHALLENGE WITH FOOD
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The mean NPGvalues after non-pretreated and pretreated nasal mucosa responses due to the

food ingestion challenge, with respect to the appropriate "Coca’s solution” NPG values, were

always calculated from all patients developing the same type of nasal response.

DSCG= Disodium cromogtycate-orally.

 ISOLATED IMMEDIATE RESPONSE (n=1): e@ @ =non-pretreated, o-------0 = pretreated with DSCG;
ISOLATED LATE RESPONSE (n=2): a & =non-pretreated, a-------« = pretreated with DSCG;

DUAL RESPONSE(immediate +late)(n=22): s——m =non-pretreated. o--------0 = pretreated with DSCG.

 

References: 27b,38,40,40a,41
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Fig. 42a. DELAYED NASAL RESPONSE TO THE FOOD INGESTION CHALLENGE
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Mean nasopharynx-nostril-pressure gradient {NPG)values recordedafterthe food ingestion challange, were calculated
from all patients developing the sametype of nasal response (NR).

a 4 = Isolated delayed NR {n=18)
e————e = Dual delayed NR {n=15)
X reeennnne x = Control food challenge (n=35)

 

References: 27b,41
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42b. MIDDLE EAR RESPONSE TO THE FOOD INGESTION CHALLENGE
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The tympanometric values (MEP=middle ear pressure in mmH20)were calculatedfrom all patients with te same type

of the middle ear response (MER). The spotted areaindicates the normal value range of MEP.

 & 4 =Isolated delayed MER (n=21)
o———— 0 = Dual delayed MER(n=13)
Kore enna ne x = Control food challenge (n=34)

References: 27b,38,40,40a
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Fig. 42c. THE PROTECTIVE EFFECTS OF ORAL DISODIUM CROMOGLYCATE(DSCG)
ON THE DELAYED NASAL RESPONSE DUE TO THE INGESTION
CHALLENGE WITH FOOD
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The mean NPG volves after non-pretrected and pretreated nasal mucosa responses due Yo the food ingestion choll with respect
to the appropriate control NPG values, were calculated from Gi sollacds lois Shi seek yee AF tessol ceoponan :

OSCG= Disodium cromogtycate orally.

DELAYED NASAL RESPONSE (n=6);

8——a = non-pretreated
D-——n pretreated with
CONTROL TEST [n=6}: xx

References:

129



THE LATE MIGRAINE RESPONSE(LMR) [=MIGRAINE, HEADACHE] DUE TO THEFig. 43a.
FOOD INGESTION CHALLENGE
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The mean score valuesof the "migraine headache", recorded after the non-pretreated food ingestion challenge and the
controlingestion challenge with indifferent food, were calculated from 14 patients.
1= Initial value (mean). Statistical significance of the differences: + = p=0.05; x= p<0.05; x* =p<0.01,

0 = Non-pretreated LMR (n=14)
-------- x = Control ingestion challenge (n=14)
 

o

¥---

References: 14g,26,39,40a,41,41g,117a-117h
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PROTECTIVE EFFECTS OF ORAL CROMOLYN (DSCG) ON THE LATE MIGRAINE
RESPONSE[=MIGRAINE, HEADACHE] DUE TO THE FOOD INGESTION CHALLENGE

  
 

Fig. 43b.
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The mean score of the "migraine headache", recorded alter the food ingestion challenges pretreated with oral Disodium cromoglycate
(Cromolyn, DSCG) and with Placebo (PL), were caloulated from 14 patients.
| = Initial value (mean), Statistical signiticance of the differences (=protective effacts of DSCG with respect te the Placebo):
+= p=0.05; * = p<0.05; ¥+ = p<0.01.

e =LMRpretreated with oral DSCG (n=14)
bse 4 = LMRpreireatad with oral Placebo (n=14)
 

References: 14g,26,39,40a,41,41g,117a-117h
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LATE MIGRAINE RESPONSE(LMR) DUE TO THE FOOD INGESTION CHALLENGEFig. 43c.
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The maan score values of all symptoms (headache and accompanying symptoms: photophobia, nausea, visual aura, vomiting,
dizziness, hypersalivation), recorded after the non-pretreated food Ingestion challenge and the control ingestion challange with
indifferent food, were calculated from 14 patients.
| = Initial value (mean), Statistical significance oi the differences: + = p=0.05; * = p<0.05; x = p<0.01.

oO = Nor-pretreated LMR (n=14)
x = Control ingestion challenge (n=14)

 

References: 14¢,26,39,40a,41,41g,117a-117h

Fig. 48d. PROTECTIVE EFFECTS OF ORAL CROMOLYN (DSCG) ON THE LATE MIGRAINE
RESPONSE(LMR) DUE TO THE FOOD INGESTION CHALLENGE
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The mean score values (headache and accompanying symptoms), recorded after the food ingestion challenges pretreated with

FOOD
INGESTION

coral Disodium cromoglycate (Cromolyn, DSCG) and with Placebo (PL), were calculated from 14 patients.
| = Initial value {mean}, Statistical significance of the differences (=protectine effects of DSCG with respect to the Placebo):

‘1-HOUR
INTERVAL

+= p=0.05; * = p<0.05; ++ = p<0.01.

= =LMApretreated with oral DSCG (n=14)
4 =LMRpretreated with ora! Placebo (n=14)

 

References: 14¢,26,39,40a,41,41g,117a-117h
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a Thelate nasal response

IV. PHARMACOLOGIC MODULATION OF ”LNR”

The LNRcan be preventedsignificantly (almost completely) by intranasal Disodium
cromoglycate [DSCG] (Rynacrom®, Lomusol®,Intal®, Nasalcrom®)as well as by topi-

cal glucocorticosteroids such as Beclomethasone dipropionate [BDA] (Beconase®,

Viarin®, Aldecin®, Vancenase®), Budesonide [BSA/BUD]* (Rhinocort®) or Fluticasone

[FLS] (Flixonase ®), as demonstrated in our previousclinical studies (Table 47).2-12,14,

17,21,22,27,40c-404,40f,41b,,419,41i,72a,118, 121b,1214,121)

Table47 Protective effects of basic drugs on the Immediate [INR], Late [LNR], and

Delayed [DYNR] nasal response and on the Non-specific nasal hyperreac-

tivity [N-SH] represented by the nasal response to histaminechallenge.
 

 

INR LNR DYNR N-SH

Antihistamines
H,-receptor antagonists EF = = +
H,-receptor antagonists = = = 0

H,- + H,- receptor
antagonists - - = 0

Anticholinergics
systemic (oral)(@) = - = 4

topical(b} - - - +
Calcium channel blockers 0 0 0 0
Acetylsalicylic acid 0 0 0 0
cAMP modulators 0 0 0 0

Alphas-sympathomimetics ~ - - +
Disodium cromoglycate

(DSCG, Cromolyn) +++ ++ - a
Nedocromil sodium (NDS) cee we 3% 0

Corticosteroids
systemic oral - ~ - =

- injection (iv.,im.) + + + ~
topical - +++ +++ +

Immunotherapy x - - =
 

—= Noeffect; +=slight or partial effects (without significance); += positive effects (p<0.05);

++= distinctly significant effects (p<0.01); +4++= highlysignificanteffects (p<0.001); 0= lack of

data. * Some of these drugs demonstrated significant protective effects on the INR (such as

Cetirizine, Clemastine, Chlorphenamine, Mebhydroline and recently also Loratadine), whereas

other did not (such as Ketotifen, Astemizole, Terfenadine, Leyocabastine). ** Recent prelimina-

ry data may suggest some protective effects of this drug on the DYNR. @ = Thiazinamium

hydrochloride, Oxyphenonium. (b) = Ipratropium bromide

References: 10,11,11d,11e,11h,11i,12,13,13b,14,40c-40f,41b,411,481,72d,121i,121j,122a-122d

* Budesonide has been abbreviated as BSA in ourearlier studies, whereasit

has been designated as BUD in ourlater studies
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1. DISODIUM CROMOGLYCATE (CROMOLYN)[DSCG] AND
GLUCOCORTICOSTEROIDS [GCS]

However, somedifferences have been observed by us with respect to the two sub-
forms of LNR.12 The LNR being a part of the ”dual response” has been prevented by
DSGGto a slightly higher degree than the isolated LNR,while the isolated LNR has

been prevented to a slightly higher degree by BDA or BSA/BUD thanthe LNR,being a
part of the "dual response”(Tables 48,49,50; Figure 32a, 44).12:14.41b In contrast, the

INR has been prevented highly significantly by DSCG,while it has not been affected by
BDAor BSA/BUDatall (Figures 33a, 45, 46),10.11,11e,11i,14,40b,72d,119,121d The DYNR

has been prevented highly significantly by BDA and BSA/BUD,while it has not been
affected significantly by DSCG (Figure 34a),15.15b

Noother comparative studies of the protective effects ofDSCG andtopical corticos-
teroids on the immediate and thelate nasal responseto allergen challenge have been
foundby usin theavailable literature.

Recently, we have studied the possible protective effects of intranasal BSA/BUD in 20
patients developing a LNRto nasal challenge with pigeonortropical bird dropping
extracts. !21b,121j These twenty patients, being regularly exposed to pigeons ortropical
birds, suffering from perennial nasal complaints, demonstrating suspect history, positi-

ve skin tests with the particular pigeonor tropical bird faeces extracts and positive

precipitating antibodies to pigeon or tropical bird droppings in the serum, have develo-

ped14 casesofan isolated form ofLNR and6 cases ofa duallate nasal response, being a
combinationof an immediate (INR) and a late response (LNR) as compared with

placebo, Budesonide, after a 3-week administration in a daily dose of400 mcg, has
protected highly significantly the LNR (differences BSA-placebo: 3.72; p=0.001), where-

as it has not affected the INR in any ofthe 6 cases (p>0.05) (Figure 28b).

Interestingly, the effects ofDSCG and topical corticosteroids (aerosols) on the LNR

are comparable with their effects on the late asthmatic responseto allergen challenge
(LAR), as reported both in our previous papers 63,64,67,68,68a-68c,68e-68g,121e-121h,121k

and by other investigators, 968,96b,96k, 12 11,124b,161¢,178m Moreover,the differences in
the effects of DSCG andtopical corticosteroids on INRare similar to those observed by
us in the case of the immediate asthmatic responseto allergen challenge (LAR).639479
121¢,121h

Ourfindings ofsignificant protective effects of DSCG on the INRare consistent with
the results reported by other authors,28,29-120,121 while the protective effects ofDSCG
on the LNRhavenotyetbeen sufficiently investigated by other investigators. 1214

Besides the effects of intranasal DSCG and BDA or BSA/BUDontheparticular clin-
ical types of nasal responseto allergen challenge,?:10)11,12,13,14,,40641b,41i, 72a,72d,118 we
haye also investigated the effects ofboth the drugs on the appearance ofindividual cell

types in NS, on the changesin their counts, accompanyingthe particular types of nasal
response, !1d.1 1e,13b,20,25,40¢40d,40f,41b-41d, 411,728,724 and on theintracellular changes

recorded in individualcell types (Tables 35a,35b,36a,36b,37a,37b; Figures 32a-32d,33a-
33d,34a-34d). 11a, 11b,40f,72d

The LNRpretreated with DSCG has been accompanied by distinctly decreased counts

ofall cell types in NS, as compared with the non-pretreated LNR, and by non-significant

135



Thelate nasal response

changesin the counts ofparticularcell types, as compared before andafter the allergen
challenge.40<404.40f The LNR pretreated with BDAor BSA/BUDhas also been accompa-

nied by distinctly lower counts ofall cell types in the NS than those recorded during the
non-pretreated LNR,and nosignificant changes have even been foundby us in the counts
of particular cell types found, 49404,40f However, small differences have been observed
in the countsof particularcell types after the treatmentwith the individual drugs. These
results mightindicate possible involvement ofdifferent mechanismsor,atleast, different

modifications of the basic mechanism in LNR (Tables 35a,35b,36a,36b,37a,37b; Figures

32b,32d,32e).

Theintracellular changes (degranulation, vacuolization, diminished intake ofstain,

wrinkling of cellular membrane,cell disruption) recorded by us in most eosinophils
(ES), neutrophils (NE), basophils (BA) and mast cells (MC), appearing in NS during
the non-pretreated LNR 414, have been significantly reduced by both DSCG and BSA,
however with somedifferences.4°f The DSCGtreatmenthas reducedsignificantly the

degranulation and other intracellular changes in ES, BS and MC,and partly also in NE.
The BSA treatment has reduced highly significantly the degranulation and other int-
racellular changes in NE,partly in ES and BS, but not in MC (Tables 35c,36c,37c).

These results may suggest again the possible involvementofdifferent mechanisms or, at

least, different sub-mechanisms in LNR.

Furthermore, the above described effects ofDSCG as well as BSA on the LNR and the

LNR-related cellular andintracellular changes differ distinctly from the effects of both
drugs on the INR19:11,11d,11¢,722,72d and on the DYNR (Figures 33b,33d,33e,34b,34d,
34e),13.13b

Table48 Distribution ofthe protective effects ofDisodium cromoglycate (DSCG),

Beclomethasonedipropionate (BDA) and Budesonide (BSA/BUD)on the

Late nasal responseto allergen challenge [LNR]
 

i nLins, Protective effects on LNR
 

 

n=28 p<0.001 p<0.01 p<0.05 p>0.05

DSCG (n=28) 9 (32%) 13 (46%) 5 (18%) 1 (4%)
BDA (n=14) 6 (43%) 8 (57%) a 0
BSA (n=14) 5 (36%) 8 (57%) 1 (7%) 0
 

References: 41b, 41i, 72a

Table49 Distributionoftheprotective effects ofDisodium cromoglycate (DSCG),
Beclomethasone dipropionate (BDA) and Budesonide (BSA/BUD)on the

Immediate nasal response to allergen challenge [INR].
 

Protective effects on INR
INR  

 

n=35 p<0.001 p<0.01 p<0.05 p>0.05

DSCG (n=35) 21 (60%) 11 (31%) 3 (9%) 0
BDA (n=16) 0 0 0 16 (100%)
BSA (n=19) 0 0 1 (5%) 18 (95%)
 

References: 41i, 72a
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Table50 Distribution ofthe protective effects ofDisodium cromoglycate (DSCG),

Beclomethasone dipropionate (BDA) and Budesonide (BSA/BUD)onthe

Delayed nasal responseto allergen challenge [DYNR].
 

 

 

DYNR Protective effects on the DYNR

n=16 p<0.001 p<0.01 p< 0.05 p> 0.05
DSCG(n=16) 0 0 1 (6%) 15 (94%)

BDA (n=8) 4 (50%) 3 (38%) 1 (12%) 0
BSA (n=8) 5 (63%) 2 (25%) 1 (12%) 0
 

References: 41i, 72a

Thesignificant protective effects of topical corticosteroids on the LNR, as reported by
us, are in agreement with other authors’ results,94:!19 and may be supportedby the fin-

dings of some investigators studying changesin the concentrations of some mediators
and/or other factors82-82i.83,94,121¢ and also cellular changes82-83,94 in NS during the
LNR.

Bisgaard and colleagues®2i, studying timothy grasspollen-sensitive subjects who had
developed a dual late nasal response to challenge with this allergen, have recorded an

increase in the concentration ofthe eosinophil cationic protein (ECP) in the nasal

lavage fluid duringthe late-phase nasal response (LNR), but not during the early-phase
(INR). The ECP increase has been completely inhibited by pretreatment with intranasal
Budesonide, in a daily dose of 400 mcg for 2 weeks priorto the nasal allergen challenge.
Bascomand co-workers®2, using the nasal allergen challenge model supplemented by

the nasal lavage, have investigated the influx of particularcell types and histamine con-
centration in the NS during the LNRpretreated with topical corticosteroid, in compa-

rison with LNRpretreated with placebo, in pollen-related rhinitis subjects. A 1-week
pretreatment with intranasalflunisolide, in a daily dose of 200 mcg, has reduced signifi-

cantly the influx of ’alcian blue-stained positive cells” (probably basophils), eosinophils,

neutrophils and mononuclear cells into NS. The histamine release into NS andlate

nasal symptomshavealso been blocked bythis topical corticosteroid treatment.

Other investigators studying predominantly the mediators and other factors in the

nasallavage fluid, have found that pretreatment with topical glucocorticosteroids(fluni-

solide) significantly reduced both the late nasal symptomsand thelevels of histamine,
TAME-esterase activity and kinins in NS, duringtheallergen-induced LNR.83,121¢
The data generated by Bisgaard et al82i and Bascom etal8? are very similar to our above

described results concerning the cellular traffic in NS during LNR andits pharmacolo-

gic modulation by topical glucocorticosteroids, 1112,13,25,40¢, 40d,40f41b-41d,41i, 72a,72d
The lack ofprotective effects of topical corticosteroids on the INR, repeatedly obser-

ved by us and reportedin our papers!9!1,114,1le,72a,72d js in agreement with results

found by Houri et al?2 and Mygind et al!19, while in disagreement with data presented
by Pipkornet al!2!¢, Walden et al94 and Togias et al.83 More recently, Small and Barrett

121d have demonstrated that topical corticosteroids even in high doses (Beclomethasone

dipropionate - 400 mcg daily, Budesonide - 1200 meg daily) administered for 2 weeks,

did notaffect the INR to nasal challenge with ragweed pollen, while they prevented
significantly the nasal response to histamine.
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Fig. 44. Distribution of the protective effects of DSCG and BDA (BSA) on the LNR (n=83).
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Fig. 45. Distribution of the protective effects of DSCG on the INR (n=103)
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The late nasal response

Systemic corticosteroids have been reported to reducesignificantly both the concentra-
tion of some mediators in NS48-94,95.97b,121¢ and the influx ofvariouscell types into the
NS,484,82,94,97b,97¢ during LNR,as well as to prevent the developmentoftheclinical

LNRtoallergen challenge.48-484,57,83,94,95,121¢ In contrast to their excellent effects on

LNR,the oral corticosteroids did not demonstrate anyeffects on INRorearly-phase nasal

response.484,94,95,97b Pipkorn and colleagues?have observeda distinct inhibition of

Yo allergen-induced LNRaswell as significant reduction of the concentrationsofcertain

100 + mediators (histamine, TAME-esterase, kinins) and albuminin the nasal lavagefluid after

the pretreatmentwith systemic glucocorticosteroid (prednisonein a daily dose of 3 x 20

mg,for 2 days). In contrast, these authors have not found anysignificanteffects of the
oral corticosteroid treatment on the the early-phaseofthe nasal response symptomsor

on the mediatorsreleased into the nasal lavagefluid, exceptfor a slight reduction in kinin

concentration.

Walden and co-workershaye studied subjects with pollen-related rhinitis, develo-
ping a dual LNRtoallergen challenge, consisting ofan early- and late phase. The
early-phase was accompanied by an increase in concentration of histamine, TAME-

‘Tk esterase, kinins and PGD, in NS and by the influx of ”alcian blue-stained positive cells”,

I 4 significant probably basophils, into the nasal lavage fluid, whereas the late phase was accompanied

aU by an increasein the level of histamine, TAME-esterase, kinins, sulfidopeptide leuko-

t pesca trienes and albumin,but nat PGD,,in NS,and by aninfluxof"alcian blue-stained
improvement =e ; ; ESS fi

positive cells”, eosinophils and neutrophils into nasallavage fluid. The 2-day pretreat-
ment with oral corticosteroid (prednisonein a daily dose of 3 x 20 mg) has prevented

I 73 the symptomsofLNR,decreasedsignificantly the concentration of histamine, TAME-

ae a iD esterase, kinins and albuminin the nasal lavage fluid and reduced significantly the

(=3%) (=18%) 4 influx of eosinophils, but not of neutrophils or mononuclearcells. In contrast, the 2-day

0 ir] oral corticosteroid pretreatmenthas notbeen ableto reduceeither the symptomsofthe

allergen-inducedearly nasal responseor the concentrations of mediators accompanying
the cell influx into the nasal lavage fluid. On the other hand,this group ofinvestigators
has reported significanteffects of topical corticosteroids in reducing the symptomsas

cases well as the levels of histamine, TAME-esterase activity and kinins during both the early-

25 - (=8%) and the late-phase nasal responses. However, the topical corticosteroids did notalter
either the total numberofcells or the differential distribution ofcells present in pre-
challenge nasal lavagefluid, or even the influx of particularcells during the early-phase
nasal response, whereas the influx of eosinophils, neutrophils and “alcian blue-stained
positive cells” has been significantly reduced for ”several hoursafter the antigen provo-
cation”, meaning duringthe late-phase nasal response.

Bascom and colleagues*#4 have reported similar suppressive effects of oral corticoste-

roids on the influx ofeosinophils, but not of neutrophils or mononuclearcells into the
nasal-lavagefluid during the LNR. In anotherstudy, Bascom et al97> have recorded a
significant increase in the concentration of major basic protein (MBP) in the nasal

lavagefluid during both the early phase (INR)and the late-phase (LNR)nasal response
to allergen challenge,a significant increase in the concentration of eosinophil-derived

References: 10,11,14 neurotoxin (EDN) duringthelate phase, andfinally a significant increase in the influx

ofeosinophils into NS during the late phase. Pretreatmentwith oral prednisone has

Fig. 46. Distribution of the protective effects of BDA (BSA) on the INR (n=103).
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Thelate nasal response

reducedsignificantly not only the eosinophil influx, butalso the concentration of both

MBPand EDNinthenasallavage fluid.

Freeland and co-workers?’have found anincrease in concentration ofleukotriene
B, (LTB,) in the nasal lavage fluid during both the early phase (INR) andthelate phase
(LNR) nasal responseto allergen challenge, in patients with pollen-related rhinitis.
Moreover, LNR was also associated with significant increase in the influx of neutrophils

into NS.Pretreatment with oral corticosteroid (prednisone in a daily dose of 3 x 20 mg
for 2 days) did not demonstrate anyeffect either on the early or late increase in LTB,
levels or on the neutrophil influx accompanying LNR.

It can be concluded that systemic (oral) corticosteroids are able to prevent significant-

ly the LNR. However,in practice, the systemic corticosteroids should be regarded as

drugs which are too heavy and exaggerated for the treatment of LNR.

2. H,-RECEPTOR ANTAGONISTS AND ANTICHOLINERGIC DRUGS

The pharmacologiceffects of antihistamines (H,-receptor antagonists, H,-receptor

antagonists, or a combination of both) on the LNR have notyet been satisfactorily

investigated.551,57,122 However, with respect to the known pharmacologic effects of
H,-receptor antagonists (to block the action of histamine on the H, -receptors, and
which do notaffect other mediators or their effects), as well as to their clinical effects (

to diminish the hypersecretion,itching, and vasodilatation in the nasal mucosa,but not
the nasal blockage), they would not be expected to beeffective on the LNR,since in this

type of nasal responsea variety of mediators, other than histamineonly, are also suppo-
sed to be involved,11611h,23,25a,34,40c,40d,41b,41i,48d,49,514,52-56,72b,82b,82d,82),83,85,91,94,

95,97a,970,97¢,970 and the severe nasal obstruction has been shown to be the most promi-
nentclinical symptom accompanying the LNR (Table 3).7:!2516,19,40641b,41¢,72b

In the past we havecarried outa series of pilot studies comparing the protective effects

of DSCGwith effects of the various antihistamines (Promethazine hydrochloride,

Chlorphenamine maleate, Clemastine, Ketotifen, Cinnarizine, Astemizole, Terfenadine)

and of the anticholinergic compounds (Thiazinamium hydrochloride Oxyphenonium,
Ipratropium bromide) both on the INR and on the LNR. Someofthese results haveal-

ready been published,+1»-722.122a whereas the remaining data havestill to be published.
122b,122d Despite a slight subjectiverelief, neither antihistamines nor anticholinergics
have demonstrated significant protective effects on the LNR, while DSCG haspreven-
ted this type of nasal response to a highly significant degree (p < 0.001) (Tables 47,51).41b

Recently, we have studiedthe effects of Cetirizine (CZ), a member ofthe third genera-

tion of the non-sedating H,-receptor antagonists, on the immediate (INR) andthelate
nasal response (LNR) to allergen challenge, and on the accompanying eosinophil influx

into the nasal secretions (NS).49¢>122a-122e Surprisingly, the 9-day pretreatment with CZ,

in a daily dose of 10 mg, has prevented most of the INR cases andit hasalso partially
prevented some of the LNR cases and decreased the eosinophil influx into the NS
during both types of nasal response. We werenot able to find any report concerning the
effects of CZ on the LNRin the available literature (Table 51; Figures 47a,47b, 48a,48b).

Wehavealso studied and comparedtheeffects of terfenadine (TN), a member ofthe
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second generation of the H,-receptor antagonists and cetirizine (CZ) and loratadine

(LD), membersofthe third generation of the H,-receptor antagonists on the immediate

(INR) and the late nasal response (LNR)to allergen challenge and on the accompanying

influx of eosinophils into the nasal secretions. !22a,122¢ Cetirizine, in the therapeutical

oral daily doses, has been able to decrease significantly both the INR and the accompa-
nying nasalsecretion eosinophilia, loratadine has demonstrated slight effect both on
the INR and on the nasal secretion eosinophilia, whereas terfenadine did notaffect

either the INRorthe nasal secretion eosinophilia. !22a,122c,122e

On the other hand,neither cetirizine, loratadine, nor terfenadine, administered in

therapeutical oral daily doses (CZ = 1 x 10 mg, LD = 1 x 10 mg, TN = 2 x 60 mg), has

beenable to preventsignificantly the LNR. However,the influx of eosinophils into the
nasal secretions accompanying the LNR has been decreased to a moderate degree by
cetirizine and loratadine, whereas terfenadine has been foundto betotally ineffective
(Table 51; Figures 49a,49b,50a,50b).122¢

Moreover, our recent data suggest that the INRtoallergen challenge mayalso be
prevented to a significant degree by loratadine,in a daily oral dose of 2 x 5 mg, however,

after a longer pretreatment, e.g. 20-21 days. !22c

3. NEDOCROMIL SODIUM [NDS/NS]*

Recently, a new compound, Nedocromil Sodium (NDS= disodiumsalt of a novel

pyranoquinolinedicarboxylic acid), has been found by someinvestigators to be a
promising drug for the treatment of LNR!23:123a,124, 124a-124b,124f-124n,125,125a-125¢
and also by us.41b.414,72a,124e-124¢,124p

This drug has demonstrated a numberof unique pharmacologic properties, including
a variety of the anti-allergic and anti-inflammatoryeffects, !25.124,124a-124k Moreover,
nedocromil sodium has been shown to preventsignificantly both the immediate (IAR)
and thelate (LAR) asthmatic responseto allergen challenge.1218-124a,124b,1241-124n,178e,

178f,178h More recently, our preliminary data suggest that NDS mayalso beable to
decrease significantly the delayed asthmatic response (DYAR).124P Inthree preliminary
studies, data ofwhich havenotyet been finally published, !24<-124e we haveinvestigated
the possible protective effects ofNedocromil Sodium in the nasal spray on the LNR

(n = 14) and the INR (n=18) as well as on the cellular changes in NS accompanying

both the nasal response types, after a 2-week pretreatment in a daily dose of 16 mg,

divided equally between both the nasal cavities (4 x daily 1 puff containing 2 mg ofNDS

in each nostril = 4 x 2 mg x 2 = 16 mg).
The NDShaspreventedsignificantly the INR (p < 0.01) and highly significantly the

LNR (p < 0.001) (Figures 51a,52a). Moreover, NDS has reduced significantly the influx

of eosinophils, neutrophils, mast cells and basophils into the NS, during the INR,
whereas it has almost completely preventedthe influx of neutrophils, eosinophils, and

basophils and decreasedsignificantly the countof epithelial and gobletcells in NS
during the LNR (Table 52; Figures 51a-51d,52a-52d).!24d,124e

* Nedocromil Sodium has been abbreviated as NDS in someofour stu-

dies, whereas as NS in otherof ourstudies.
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Fig. 47a. THE PROTECTIVE EFFECTS OF ORAL CETIRIZINE (CZ) ON THE IMMEDIATE
NASAL RESPONSE[INR]
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- @ =INA pretreated with Cetirizine (n=8)
- x = PBS control challenge (n=8)
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Fig. 47b. THE EFFECTS OF ORALCETIRIZINE (CZ) ON THE
EOSINOPHILS IN NASAL SECRETIONS (NS) DURING
THE IMMEDIATE NASAL RESPONSE[INR]
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The mean changes in the countof eosinophils in the nasal secretions (NS), during the
non-pretreated and the pretreated INA, were calculated from 8 patients.

ao © = Eosinophils in NS-non-pretreated INR (n=8)
@ --------¢= Eosinophils in NS-INA pretreated with Cetirizine (n=8)
Ke oreeereeeeee * = PBS control challenge (n=8)
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Fig. 48a. THE PROTECTIVE EFFECTS OF ORALCETIRIZINE (CZ) ON THE LATE
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The mean NPG values, recordedafter the non-pretreated and the pretreated allergen challenge, were calculated from 14 patients

{= Initial value (=baseline); PBS= Phosphate buffered saline; ALL= Allergen challenge.

 2 = Non-pretreated LNR (n=14)
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Fig. 48b. EOSINOPHILS IN NASAL SECRETIONS (NS) DURING THE LATE NASAL
RESPONSE[LNA]
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The mean changes in the count of eosinophils in the nasal secretions (NS), during the non-pretreated and the pretreated LNA,
were calculated from 14 patients,

 io ta = Eosinophils in NS-non-pretreated LNR (n=14)
i ---------- = Eosinophils in NS-LNR pretreated with Cetirizine (n=14)
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ig. 49a. EFFECTS OF ORALCETIRIZINE (CZ), LORATADINE (LD) AND TERFENADINE

(TN) ON THE LATE NASAL RESPONSE[LNRF]
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The mean NPG values recordedafter the non-pretreated and the pretreated challenges.
|= Initial values (=baseline); PBS= Phosphate buffered saline; ALL= Allergen challenge.
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Aare x =PB8S control challenge (n=12)
o———- 0 = LNApretreated with Cetirizine (n=12)

o—--——- a =LNRpretreated with Loratadine (n=12)
Ao-ro4 = LNA pretreated with Terfenadine (n=12)
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Fig. 49b.
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(TN) ON THE EOSINOPHILS IN NASAL SECRETIONS (NS) DURING THE LATE
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# ——¢ = Eosinophils in NS-non-pretreated LNRs (n=12)
ooH = Eosinophils in NS-PBS contro! challenges (n=12)
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J. 50a. THE EFFECTS OF ORAL CETIRIZINE (CZ), LORATADINE (LD) AND
TERFENADINE (TN) ON THE EOSINOPHILS IN NASAL SECRETIONS(NS)
DURING THE IMMEDIATE NASAL RESPONSE[INRA].
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The mean changesin the count of eosinophils in the nasal secretions (NS) during the non-pretreated and the pretreated INRs.
| = Initial values (=baseline); ALL = Allergen challenge.
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.——- tw = Eosinophils in NS-INR pretreated with Loratadine (n=12)
{\ -------- 4 = Eosinophils in NS-INR pretreated with Terfenadine (n=12)
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Fig. 50b. THE EFFECTS OF ORAL CETIRIZINE (CZ), LORATADINE(LD) AND
TERFENADINE(TN) ON THE IMMEDIATE NASAL RESPONSE[INR]
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THE PROTECTIVE EFFECTS OF TOPICALLY ADMINISTERED
NEDOCROMIL SODIUM (NDS) ON THE IMMEDIATE NASAL
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Fig. 51b. CYTOLOGIC CHANGES IN NASAL SECRETIONS(NS) DURING THE IMMEDIATE
NASAL RESPONSE[INR]
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Fig. 51c.
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Fig. 5id. CYTOLOGIC CHANGESIN NASAL SECRETIONS (NS) DURING THE IMMEDIATE
NASAL RESPONSE[INR] PRETREATED WITH PLACEBO(PL)
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The mean NPG values recorded after the allergen challenges pretreated with PL were calculated from 18 patients
daveloping 18 positive immediate nasal responses(INR). The mean changes in the countofthe individualcell types in the
NS wers calculated from 18 positive INRAs.
| = Initial values (=baseline); PBS = Phosphate buffered saline (=control challange); ALL = Allergen challenge;
NS = Nasal secretions; PL = Placebo aerosol.

  

@ ----eee-@ = INA pretreated with PL (n=18)

-U = Eosinophils

4 = Basaphils
4 = Mast cells

-© = Neutrophils
~~ % = Goblet cells
“m= Lymphocytes
-# = Epithalial calls

soem = Plasma cells
Romar» = Monocytes

References: 411,124c,124d
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Fig. 52a.
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THE PROTECTIVE EFFECTS OF TOPICALLY ADMINISTERED
NEDOCROMIL SODIUM (NDS) ON THE LATE NASAL RESPONSE
TO ALLERGEN CHALLENGE[LNR]
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The mean NPG values, recorded after the nan-pretreated and pretreated nasal challenges, were alwayscalculated from
14 patients developing 14 positive late nasa! responses (LNR).
| = Initial values (=baseline); PBS = Phosphate butiered saline control challenge; ALL = Allergen challenge;
NDS = Nedocromil sadium.
Statistical significance of differences: + = p = 0,05; *=p< 0.05; 2«=p < 0.01; +e =p< 0.001

 G — Non-pretreated LNR (n=14)

i= = =LNA protreated with NDS (n=14)
Keo x = PBS control challange [n=14)

References: 411,124¢,124d
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Fig. 52b. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE LATE
NASAL RESPONSE[LNA]
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The mean NPG values dafter the non-p d nasal challenges were calculated {rom 14 pati devel
74 positive late uatetREPONES (LINA). The mean changes iin the countof the individual cell types in the NS were calculated
from 14 positive LN
t= Initial valuesia: PBS = Phosphate buffered saline {»control challenge); ALL = Allergen challenge;
NS = Nasal secretions.

 o to =Non-pretreated LNA (n=14)
t=-———= 6 = Eosinophils
(dees) & = Basophils
§----+4 = Mast calls
   

  

© = Neutrophils
«x = Goblatcalis

ess vel = Lymphocytes.
~- & = Epithelial cebs

« = Plasma cells
»———-—- « =Monocytes

References: 411,124c,124d
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Fig. 52c. CYTOLOGIC CHANGESIN NASAL SECRETIONS(NS) DURING THE LATE

APin
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NASAL RESPONSE[LNA] PRETREATED WITH NEDOCROMIL SODIUM (NDS)
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The mean NPG values recorded alter the allergen challenges pretreated with NDS were calculated from 14 patients developing
14 positive late nasal responses (LNA). The mean changesin the countof the individualcell types in the NS were calculated
from 14 positive LNAs.
| = Initial values (~baseling); PBS = Phosphate buffered saline ( Wral challenge); ALL = Allergen challenge;
NS = Nasal secretions; NDS = Nedocromil secium aerosol

 ® a =LNRpretreated with NDS (n-14)
Q-———= os Eosinophils

0 = Neutrophis
= Goblet calls
= Lymphocytes:
= Epithelial cells
= Plasmacells

 
References: 411,124¢,124d
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Fig. 52d. CYTOLOGIC CHANGESIN NASAL SECRETIONS (NS) DURING THE LATE
NASAL RESPONSE[LNR] PRETREATED WITH PLACEBO(PL)

     

  

 
 

free | ry ] Count of
22 -| the cells

te
20 4

185 eee

16 +

14 4 bE ++

124

i0- o—-o Pott

8 sf

O0-00) jo-—-o +
6 4

# Pt
onion

atid i
7 Tiassa pees T Ueoet

-42 -32-28 4a-44 4 0 10 20 30 45 60 90 2.93 45 6 * Bi OSt0: 1 12 24

I past orucf aut

,_minutes before minutes after challenge hours after challenge

The mean NPG values recorded ater the allergen challenges pretreated with PL were calculated fram 14 patients developing
14 positive late nasal rasponses (LNR), The mean changes in the countofthe individual cell types in the NS were calculated
from 74 positive LNRs,

|= Initial values (=baseline}; PBS ~ Phosphate butfered saline (=contro| challenge); ALL = Allergen challengo;
NS = Nasal secretions; PL = Placebo aerosol.

= Eosinophils
= Basophils
= Mast cells

2 = Neutrophils
= Goblet celis
= Lymphocytes
= Epithelial celfs

% -* = Plasina cells
%—-—-—-# = Monocytes

 
References: 41i,124c,124d
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4. OTHER DRUGS

Thepossible protective effects of other drugs, such as beta,-sympathomimetics,anti-

cholinergic drugs (Ipratropium bromide), calcium channel blockers (Nifedipine, Vera-

pamil), non-steroidal anti-inflammatory agents [NSAID] (acetylsalicylic acid andits deri-

vatives, indomethacin,flurbiprofen, ibuprofen, prostaglandin-suppressing compounds),
cAMP modulators, H,-receptor antagonists (Cimetidine, Ranitidine), eicosapentaenoic
acid (EPA), antiserotonin, or the new experimentally synthetized anti-mediator comp-

ounds(kinins-, bradykinins-, leukotrienes-, PAF-, neurotoxins-, neuropeptides- antago-

nists, inhibitors of 5-lipoxygenase-pathway products or thromboxane-synthesis inhibi-
tors) on the LNR, have notyet been sufficiently investigated. 11h,411,57,72a,72b

5. IMMUNOTHERAPY

Until now no convincing evidence has been providedfor anyeffects ofthe immuno-
therapy onthe clinical LNR and/or on the mechanisms underlying this response. The

immunotherapy should therefore be considered as a non-established and unproved

treatment for the LNR.!1h.414,57,72a

A complete review of the particular drugs used in the treatmentoftheallergic disor-

der of the upperairwaysin children as well as in adults is presented in Tables 53-56.4!s
It can be concluded that the knowledge concerning the pharmacologic modulation of

the LNRis notyet complete.
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Table51 Survey ofpossible protective effects of various H,-receptor antagonists on the

immediate (INR), late (LNR) and delayed (DYNR)nasal response to the

allergen challenge, and on the nasal response to the nasal challenge with

histamine, representing the nasal non-specific hyperreactivity (N-SH).
 

 

 

Nasalresponseto the allergen challenge Nasal response
to the challenge

INR LNR DYNR with histamine

The“first generation”

Promethazine — [n=28] — [n=21] — [n=17] —[n=16]
Chlorphenamine + [n=22] + [n=16] — [n=11] + [n=15]
Clemastine ++ [n=20] + [n=12] —[n=14| + [n=17]
Ketotifen — [n=18] —[n=15] — [n=12] — (n=15]
Cinnarizine + [n=15] —|n=11] —{n=10] + [n=22]
Triprolidine + [n=10] 0 0 0
Oxatomide — [n=12] 0 0 0
Mebhydroline + [n=16] + [n=10] 0 + [n=20]

The “ second generation”
Astemizole — [n=24] —([n=14] 0 — [n=24]
Terfenadine — [n=12] —[n=12] — [n=10] = [n=20]
Azelastine — [n=14] — [n=10] 0 0

The “third generation”
Loratadine + [n=12] + [n=11] —[n=10] + [n=15]

— {[n=15]

Cetirizine + [n=24] + [n=14] — {n=12] — [n=18]
Levocabastine + [n=15] —{n=15] — [n=13] — [n=12]
 

Protective effects: — = noeffects (p > 0.05); + = very slight or partial effects (p < 0.05); + =
protective effects (p < 0.05); ++ = significantly protective effects (p < 0.01); +++ = highly
significant protective effects (p <0.001); 0 = lack of data. Numbersin the brackets = numberof
cases.
References; 40e, 41b, 411, 72a, 122a-122

Table52 Protective effects ofNedocromil sodium (NDS/NS) in comparison to those

of Disodium cromoglycate (DSCG) on the immediate (INR), late (LNR) and

delayed (DYNR)nasal response to allergen challenge.
 

Nasal responseto allergen challenge
 

 

INR LNR DYNR

Nedocromil sodium (NDS)  p<0.05[n=18] p<0.001[n=14] p<0.05 [n=11]
Disodium cromoglycate p<0.01 [n=26] p<0.05 [n=34]  p>0.05 {n=18]
Placebo p>0.2 [n=18] p>01 [n=14] p>0.1 [n=11]
 

Reference: 72a
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Table53 Daily doses of someanti-allergic and supplementary drugs recommended for

adults.

Drug Daily dose
H1-receptor antagonists

- the "first generation
Promethazine OR 1-3. x 12,55 mg orlx25mg
Chlorphenamine OR 1-2 x 12 mg
Clemastine OR tee oc aR
Ketotifen OR SRA os it Aantes
Cinnarizine OR 1-2) ke 225 mig
Triprolidine OR 1 x 10 mg
Chlorpheniramine OR I x 6 ome
Oxatomide OR 1-2 x 30 mg
Azatidine OR 1 ee ame
Mebhydroline OR 2-4 x 50 mg
Hydroxyzine OR 2 & 25 amg
Brompheniramine OR BX He amie
Dexchlorpheniramine OR 3-4 x 1-2 mg
Dimethindene OR 3) x 9-2 mg

- the "second generation"
Astemizole OR 1 3 10) amg
Terfenadine OR 1-2 x 60 mg
Azelastine OR Dex 2 ang
Azelastine TOP 2-3 x 1 puff (0.14 mg) each nostril
Acrivastine OR Se aoe ate

- the "third generation"
Cetirizine OR 1 x 10) mg
Loratadine OR le). 10) ang
Levocabastine TOP 2 putts (0.5 mg/ml) each nostril 2 x daily
Ebastine OR le jae cS. ang

H,-receptor antagonists
Cimetidine OR 1-3 x 300 mg
Ranitidine OR 2 © 150 -mg

Anticholinergic agents
Thiazinamium OR 1-3. x 100-200mg
Oxyphenonium OR 2-4 x daily x 5-10 mg
Ipratropium TOP* 4 x 40-80mcg

Disodium cromoglycate
Nasal drops 2% TOP 4 x  2drops- each nostril;
(20 mg/ml)
Nasal spray 2% TOP 6 x  2sprays - each nostril;
(20 mg/ml)
Nasal spray 4% TOP 4-5 x 1-2 sprays - each nostril;
(40 mg/ml)
Powder {1 caps=10 mg) TOP 4 x I capsule divided between both the nostrils;
Oral formulation (powder
in capsules or solution)

4 x LO0-200mg

 

Administration: OR=oral; TOP=topical (intranasal); *=commercial formulationis not yetp ¥
available.
References: 41g
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Table54 Daily doses of someanti-allergic and supplementary drugs recommended for

adults
 

Drug Daily dose
 

Nedocromil sodium

Glucocorticosteroids
- systemic

Prednison
Prednisolon

Dexamethasone

- topical
Beclomethasone
dipropionate
Budesonide
Flunisolide

Fluticasone
‘Triamcinolone

Decongestants

Xylometazoline
Oxymetazoline
Naphazoline
Tetrahydrozoline
Phenylephrine

Varia
Acetylsalicyl acid
Indomethacine

Ibuprofen

TOP* 4x daily 2 sprays of 1% eachnostril

TOP
TOP
TOP

TOP
TOP

TOP
TOP
TOP

TOP
TOP

OR
OR
OR

0.5 - 1 mg/kg daily divided into 2-4 doses
0.5 - 0.8 mg/kg daily divided into 2-4 doses
0.5 - 9 mg daily (up to 2 x 16 mg) divided in 2 doses

2-3 x 100 meg (= 2 x 50 meg) - each nostril
2-3 x 100 mcg (= 2 x 50 mcg) - each nostril
2-3. x 50 mcg (= 2 x 25 meg) - each nostril

2 x 50 meg - each nostril
4 x 25-50 mcg - each nostril

2-3x 1-2 drops of 0.1%- each nostril
1-3. x 1-3 drops of 0.05%- each nostril
2-3x 1-2 sprays each nostril
2-3x 1-2 sprays each nostril
4 x 1-2 sprays each nostril

1-3 x 500 mg

1 mg/kg/24 hrs divided into 2-3 doses
2-6 x 200 mg
 

Administration: OR=oral; TOP=topical (intranasal); *= commercial formulation is notyet
available.
References: 41g
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Table55 Daily doses ofsomeanti-allergic and supplementary drugs recommendedfor

children

Drug < 12 years 12-16 years

H,-receptor antagonists
The “first generation”
Promethazine OR 1-3y =2-4x 1-2 mg; 2-4x4mg

3-12y= 2-4 x 2-4 mg
Chlorphenamine OR x 1x 12mg
Clemastine OR 1-3y = 1-2. x 0.25 mg; 1-2x 1 mg

3-12y= 1-2 x 0.5 mg
Ketotifen OR > 3 years; 0.025 mg/kg/24 hrs 1-2x 1 mg
Cinnarizine OR  >3years=1x 12,5 mg 1-2 x 12,5 mg
Triprolidine OR X/NE 1x10 mg
Chlorpheniramine OR 1-2.x 2.5 mg or 0.35mg/kg/24 hrs 1x6 mg
Oxatomide OR | mg/kg/24hrs divided into 2 doses 1-2 x 15-30 mg
Azatidine OR 1-2x0.5 mg 1-2x 1 mg
Mebhydroline OR  1-2x50mg 2-3 x 50 mg
Hydroxyzine OR 2-12 yrs=2 mg/kg/24 hrs 2 mg/kg/24 hrs

divided into 2 doses divided into 2 doses
Brompheniramine OR X/NE X/NE
Dexchlorpheniramine OR  2-12yrs=2x 1 mg repetabs 2-3 x 1 mg
Dimethindene OR 1-3 yrs=3 x. 0.5mg; 3-12yrs 3xlmg

=3x0.75mg

The “second generation”
Astemizole OR <6 years = 0.2 mg/kg/24 hrs tx 10 mg

6-12 yrs = 1x5 mg
divided into 2 doses

Terfenadine OR 3-6 yrs = 2.x 15 mg; 1-2 x30 mg
6-12 yrs = 1-2. x 30 mg

Azelastine OR X/NE 1lx2mg
Azelastine TOP >6yrs 2-3 x 1 puff (0.14

2x 1 puff (0.14 mg) each nostril mg)each nostril

Acrivastine OR X/NE 1-3x8mg

The “third generation”
Cetirizine OR NE 1-2x5mg
Loratadine OR <30 kg= 1 x 5mg;>30kg= 1-2x5mg 1-2x5mg
Levocabastine TOP > 3yrs=1 puff (0.5mg/ml) 2 puffs (0.5 mg/ml)

each nostril 2 x daily eachnostril 2 x daily
Ebastine OR X/NE 1x5 mg (NE)

H2-receptor antagonists
Cimetidine OR X/NE 2-3x100mg or 20mg/

kg/24hrs divided
into 3 doses

Ranitidine OR UK/* .

Anticholinergic agents
Thiazinamium OR 6-12yrs=2 x 100 mg 2-3 x 100 mg
Oxyphenonium OR 6-12 yrs=1-2 x 2.5 mg 2-3 %2.5 mg
Ipratropium TOP UK/* UK/*
 

Administration: OR=oral; TOP=topical (intranasal); X = not used; UK=unknown; NE = the
dose hasnotyet been definitively established; * = not yet commercially available.
References; 41g
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Table56 Daily doses ofsomeanti-allergic and supplementary drugs recomended for
children.

Drug < 12 yaers 12-16 years

Disodium cromoglycate
— Nasal drops 2% TOP 4x daily 2 drops-each nostril 2 drops - each nostril

(20 mg/ml) 4-5 x daily
— Nasalspray 2% TOP 4xdaily 2 sprays - each nostril 2 sprays - each nostril

{20 mg/ml) 6 x daily
— Nasal spray 4% TOP 4x daily 1 sprays - each nostril 1-2 sprays - each nostril

(40 mg/ml) 4x daily

— Powder TOP >3 years =1 capsule 1 capsule - divided
{1eaps=10mg) divided between both the between both the nostrils

nostrils - 4 x daily 4x daily
Oral formulation 4x 50-100 mg 4 x 100-200 mg

Nedrocromil sodium TOP NE/* NE/*

Glucocorticosteroids
- Systemic

Prednison OR 0.1-0.2 mg/kg/24 hrs 0.5 mg/kg/24 hrs divided
in 2 doses

Prednisolon OR 0.1-0.2 mg/kg/24 hrs 0.5 mg/kg/24 hrs divided
divided in 2 doses in 2 doses

Dexamethasone OR 2-4 yrs=4x1mg;5-7yrs= 4.x 3 mg daily divided
4x 1.6 mg; 8-11 yrs = into 2 doses
4x 2.5 mgdaily divided
into 2 doses

Topical

Beclomethasone TOP 2x50 meg each nostril 2 x 50 mcgeach nostril
dipropionate 2 x daily 2 x daily
Budesonide TOP 2x50 mcg each nostril 2 x 50 mg each nostril

2 x daily 2 x daily
Flunisolide TOP 6-12 yrs= 1x 25 megeach 2x 25 mcg eachnostril

nostril 2 x daily 2x daily
Fluticasone TOP X/NE 1 x 100 mcg each nostril

| x daily
Triamcinolone TOP X/NE X/NE

Decongestants

Xylometazoline TOP > 2 yrs 1-2 drops of 1-2 drops of 0.1% each

0,05% each nostril 1-3 x daily nostril 2-3 x daily
Oxymetazoline TOP > 2 yrs 1 drop of 0.025% 1-3 drops of 0.05% each

each nostril 2-3 x daily nostril 1-3 x daily
Naphazoline TOP X/NE 1-2 sprays each nostril

1-3 x daily
Tetrahydrozoline TOP UK/X/NE X/NE
Phenylephrine TOP UK/X/NE X/NE

Varia

Acetylsalicyl acid OR > 3 yrs 1-3 x 50 mg daily 1-3 x 200 mgdaily
Indomethacine OR > 3 yrs 1 mg/kg/24 hrs 1 mg/kg/24 hrs divided

divided into 2 doses into 2 doses
Ibuprofen OR X/NE 1-3 x 200 mg
 

Administration: OR=oral; 'TOP=topical (intranasal)I X = not used; UK=unknown; NE = the
dose has notyet beendefinitively established; * = not yet commercially available.
References: 41g
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V DIFFERENTIAL DIAGNOSIS

A. LATE NASAL RESPONSE [LNR] VERSUS
IMMEDIATE (EARLY) NASAL RESPONSE[INR/ENR]

B. LATE NASAL RESPONSE[LNR] VERSUS
DELAYED NASAL RESPONSE [DYNR|

The LNRdiffers substantially from INR and DYNRinseveral ways as well as with
regard to various "in vivo” and ”in vitro” diagnostic parameters.

1. CLINICAL CHARACTERISTICS

[A] Time-course

The time-course of LNR, recorded by rhinomanometry,the onset within 4 to 8 hrs,

maximumwithin 6 to 12 hrs and the resolving within 24 to 26 hrs,differs distinctly from
that of INR and of DYNR(Table 5; Figures 4-6).2:7:11,11b-11d,12,13,13a-13¢,14,41a-41d

{B] Symptomatology

In mostofthe patients the symptomatology of the LNR may be characterized by the

appearanceofa distinct nasal blockage due to the swelling of the nasal mucosa, while
the other symptomsappearto a slighter degree, in contrast to INR and DYNR (Table
3),7)12,41la-41d

[C] Nasal mucosa appearance

The appearanceof the nasal mucosa, evaluated by anterior rhinoscopy,is usually vio-
laceous anddry with verylimited amountofsecretions in the majority of LNRcases.
Sometimes small mucosal hemorrhages may be seen (Table 6).?-7:12:14.41b,72b

[D] Association with other diagnostic parameters

The association ofLNR with other “in vivo” and “in vitro” diagnostic parameters and

the differences in those accompanyingtheother types of nasal response, are summari-
zed in table 6,7512,14,41b,72b

[E] Association with other organs’ response

The appearance of other organs’ symptoms accompanying the LNR, and the differen-
ces with respect to the other nasal responsetypesare presentedin Table 20.

2, MORPHOLOGIC CHARACTERISTICS

[A] Cytology of the nasal secretions (NS)

The LNRhas been accompaniedbysignificant changesin the countof neutrophils
(increase before, decrease during, and increase throughoutthe resolving of LNR),

eosinophils (increase before, decrease during, increase during a period of hoursto days
after disappearance of LNR), epithelial cells (increase, followed by decrease running
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parallel with LNR), goblet cells (similar pattern to thatof epithelial cells) .2-11¢,11g,12,25,
AOb-AOLAla-Ald, 414,72,72a,72¢,96,97 Some authors have observed increased numbers of

basophils during the LNR.82-83 In contrast, the INR has beenassociated with different
changesin the countofparticular cell types, such as eosinophils (increase followed by
decrease), neutrophils (decrease followed by increase), gobletcells (increase followed by
decrease) and basophils (decrease).2)!1a-11d,18,20,41a,41¢,41i,71, 72a,72¢,72d,97a Pyrther-

more, the DYNR has been accompaniedbyinflux andsignificant changes in the count
oflymphocytes (increase immediately before the onset, decrease during the develop-
mentandincrease after resolving of the response), neutrophils (increase, decrease,
increase, running almostparallel with the course of the response), and epithelialcells
(increase after resolving ofthe response) into the NS (Tables 30-37; Figures 32-34;

Plates 18,19).13a-13¢

[B] Biopsy of the nasal mucosa

Biopsy of the nasal mucosa during LNR. The nasal mucosa showedthefollowing
histologic changes during the LNR: an edematic and damaged epithelium, enlarged
intercellular spaces and breaches, expelled epithelial and goblet cells, breaches in the
basement membrane, edematic sub-epithelial layer containing mixed eosinophil and
neutrophil infiltrates, and perivascular edemain lamina propria with dilated, sometimes
also disrupted, capillaries and erythrocyte excavation.296-97 In contrast, the nasal
mucosa during the INR could be characterized by enlarged intercellular spaces, enlarged
ducti of mucosal glands, increased amountofthin secretions on the epithelial surface;
eosinophils and tissue mastcell accumulation, but noinfiltrate forming in the sub-
epithelial layer; dilated, but not disrupted capillaries and a slight perivascular edemain
the laminapropria.2-96.97a The DYNRhasusually been accompaniedbydistinct histo-
logic changes in the nasal mucosa, such as distinctly decreased compactness of the
epithelial layer, including large breaches and hemorrhages; breaches in basement mem-

brane; distinctly edematic lamina propria with perivascularinfiltrates, formed by small

lymphocytes, neutrophils and plasmacells; numerous disruptedcapillaries and excava-

tion of erythrocytes [Tables 40-42; Figures 36-38; Plates 20a, 20b (page 368) ].9°

3. IMMUNOLOGIC FEATURES

[A] Immunoglobulins in the serum

In some subjects, an increased concentration ofthe total IgG has been recorded du-
ring the LNR, while the concentration of otherantibodyclasses did not demonstrate
anysignificant appearance or changes,?)!4,25a,412,41b,41f,411,96 Tn contrast, an increase in

the total and/orspecific IgE antibodies in the serum may be measured during the INR
in some ofthe patients,”»%:!1,1441b,41641i Noincreased concentrations ofantibodies of

any class have been recordedin the serum during the DYNR (Table 6).41641i

[B] Immunoglobulins in the nasal secretions (NS)

A very small numberofthe LNR cases (7%) has been accompanied by an increased

concentration of total IgG antibodies in the NS, while antibodies of otherclasses, inclu-
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dingthetotal and allergen-specific IgE, have not been detected.254,41>,41£41i Tn contrast,

in somepatients developing the INR (27%), the positive antigen-specific IgE, but not
the total IgE antibodies, have been recorded in the NS during this response type.4!£41i
‘The antibodies ofclasses other than IgE, have not been recordedin the NS during the
INR.41641i No antibodies of any class have been detected in the NR during the
DYNR.138,416,413

{C] Mediators and other factors in the nasal secretions (NS)

The LNR may be accompanied by an increase in concentrationof histamine, kinins,
TAME-esterases, neutrophil chemotactic factor, major basic protein (MBP) and LTB,

in NS, while bradykinin, lysylbradykinin and PGF2a mayalso be detected in

NS.34,49,51¢,53,54, 56,82,82¢,82),83,94.97f The INR maybe associated with an increased
concentration of histamine, PGD,, TAME-esterases and kinins, while bradykinin,

lysylbradykinin, high-molecular-weight neutrophil chemotactic factor of anaphylaxis,
PGE,, PGF2a, TXB, and leukotrienes (LTB,, LTC,, LTD,, LTE4) mayalso be foundin

NS,34,48,516,53,54,56,82),83, 94,97b More specific data concerning the appearance of media-
tors and other factors in NS during DYNRare notyet available. In contrast to other
investigators’ findings, we have recorded histamine in the NS only during 67%ofINR,
7% ofLNR and in 0%ofDYNRcases (Tables 18,19; Figures 19-21).116143.411

4, PHARMACOLOGIC MODULATION

Theeffects of basic drugs on the particular types of nasal responseto allergen challen-

ge are summarized in Table 47.
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VI. REPRODUCIBILITY AND CREDIBILITY OF THE
”APPLICATION METHOD”AND THE ”BALLOON
TECHNIQUE” OF RHINOMANOMETRY

We have also compared theresults ofthe "Balloon method” with those of the

”Active posterior rhinomanometry” (Flow/Pressure diagram = "nasal loop”)®2! as

well as with those of the ”Passive anterior rhinomanometry” (PAR) (data are not yet

published).25>

In supplementary studies, we have investigated a possible influence of the ”applica-

ton method”on the nasal mucosa andalso on the NPT results (to be published).

From these studies we have concluded that the probe saturated by PBS did not cause
any artefacts or mechanicalirritation of the nasal mucosa. This technique does not

influence the results of the NPT, not even in patients with an increased non-specific
hyperreactivity.

A. EVALUATION OF OUR “APPLICATION METHOD”
Three groups of patients between 20 to 50 years of age, have randomly been selec-

ted forthis study. These patients had never used oral corticosteroids or undergone
immunotherapy. No disodium cromoglycate, aerosolized corticosteroids, anticholi-

nergics, long-term acting antihistamines or other therapy had been used by them for

at least 6 weeks prior to the study. The short-term acting antihistamines were with-
drawnfor 72 hours and alpha sympathomimetics for 24 hoursprior to the study. The

first group consisting of 12 patients with atopic eczema or wasp-bee reactions but
without nasal complaints, has been considered to be a control group (Gr I). The se-

cond group (Gr. II) included 24 patients with allergic rhinitis, demonstrating a positi-
ve immediate nasal response to inhalantallergens, but with normal nasal responsive-
ness to histamine (the non-decreased nasal histamine threshold; > 4.0 mg/ml). The

third group (Gr.III) consisted of 20 patients with rhinitis complaints due solely to the
non-specific hyperreactivity (the distinctly decreased nasal histamine threshold; < 2.0

mg/ ml), whereasall nasal challenges with allergens performedin these patients remai-

ned negative.

In patients of all 3 groups the following tests have been performed and the nasal

parameters (NPGvalues) have been recorded by meansofthe balloon technique up to
60 minutes and then every hour up to 12 hours. (1) The first test represents the recor-
ding of the baseline; (2) During the second test, after the baseline, the drywad of
cotton woolon the nasal probe has been introduced into the non-connected nostril
under the middle turbinate for 3 minutes, followed by recording of the NPG parame-

ters; (3) Duringthe third test the wad of cotton woolonthe nasal probe saturated

with Phosphate buffered saline (PBS) has been applied for 3 minutes; (4) During the

fourth test the nasal histamine threshold has been determined again and the parame-
ters were registered up to 60 minutes after the histamine challenge.

The NPG values and their changes recorded during the individual tests in parti-
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cular patients werestatistically evaluated by means ofWilcoxon matched-paired
signed ranktest (A p value < 0.05 was considered to bestatistically significant.) The
NPGvalues and their changes recorded during the individual tests in patients within
the group were compared andstatistically evaluated by means of Mann-Whitney-U

test (A p value < 0.05 was consideredto be statistically significant.)
The results can be summarizedas follows:

(1) -Differences of the NPG baseline values recorded in the patients ofall 3 groups,

being within 1.25 cm H,0, have been consideredto bestatistically not significant (p >

0.05) as compared in individual patients as well as among the groups.

(2) -Group I. Nostatistically significant differences have been found between the

baseline and the dry wad of cotton wooltest (p > 0.05) or between the baseline and
the wad of cotton wool saturated with PBS (p > 0.05) at each of the time-points up to
60 minutes and 12 hours. All patients demonstrated a non-decreasednasal histamine
threshold (> 4.0 mg/ml). The NPG values recorded after the challenge with histamine
in concentrations higher than 4.0 mg/ml weresignificantly positive at 5 and 10 minu-
tes as compared withthebaseline values (p < 0.05).

(3) -Group LI. Nostatistically significant differences of the NPG values were found

between thebaseline and PBStest ((p > 0.05), The NPG values recordedafter the dry

wad of cotton wooldiffered significantly from the baseline NPG values (p < 0.05). The
NPGvalues recorded after the challenge with histamine in a concentration of 4.0
mg/ml (= non-decreased nasal histamine threshold) differed significantly from the
baseline (p < 0.05).

Table57 Survey ofthestatistical significance ofthe differences ofNPG values recor-

ded during the individual tests in patients within the particular groups.
 

 

Baseline values Baseline Dry wad of PBStest Histaminethreshold
mean NPG values in cm H,O a

£$D SE test cotton wool dose significance

Group I 0840.4 0.80.2 p > 0.05 p> 0.05 p>0.05 >4.0 mg/ml p< 0.05

{no rhinitis]

(n=12)
GroupI 1.2405 12403 p>005 p<005 p>0.05 >40mg/ml p<0.05
[onlyallergy]
(n=24)

Group III 1120.5 1.1403 p> 0.05 p< 0.01 p2>0.05 <2.0mg/ml p <0.001

{only N-SH *]
(n=20)
 

* N-SH = non-specific hyperreactivity
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Table58 Survey ofthestatistical significance ofthe differences in the nasal parameters

(= NPGvalues), recorded during the individual tests betweenthe particular

 

 

groupsofpatients.

Baseline Dry wad of PBS test Histamine threshold

Group test cotton wool

1-1 p> 0.05 p< 0.05 p> 0.05 p > 0.05
1-1 p> 0.05 p< 0.01 p > 0,05 p<0.01
II -Il p> 0.05 p 20.05 p> 0,05 p<0,01
 

(4) -Group III. The NPG yalues measured after the dry wad ofcotton wool
differed statistically significantly from those recorded during the baseline (p < 0.01).

The differences between the NPG values recordedafter the PBS test and those during
the baseline werestatistically not significant (p > 0.05). The NPG values recorded after

the challenge with histamine in concentration < 2.0 mg/mldiffered significantly from

those ofthe baseline (p < 0.001).

(5) Thestatistical analysis of the particular tests within the groups is shown in

Table 57, while that between the particular groupsof patients is presented in Table 58.
With respect to the above presented data, it can be concluded that the application

technique using the wad of a cotton wool on a nasal probe saturated by PBS has not

caused anysignificant artefacts or mechanical irritation ofthe nasal mucosa. This
technique of application cannot, therefore, influence the results ofthe NPT either
with allergen or with non-specific agent, even in the patients with an increased non-

specific hyperreactivity.

B. COMPARISON OF THE "BALLOON TECHNIQUE”[BT/BM]
WITH THE "ACTIVE POSTERIOR RHINOMANOMETRY”
[APR] AND WITH THE ”PASSIVE ANTERIOR RHINO-
MANOMETRY”[PAR]

|. BALLOON TECHNIQUE versus ACTIVE POSTERIOR TECHNIQUE

In a group of 12 patients with allergic rhinitis and known immediate nasal response
(INR) due either to house dust or grasspollen, two nasal challenges with the same
allergen have been performed. Oneofthe nasal challenges has been recorded by the

*Balloon method”, whereas the other by the ”Flow-Pressure technique” (APR). Both
the tests have been performed by different investigators according to the double-blind

cross-over schedule. An interval of 4-14 days has always been inserted between the

twotests.
The nasal response (= obstruction, resistance) recorded by the ’Balloon method”

for each nasal cavity separately has been expressed in pressure differences, the so-

called NPG values (nasopharynx-nostril-pressure gradients in cm of H,O = AP),
whereas the nasal response measured by the ”Flow-pressure technique” has been ex-

pressed asa total nasal resistance (Rx in cm H.,O/liter/sec), calculated from the simul-

taneously recorded valuesofthe airflow and air-pressure differences by meansofthe
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formula:

= Pressure(= AP)

Flow
Ry x Coefficient (apparatus)

The immediate nasal responses recorded bythe particular techniques in the indivi-
dual patients havefirstly been compared with the appropriate Coca’s solution control
values and theirpositivity has beenstatistically evaluated by Wilcoxon matched-paired
signed-ranktest. The two INRs, recorded by meansofboth the techniques in the same

subject, have then been comparedandstatistically analyzed by the variance analysis
(generalized multivariate analysis of variance model = MANOVA). A p<0.05 has been
considered to bestatistically significant for both the statistical methods. The immedia-
te nasal responseto allergen challenge (INR) recorded by both the techniques has
been found to besignificantly positive (p < 0.01). Nostatistically significant differen-
ces have been foundeither between the INR recorded by the BT and the INR recorded
by the APR {p > 0.05) or betweenboththe individualvalues at each ofthe time

intervals during the 120 minutes after the allergen challenge (Table 59).8

2 BALLOON TECHNIQUE versus PASSIVE ANTERIOR TECHNIQUE

In another group consisting of 24 patients with allergic rhinitis, the NPTs have

been performed with various ”inhalant” allergens and the nasal responses have been
recorded by the “Balloon technique” (BT) and by the ’Anterior passive rhinomano-
metry” (PAR) and the parameters were recorded up to 12 hoursafter the challenge
(these data have not yet been published). Two PBS control challenges have also been
performed ineachofthe patients and recorded by eachof these techniques.In the BT
only the non-intubatednasal cavity has been challenged withallergen, while during
the PAR methodboth the nasal cavities have been challenged simultaneously. An
interval of 5 days has always been inserted between the two tests. The NPG values
recorded by the ’Balloon technique” have been expressed in ”cm HO”, while those
measured by the PAR methodsin cm H,O/L/sec. The results werestatistically analy-

zed by means of the Wilcoxon matched-paired signed-rank test (p < 0.05 was consi-
dered to bestatistically significant). The immediate nasal responseto allergen challen-
ge (INR), recorded by the ”BT”, as compared with the PBScontrol response, has been

foundto be highly significantly positive (p < 0.001). The INR detected by the PAR
method, as compared with the PBS control response, has also been foundto be signi-

ficantlypositive for both the sides, left andright, (p < 0.05). Nostatistically significant

differences have been found between theleft and the right INR recorded by means of
the PAR method (p > 0.05), The INRs recorded by the BTdid notdiffer significantly
from both the INRs(left and right) recorded by the PAR method (p > 0.05). The

statistical significance of the INR recorded by the BT”wasslightly higher than that

detected by PAR method. Nosignificant changes have been recorded during the PBS
control tests measured either by the BT (p > 0.02) or by the PAR method(p > 0.05),

or betweenthe left and right sides of the PAR technique (p > 0.05) (Table 59),256
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C. EVALUATION OF THE ”BASE-LINE” (INITIAL VALUES)
Wealso have compared thebase-line values recorded by the ’Balloon technique”

(mean NPGvalues in cm H.,0) in 12 patients with the pollen-related allergic rhinitis

andin 10 non-allergic subjects during a 12-hourperiod. Nostatistically significant
differences in the variations of the NPG base-line values have been foundeither in the
subjects within the particular groups (p>0.05;p>0.05) or between the two subject
groups (p>0.01) (Table 60) (notyet published data).

Fromthese studies we have concluded thatall three rhinomanometry methods,
active posterior”, “passive anterior” and “balloon”, are in principle suitable and
reliable techniques for the nasal provocationtests, with sufficient and acceptable
reproducibility. Similar conclusions have been drawnby other investigators studying

the reproducibility of the nasal parameters recorded bythe passive anterior”, active
anterior”, and active posterior” rhinomanometryand "oscillometry”, by means of
comparison of the coefficients of data variation (Table 60).48i.57a

Table59 Survey ofthestatistical significance ofthe nasal resistance values (INR)

recorded by various rhinomanometry techniques
 

Comparison of INR recorded by the
particular techniques
 

 

INR

BM APR PAR

BM p<0.01 (n=12) - p>0.05 p>0.05

p<0.001 (n=24)

APR p<0.01 (n=12) p>0.05 - -

PAR p<0.05 (n=24) p>0.05 - -
 

BM= Balloon technique (NPG in cm H,0); APR = Active posterior rhinomanometry (R, in
cm H,0/L/sec);PAR = Passive anterior rhinomanometry (Rp, R, in cm H,0/L/sec); INR =
Immediate nasal responseto allergen challenge (=thestatistically significant increase in the
nasal resistance parameters within 60 minutesafter the allergen challenge); Interpretation of the
"p values":p>0.05 = non-significant, p<0.05 = significant, p<0.01 = clearly significant, p<0.001
= highly significant
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Table60 Summary ofsome studies concerning the reproducibility ofrhinomanometry

techniques. The parameters were recorded in rhinitis and non-rhinitis

subjects at baseline.
 

Shelton et al.48) Ferguson and Thomas97a

Coetficient of variationE non-rhinitis subjects
of NARvalues in %

 

 
 

Rhinomanometry control rhinitis
technique subjects(n=15) subjects(n=12) Mean NAR CV SD

Passive anterior 10 12 0.219 27.9 415.6
Active anterior ll 18 0,252 30.6 +141
Active posterior 14 19 0.271 23.2 +15.2

Oscillation 9 9 - — -

Baseline-
mean NPGvalues in em H,O

Control Rhinitis Control ys
subjects subjects Rhinitis SE SD 28D

(CSsn=10) (ARS;n=12) (n=10/12)

 

 

GS) SRS: CS. CARS GS JARS

Balloon 0.8 1.2 Ll 0.2 0.3 0.3 0.5 0.6 1.0
technique (p>0.05) (p>0.05) (p>0.01)

NAR = Nasal airway resistance; Mean NAR = in Pa ml-!s;CV = Coefficient of variation; CS =
Control subjects; ARS = Allergic rhinitis subjects; SD = Standard deviation;SE = Standard error.
References: 11i,12,25b,184,185
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VII. POSSIBLE MECHANISM(S) UNDERLYING THE ”LNR”

Thereis no doubtof the existence of LNR,as it has been repeatedly demonstrated and
confirmed byseveralinvestigators 2:7-11¢,11f,12,14,14a-14c,15-17,19,24, 25,26,27a,27b,28,29,32-
34,35c,40a,40c-40f,41,41a-41d,41£41i,42,43,48,48d,48e,51, 51a-51¢,53-56,57a,72,72a-72¢,82,82¢,83,94,
95a,96,97,97b,97¢,97u,121b

The views on the pathogenetic and immunologic mechanism(s) presumably under-
lying theclinical LNR, however, vary.2:7:12,14,14a-14e,15-17,25,25a,26, 28, 29,32-34,35¢,40a,
A0c-40g,4 1a-414,416,41i,42,43,45,48, 48d,48¢,51,51a-51¢,53,54, 56,72,72a-72¢,82,82¢,83,94,95a,96,97,

97b,976,97u,121b

Thereis a variety of controversial information, results, and hypothesesin theliteratu-
re, trying to explainthe clinical phenomenon“late-phaseallergic reactions”. Therefore
wehave decided to summarize the known facts and hypotheses concerning the possible
mechanismsthat may beinvolved in the late type ofallergic responses, using the “late

nasal response” (LNR) as an example, and to combine them with our own and other
investigators’ results. The summary is presented in Figures 53a,b and Table 61.
However,the effects and possible role(s) ofall particular mediators, intermediators,

precursors, factors, chemotactic factors, derivatives, and recently reported cytokines,

adhesion molecules and other new compounds and molecules in the presumed mecha-
nism(s) underlying the LNRare not included in detail in this schedule.

A. THE LNR” AND THE "LATE TYPE HYPERSENSITIVITY”
[LH]

1. DEFINITION OF "LNR” AND “LH”

A distinction should be made between the LNR andthelate type ofhypersensitivity
(TypeIII allergy, Arthus reaction, immune complex state). The late type ofhypersensi-
tivity is a well-defined immunologic mechanism,characterized by involvementof IgG
and possibly also IgM antibodies, forming the immune complexes andresulting in the

complex inflammatory reactions leading to the tissue damage. }26-128, 128,128b
The LNR should be regarded asa clinical phenomenon,defined by the appearance of

nasal symptomsand complaints, predominantly obstruction, accompanied by other
symptomsand changes, within 4 to 12 hrs after the allergen challenge or exposure
(antigen-antibody interaction), which may be induced by complex mechanisms.”,7+!2
34,42-44,82,90,94,124, 129,130,130a,131,131a-131f Although the pathogenetic and immunolo-

gic mechanismsleading to the LNRcan bedifferent, the late type of hypersensitivity
should be regardedas oneofthe possible mechanisms involvedin the clinical LNR,but
is far frombeing the only one [Figures 53a, 53b (pages 377,177), Table 61].741b.72b
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2. SYSTEMIC LATE HYPERSENSITIVITY

Generally, in systemic late hypersensitivity (Type III allergy, Arthus reaction, immu-

ne-complex state), circulating antibodies of the IgG and IgM classes, being presumed to
play a majorrole, react with circulating antigens in the blood stream orin the vascular

wall, and in this way form the immune-complexes. !26-128,128a, 128b,129-131,132,132a The
immune-complexes then activate the complement system cascade,!2° especially C3a,

C5a, C5b, C6, C7,1324 with subsequentactivation of the blood-clotting mechanisms,
liberation of kinin,!29 release of lysosomal enzymes, vascular permeability factors and

other factors!26-128 from the polymorphonuclear neutrophil leucocytes,!26-127-128a,
128b,129,131b,131c, 133-136,136a-136d andrelease of vasoactive amines, lysosomal enzymes

and other factors from theplatelets, 129:128,129,136,137-139,139a-139d and activation of the
eosinophils.140-146

Besides various chemotactic and otherfactors, some cytokines mayalso participate in
the activation and stimulation of neutrophils,as it has recently been shown.1!51f
The IL-1 may enhance the blood neutrophil countand local neutrophil infiltration in
the tissue; TNF(@ + 8) may contribute to the local neutrophil infiltration in the tissue,

but they also can act as the chemoattractansfor the neutrophils, and finally IL-8 may
also contribute to the neutrophil chemoattraction,1315146a,146b
Data concerning the possible participation of cytokines in the immunoregulation and

activationofplatelets are notyet available in the literature.1398-1394
Thesefactors as well as platelets and neutrophils themselves, may then be involved

directly or indirectly in the tissue damage, whichis a complex ofvarious inflammatory

reactionstypical for the TypeILL hypersensitivity. !20-128,128a,128b, 129,13 Le,131f,132,134-
136,136b, 136¢,138,139,146a

The involvement of neutrophils, platelets and other inflammatory cells in thetissue
damagenecessitates firstly their activation, secondly their attraction to the appropriate
tissue, and thirdly their adhesionto andinteraction with the endothelial cells.!28> The

chemotaxis of neutrophils into the airways requires the expressionofthe cell surface
proteins that recognize and adhereto the natural ligands on the vascular endothelium.

Oneof such adhesionprotein, expressed onthe cellular membrane ofneutrophils is the

MAC-I1 (membraneattack complex =CD11b/CD18 complex).136¢

Increasing evidence also indicates that endothelial cells in the blood vessels may play

anactive role in the development ofthe immunologically mediated inflammation and
tissue damage due to the immune complexes. !464

‘The participation ofthe neutrophils in the inflammatory processes, among others in
the late hypersensitivity mechanisms, also through someother additional systems,
processes and pathways cannot be excluded. !4°* The kinin system, including its compo-

nents, such as Hageman factor, clotting factor XI, prekallikrein and high-molecular-
weight kininogen (plasma-tissue interaction), should be considered as one of such
additional pathways, since the neutrophils have been shown to contain neutral protea-

ses capable ofgenerating kinin and cathepsin D, leadingto the liberation of the pharma-
cologically active peptides of 21-25 amino acids, called leukokinins.1466 146g,146h
The IgG and possiblyalso IgM are presumedto play a majorrole in the formation of

the immune-complexesafter their interaction with an antigen, !26-128,128b, 132,147
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Table 61 Survey of the compounds, being productsof the particular cell types,
involved in the intercellulartraffic, signal transduction andin the cell-to-

cell communication, in both directions, both up- and down-regulation,

processes which maylead to the appearance ofthe clinical “LNR”
 

- Mediators, suchas - Various enzymes Superoxide anion O., and

histamine, serotonin, - Cyclic nucleotides other oxygen radicals

acelylcholine, bradykinin - Kinin system parts Various protein molecules

- Platelet activating factors - Clothing system parts lysosomal enzymes

- Leukotrienes - Properdin system parts Heparin

- Prostaglandins - Thromboxanes G-protein-linked receptors

- Cytokines - Particular electrolytes Phospholipids

- Chemotactic factors - MBP(majorbasic protein) Adenylate cyclase

~ Neuropeptides - ECP (eosinophil cationic protein) Tryptase

- Histaminereleasing factors - EDN (cosinophil-derived Chymase

- Complementparts neurotoxin}

- Membrane-associated - EPO (eosinophil peroxidase)

receptors - Membrane-associated molecules

- Adhesion molecules - Parts of cyclooxygenase pathway

- Calcium channel factors —_- Parts of lipoxygenase pathway

- Chloride channel factors - Adenosine

 

Fig. 53b.. THE POSSIBLE PATHWAYS UNDERLYING THE PARTICULAR NASAL
SYMPTOMS RESULTING IN LNR.

 

 

Stimulation Stimulation

directly indirectly directly indirectly Stimulation of
the mucosal receptors

Capillary network mucosa! glands
in the mucosal |
membrane :

1

1

Mucosal
edema ao. Heute tec erence

nasal ousneezing
obstruction hypersecretion itching

References: 11h,41b
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occurring in the bloodstream, in the vascular wall or, sometimes, in the tissue. The IgG

antibodies canalso directly activate the eosinophils through their membrane IgG recep-

tors, !40-142,146,147-149 and stimulate the macrophages, 150-15! neutrophils!4!.146,146e,
147,149-152 and platelets, 147, 151,153,153a,154,155 With regard to these facts, the IgG and
possibly also IgM antibodies might be suspectedofparticipating in the late hypersensi-
tivity mechanism. !28>

3. IMMUNE COMPLEXES[IC]

In the classical model ofthe immune complex-mediated inflammation, the antigen-
antibody complexes, cross-linkedin a lattice fashion, are formedinthe circulation and

are secondarily deposited in the tissue. The complexes, formedat the equivalence of
antigen and antibody, or at a moderate antigen excess, are of the mosteffective size for

the activation of the complement, and they also have the most prolonged residence in
the circulation. Complexes formedat the antigen or antibody excess are small, because

the saturation ofall antibody - or antigen-bindingsites respectively, prevents the mul-
tiple cross-linking required for thelattice formation, 1284,128b,147,156

Thesoluble antigen-antibody complexes formedin the circulation are deposited in

varioustissues. If the immune complexes are of a large size, they become trapped, parti-

cularly on the basement membraneand in the bloodvessels, where they are deposited
on the internalelastic lamina.!96a In addition to their size, the localization ofthe immu-
ne complexes in the particular tissue may also depend on some secondary factors, such
as bloodstream speed, blood flow turbulence,the ionic charge of the particular immu-
ne complex and other factors, 128b,156a

In contrast, some other investigators have presumedthat the antibody excess may

lead to a formation oflarger immune complexes with extensivelattice formation, which
would rapidly be cleared from the circulation, rather than their deposition in the vascu-
lar wall.12¢6
Immune complexes have been classified as follows: (a) class I: small, soluble, < 106

daltons; (b) class II: medium,less soluble, around 106 daltons; (c) class III: large, poorly

soluble, > 106 daltons.126,128b

The ability of immune complexesto activate the various mediator pathways may play

a vital role in their damage-producing effects and in their metabolism. Theability of the
immune complexes to activate complementis a very important condition for their

capacity to induce the inflammatory effects.128b,156,156b-156d Jt has also been shown
that such interactions may increasethe solubilizationoftherelatively insoluble immune
complexes by affecting their precipitating capacity and presumably also their rate and

site of the clearance,!55a,!56e-156h The deposition of the immune complexesis clearly
related to the local accumulation of neutrophils and platelets in the wall ofsmall blood
vessels and in the surroundingtissue. 128b,148,156,156c,156i The accumulated neutrophils
undergo leukocytoclasis, the wall of the blood vessels become swollen, and the endothe-

lial cells appear to be damaged.128> The endothelial cells are then able to synthesize
somepro-inflammatory cytokines, such as [L-1, IL-6 and IL-8,128> as well as some
proteolytic enzymes, !28b vasoactive compoundsincludingprostacyclin, endothelial
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derived relaxing factor” (EDRF) and some lipid-based mediators, suchas platelet

activating factors (PAF),159) indicating their active participation in the inflammatory

responses. Finally, the endothelial cells constitute a major barrier against the fluid being

lost from the vessels and their damageresults in the increased permeability at the sites of
the inflammation.159j

The endothelial cells are also able to synthesize and express a series of adhesion

molecules on their surface, which are glycoproteins mediating the cell-cell and thecell-
matrix interactions, playing an importantrole in the inflammation processes. !28156j

The endothelial cells can express variouscell adhesion molecules from the most fami-

lies, such as integrins,selectins, adherins, immunoglobuline supergene family and
cartilage-link proteins. !28b:156) Some of these cell adhesion molecules on the endothelial
cells are able to mediate the attachmentof the leukocytes, among others neutrophils,
andplatelets to the endothelium, by binding with the corresponding cell adhesion
molecules present on the surface of the leukocytes. !28b,156),156k The intercellular adhe-

sion molecules-1 and -2 (ICAM-1, ICAM-2), presenting on the surface of the endothe-
lial cells, bind to the cell adhesion molecule LFA-1 (= CD11a/CD18) expressed on the

leukocytes.456) The ICAM-1 expression can be increased by IL-1, TNFa, IFNy and LPS

(= lipopolysaccharides), triggering the production of some cytokines,e.g. IL-1, IL-6, IL-

8, TNFa, TFNo3!28b-1561 this in turn leads to the enhanced leukocyte binding and

subsequent migration into the tissue. 128b,156d,156j
Moreover, the "endothelial cell leukocyte adhesion molecule” (ELAM-1) or so-called

E-selectin”, vascular cell adhesion molecule-1” (VCAM-1), ”inducible cell adhesion

molecule-1” (INCAM-110), and ’granular membrane protein-140” (GMP-140) or so-

called ”P-selection”, are usually not expressed by endothelial cells, but their expression
can be induced rapidly by some cytokines, such as [L-1 and TNFo, (ELAM-1, VCAM-1)
or histamine (GMP-140).1464,156),156m The ELAM-1 and GMP-140 preferentially bind
the neutrophils, whereas VCAM-1 may have moreaffinity for monocytes and lympho-

cytes, 128b.146d,156j-156n The GMP-140 and the so-called “platelet activation dependent

granule-external membrane protein” (PADGEM), belonging to the P-selectins, express

also the chemotactic activity for platelets.15¢) Recently, a new endothelial cell surface
adhesion molecule has been reported, the ”vascular adhesion protein-1 (VAP-1)”.156P
Platelets also express various membraneglycoproteins, being involved in their adhesion,

such as “integrin superfamily of adhesionreceptors (o + )), a subgroup ofthem are
very late activation factors 2,5,6” (VLA-2,-5, -6), ”selectins”, such as GMP-140, and
”platelet-endothelial cell adhesion molecule-1” (PECAM-1).159«

The ability ofimmune complexesto activate the complement system represents one
of the pivotal conditionsfor their capacity to induce the inflammatory effects. 128b. 150,
1S6b-156e,156r The activated complement then plays an important feed-back role in the
clearance of the immune complexes.128b,156 The complementactivationcan be initia-
ted either throughtheclassical (CCP) or the alternative pathway (ACP), depending on

the immunoglobulin class. }284,128b,146h The IgG, IgG subclasses 1,2 and 3, and IgM-

containing immune complexes may activate the complementvia the classical pathway,

whereas IgA-containing immune complexes mayactivate the complementprobablyvia
the alternative pathway. The IgD and IgE do notactivate the complementsufficiently
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and efficiently. The valence of the antibody as well as of the antigen affects the size and
composition of the immune complexes. !28>

The monovalent antigens combine with only one antibody binding site and are not

able to cross-link the antibody molecules, whereas the multivalent antigens are able to
bind the multiple antibodies with different specificities and to form the large immune
complex lattices.128b Theprincipal inflammatory factor derived from the complement
cascade appears to be C5a, which also express the chemotactic activity for the neutro-

phils. 126.128a,132a,156b

4. THE COMPLEMENT SYSTEM

The complement system includes approximately 20 distinct proteins which can be
divided into four main groups, the classical pathway (CCP) components,the alternative

pathway (ACP) components, the terminal componentsand the contrel proteins.!5¢s

Two major pathways of complementactivation operate in plasma,a classic and an
alternative pathway.128a,128b,156,156¢,156r The classical complement pathwayis usually

initiated by antigen-antibody complexes, whereas the morerecentlydiscovered alterna-
tive complement pathway does not necessarily need the presence ofan antibodyforits
activation.156.156b-156d Both pathways operate through the interaction ofspecific
proteins, called components. Both the pathways proceed by meansofsequential activa-

tion and assemblyofa series of proteins, leading to the formationofa complex enzyme

capable ofbinding and cleaving a key protein, C3, which is commonto both path-

ways, !28a,128b,156r Thereafter, both pathways proceed together throughthe binding of

the terminal components to form a membrane attack complex (MAC), which ultimate-

ly causes thecell lysis,1284, 128b,146h The proteins of each pathway interact in a precise
sequence,called cascades.15¢156b At several points in the activation sequence an inacti-

ye precursor molecule or zymogenis activated, with the zymogen acquiring the proteo-

lytic activity specific for its substrate. This substrate is in turn activated ready to carry
outits role in the cascade. One of the most important consequencesofsuch a cascade

systemis that the stepwise amplification can occurat each activation step, since the

newly generated proteolytic enzymeis able to activate a numberofsubstrate molecu-

les.156s When a proteinis missing, e.g. in the case of somedeficiences, the sequenceis
interrupted at that point.146The early steps in the activation process are associated

with the assembly of complementcleavage fragments to form enzymesthat bind the

next proteins in the sequence to continue the reaction cascade (these enzymesare
designated with a bar above the symbol ofthe componentto indicate the active enzy-
matic activity), 1284,128b,150, 15eb,156r

Theclassical complement pathway includes the following components: Cl (q,r,s), C,

and C,, whereas the alternative pathway includes components,such as properdin,factor

B, factor D, The component C3as well as the terminal components C5-C9 are common
to both pathways,!28a,128b,146h, 156, 156b-156e,156r Recently, other proteins have also been

identified as participating in the classical pathway, such as C, -in and C4bp.!5¢ The

complementsystem is under the control of the so-called ’control proteins” present

either in the plasmaor onthe cell membranes, such as C, -inhibitor, C,-binding pro-

tein, factor H, factor I, S protein, anaphylatoxin inactivator and SP 40,40, which execute
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Fig. 55. SCHEDULE OF C3 CONVERSION
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the whole regulatory role of the complement system, includingthe particularstimulatory

as well as inhibitoryactivities [Figures 54, 55 (pages 181, 378)].128a.128b,156, 156b-156e, 156r
The complement system modulates and amplifies a variety of biologic effects, inclu-

ding also those of immune complexes.

[A] THE CLASSICAL COMPLEMENT PATHWAY[CCP]

(1) Initial steps of the “CCP”

Circulating complexes containing either a single IgM or adjacent IgG (doublet) mole-

cules interact with C1 and initiate the classical complementreaction sequence. !32a
In humans, the antibodies of the appropriate classes and sub-classes (IgM, IgG, IgG p

IgG., IgG.) bind to an antigen to form the immune complexes, whichare then able to
bind and to activate the first componentofthe complement, C1.156156b-156g,156i,156p,
156t-156y Only one molecule of IgM antibodyis needed forthe activation of Cl, but the
IgM molecule must engage the antigen by more than oneof its Fab arms. In contrast,

two IgG molecules mustbe in close proximity in order for the C1 binding and activa-

tion to occur. The requirementfor an IgG doublet reduces the efficiency of the immune

complexes composed of IgG, as compared to IgM,as activators of the classical path-
way. !52a

In its native state, Cl is composed of three biochemically distinct sub-units (glycopro-
teins) Clq, Clr and Cls, which form the intact trimolecular complex with calcium as

the ligand.126,.132a,156.156¢,156s Two interacting subunits have been recognized within
the Cl component, Clq and Clr,s,.!56s Clq is the recognition subunit andbinds to the
CH. domain ofthe Fc regions of the IgG and IgM molecules, beingaltered byinterac-
tion with an antigen or by non-specific aggregation. The binding of Clq varies with the
heavy chain composition of IgG: interaction with IgG, is the greatest, followed byIgG,

andIgG,whereas IgG, molecules are not bound. !°¢" A single activated C1 molecule

(C1) cleaves hundreds of C4 and C2 molecules, forming the C4b,2a enzyme. !324 In

turn, C4b2a cleaves thousands of C3 moleculesinto a free 8400-dalton C3a fragment

and a 171,000-dalton C3b fragment, which when boundyield antigen-antibody-C3

complexes. A third enzyme, C4,2,3b, activates native C5 by limited cleavage (C5 >

 

CSa+C5b) 12a, 156t The C3is essential for the generation of complement-dependent
inflammatory mediators,!56-156¢ [In addition to monocytes, neutrophils and B-lympho-

cytes have C3b receptors, designated CRI, that interact with the antigen-antibody-C3b
complexes. This attachment phenomenonis called ”immuneadherence” and forms the
first step in the uptake and degradation of the immune complexes by the phagocytic
cells.126,156

The binding of Clq to the antibodyresults in the activation of Clr.156a,156i,156y The
activated Clr (Clr) possesses serine protease activity andis capable of converting Cls to

its enzymatically active form, Cls, !32a,15¢6

Theactivated Clsthen activates the C4 component.!57 Native C4 is composed of3

chains,  B, ¥ linked by disulfide bridges.1574 The activation of C4 by C1 is accomplis-

hed by the cleavage of a small peptide (C4a) fromthe alpha chain of the molecule. !57
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This exposes an interchain reactive thiolester in the remaining portion of the alpha

chain of the larger cleavage product, C4b.157,157b The nascent C4b then binds covalent-
ly to the cell surface or to the immunoglubin by meansofeither amidation of the amino

groupsofproteins by the acyl groupofthe thiolester, or esterification of the hydroxyl
groupsofthe polysaccharides. !322

The activation of C4 by Cl is an amplification step in the complementcascade, since

one enzymatically active C1 can deaye multiple C4 molecules.!324 The C1 thenactivates
the C2. The cleavage of the C2 produces a small peptide, C2b, whichis released into the
fluid phase. The larger fragment C2a, remains complexed with the C4b to form a bi-
molecular enzyme C4b,2a also called C3-convertase of the classical pathway,157 whichis
capable ofcleaving the C3,resulting in the production of C3a and C3b, and thereby
initiating the assembly ofthe terminal components C5-C9, into the membrane attack

complex. !32a,157 The generation and expression of the C3 cleaving enzyme, C4b,2a is
controlled by a variety of factors, such as (a) the high lability of this enzymecausingits
spontaneous decay with release of the C2a and loss of enzymatic activity, !32@ (b) the Cl

esterase inhibitor, binding covalently to Cirand Cls, dissects the Cl macromolecular

complex, (c) the C4-binding protein (C4BP), by binding to C4a, increases the rate of

dissociation of C2a fromthe C4b,2a enzyme and increases the susceptibility of the C4b

to proteolysis caused by C3b/C4b,also called factor I, and (d) the decay accelerating

factor (DAF), an integral membraneprotein, which also contributesto the release of

C2a from the C4b,2a complex.1579157y

 

 

(2) Activation of the C3, also including the C3 conversion

Theactivation of C3 leads to the rise of cleavage products C3a, having anaphylatoxic
activity, and C3b, expressing opsonicactivity. Moreover, C3bparticipates both through

the classical and throughthealternative pathwaysin the activation of the C5, and pro-
bablyalso of the other terminal components (Figure 55),!324
The C3 activation, both through the classical and through the alternative pathways,

leads anyway to a rise of two fragments, C3a and C3b. However,in the C3 convertase

participating in theclassical pathway (=C4b,2a), the C2a represents theactive site, while

in the C3 convertase taking part in the alternative pathway (=C3b, Bb), the Bb is the

active component (Figure 55),!32a

The activation ofC3 forms an important amplification step in the complementcas-

cade, since each C3-cleaving enzyme can cleave hundreds ofC3 molecules. The cleavage
of native C3 by the C3 convertase leads not only to a release of a small peptide, C3a, from
the alpha chain into the fluid-phase, whereit can act as an anaphylatoxin, butalso to the

creation of nascent C3b. The internaltriolester in the C3 alpha chain,similarly to the C4,
then becomes disposable for amino- as well as transalyte hydroxyl groups.!57b Some

nascent C3b molecules are released into the fluid phase and are there inactivated by
hydrolysis, whereas others may bind covalently to the immunoglobulinsorcell surface

by meansoftransamidationortransesterification.'!57© The C3b boundto the cell surface
can act, at this moment,as an opsonin and/orit can combineeither with the classical or

with the alternative pathway C3-cleaving enzymes to create two new enzymes,the classi-

cal pathway C5-convertase and the alternative pathway C5-convertase.152a

 

183



The late nasal response

The C3 bound to thecell surface may then be degraded byfactor I and/or various
proteases. This C3b degradation gives rise to the appearance of a numberofdifferent

cleavage products, such as: iC3b, C3c, C3d, C3g, C3e, C3dk etc. 1328

(3) Activation of the terminal components

The cleavage of the C5 into two fragments, C5a and C5b,represents thefirst step of
the activation ofthe terminal complement components.!52@ The C5-cleaving enzyme of

the classical pathway consists of C4b,2a,3b, whereas thatof the alternative pathwayis

composed of C3b, Bb,3b.157:1574 The two C3b molecules in the alternative pathway C5-
cleaving enzyme accomplish variousfunctionswithin the trimolecular complex, such as
binding of the Bb sub-fragmenttothecell surface in the proper configurationfor ex-

pression ofits enzymatic activity, or binding of the native C5 in the suitable location for

cleavage by Bb sub-fragment.1974
Analogically to the C3, the activation of C5 by C5-convertase leads to cleavage ofthe

alpha chain in the same locationfollowed by rise of the small peptide, C5a, and the

large peptide, CSb.132 The C5a after release into the fluid phase, can play a role as an
anaphylatoxin and chemotactic factor.132@ On the other hand, the C5b interacting with

the C6 component, becomesstabilized by the C6, andinitiates the formationofthefinal
target of the whole cascade, the membrane attack complex (MAC), a multimolecular
complex consisting of C5b, C6, C7, C8 and C9, which accomplishesthe cytolytic and

destructive activity. !57¢.!57fThe particular complement componentsperform specific

funtions within the MAC.157.1576157g The C6 stabilizes the C5b,!57h the C7 mediates
the insertion of hydrophilic domains of the C5b,6,7 complex into the cell membrane,
and the C8 not only amplifies the insertion of the complex, but also contributes to the
formation ofsmall transit gates in the cellular membranefor the passage of the small
molecules. The interaction C5b and C68is capable ofinitiating the polymerization of
C9,157f a process leading to enlargementof the small membrane gates and to a forma-
tion ofthe large transmembranechannels through whichthe lipid molecules and other
constituentsofthe target cell are displaced, a process resulting in finallysis of the target
cell, 157e,1576,1572,157i

 

The formation ofthe MACis regulated by twoproteins, the C8-bindingprotein,also
called "homologousrestriction factor”!32aand the more recently described CD59 or
HRE 20 factor, 132a,1573,157k

The CD-binding protein, a widely distributed protein on the cell membrane ofthe

peripheral bloodcells, has significant sequence homology with both C8 and C9,interf-
eres with the interaction ofC8 and C9 on the normal cell membranes, andin this wayit

impedesthe formation and insertion of the MAC. The CD59 ofHRF 20 protein has no
homology witheither C8 or C9, but may inhibit the unfolding of the C9 requiredforits
polymerization and membraneinsertion.!97)-157m

[B] THE ALTERNATIVE COMPLEMENT PATHWAY [ACP]

(1) Initial steps of “ACP”

This pathway can beinitiated by antigen-antibody complexes. However, under cer-

tain conditions, it also can be initiated in absence of the antibody.1576,1572,157p The
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appropriate agent, either antigen-antibody complex or antigen alone, activates the C3

component. Evenin the absence ofthe activation of the classic complement pathway, a

degree of the C3 conversion occurs due to the spontaneous hydrolysis and this is enhan-
ced by other proteases, e.g. plasmin, or by other inflammatory products. This "low-

level” or ”tick-over” C3 conversion makesit possible for the alternative complement

pathway to operate without the activation of earlier components ofthe classical path-

way.156s ‘The native C3, like the C4, containsan internal thiolester that spontaneously
hydrolyzes. !57,157r,157s The hydrolyzed C3, also called C3(H,O), has some properties

and is capable of executing some functions similar to those of the C3b,including the
ability to bind the factor B and to mediateits cleavage by a serine-protease, also called

factor D. The factor B is then cleaved into a small (Ba) and a large (Bb) fragment. The
Bb fragment associates with the hydrolyzed C3 molecule to form a low-grade C3-
cleaving enzyme, C3(H.,O)Bb,called the ”priming” C3-convertase.!32@ This enzyme

produces a continuouslow rate cleavage of C3, and in this way also the continuous
generation of nascent C3b. Analogically to the C4 componentin the classical pathway,

the cleavage ofthe native C3 componentin thealternative pathway exposesthe intra-
chainreactive thiolester, followed by transacylation with the particular acceptor groups

onthe surface ofthe appropriatecells.
The covalent binding ofthe nascent C3bto a cell surface leads to a formationofthe

reversible complexes with factor B, andis then cleaved by factor D, a process resulting

in the generation ofa very potent C3-cleaving enzyme, C3b,Bb,called the "amplifica-
tion” C3-convertase.

It should be noted that the nascent C3b is not only a product ofthe alternative path-
wayC3-cleaving enzyme, butit is also a part of the enzymeitself. Therefore the activa-

tion of C3 within the alternative pathway can also act as a positive feedback amplifica-
tion loop. !32a,157

Furthermore,since the activation of the classical pathway leads to the generation of

the nascent C3b, the classical pathway would also be able, under some circumstances, to

activate the alternative pathway.!32a

(2) Activation of the C3

Thealternative pathway is regulated and controlled by a variety offactors, such as: (a)
the properdin (-system) whichstabilizes the binding of Bb to the C3b and decreases the

intrinsic decay of the rather labile C3b, Bb enzyme;!57.157t (b) factor H offers an alterna-
tive elementto factor B for binding to C3b in the assembly of the C3b,Bb enzyme and

additionallyit is capable of displacing the Bb factor from the already formed enzyme

complex.!5?7)!57u,157v Moreover, factor H is also capable of increasing and/or accelera-

ting the inactivation of the C3b caused by factor I;!328 (c) factor I inhibits the C3 clea-
ving enzyme ofthe alternative pathway by meansofinactivating the cell bound C3b

through a proteolytic cleavage resulting in the generation ofiC3b.157

However, the binding of factor H to a particle, and thusits inhibitory effects on the
alternative pathway C3-cleaving enzyme (C3b, Bb), is favored by the presenceofsialic
acid residues onthe particles. ‘The particles rich in sialic acid are therefore pooractiva-

tors ofthe alternative pathway. !97s197y
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(3) Activation of the terminal components

These steps of the ACP are similar and commontothose of the CCP.

[C] CONTROL OF THE MEMBRANE ATTACK COMPLEX [MAC]

The formation of the MACis regulated both in the fluid phase and onthecells.156u,
157,157£,157g,157i The C5b-7 complex can insert into the biologic membranes. The

control in the fluid phase prevents diffusion from the activation site or target. The S-
protein (Vitronectin), a 84-kD glycoprotein,is the major fluid-phase inhibitor ofthe
MAC.By meansofits attachment to the MAC,the S-protein blocks the ability of the
C5b-7 to attach to a cellular membraneofthe target cell.196r-157m The recently descri-

bed SP-40,40 protein (Clusterin) may inhibit the MAC formation in a similar manner

to that of the S-protein.!5* The CD59 glycolipid-anchored protein, also called >mem-
brane inhibitor ofreactive lysis” or ”protectin”, having binding sites for both the C8 and

the C9, is capable of inhibiting the MAC assemblyafter the stage of the C7 binding.15¢
157k,157m, 158a

[D] RECEPTORS FOR COMPLEMENT COMPONENTS ON

THE CELL SURFACE (MEMBRANE)

The ninedistinct types of receptors for the complement components or theircleavage
products existing on the membraneofvariouscells have been recognized until now.
These receptors, being in reality surface molecules that specifically bind with the parti-
cular components, may be divided into two groups:(a) receptors that bind the small
diffusible andoften labile products ofthe complement cleavage process, such as C3a
and C5a; and(b) receptors that bind thelarger cleavage products, such as C3b, being
stably bound to the immune complexes orvariousparticles, 132a,157,158b,158¢

The complementreceptors canalso be divided accordingto their ligands into: (a) The
fluid phase activation peptides of C3, C4 and C5 components, such as anaphylatoxins
3a, C4a and Ca, which bind to either C3a/C4a or C5a receptors. These receptors

initiate the importantevents of inflammation; (b) The C proteins being deposited on
the immune complexes or surfaces that activate the alternative pathway, ligands inclu-
ding fixed C3 and C4 fragments (C3b, iC3b, C3d, C3dg and C4b), Clq and factor H.

The receptors for these ligands have a majorfunction in promoting the enhanced
recognition of pathogenic substances, and particularly when present on the surface of
the phagocytic cells, to initiate and operate the clearance and destruction ofthe solubili-

zed immune complexes and opsonized microbial agents.!58< The complementpart re-
ceptors have been demonstrated on the membraneofyariouscell types in both animals
and humans.132a.146h,156r,157,157b,157e-157h,1571,157r,157s,157u,157v,158,158a, 158d-158l

However, the finding of the complementreceptors also on the membrane surface of T-

lymphocytes and antigen-presentingcells, provides evidence for somerole ofthese
receptors in the lymphocyteactivation and antigen presentation, and in enhancing the
primary response to certain T-cell-dependent antigens. !57¢158c, 158m-158p Regarding

this evidence, neither the role of complementand/orits parts in the delayed (cell-me-
diated) hypersensitivity mechanisms, nor the contribution of the T-lymphocytes and

their related factors to the other hypersensitivity types, can be excluded. Furthermore,
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the CR2 (C3dg, C3d) receptor ligands have also been shownto stimulate the B-lympho-
cytes in a similar mannerto the B cell growth factors.158r

(1) Clg receptors

The Cl componentbinds to the aggregated immunoglobulin,a process whichleads
to the activation of the Cl proteaseactivity. The activated Clr and Cls sub-units are

inactivated and dissociated by Cl-inhibitor, whereas the Clg remains untouchedat the

site of the Cl binding.The Clq receptor can augment the binding ofthe immune com-
plexes to the cells bearing both Clq and Fc receptors. The Clq receptorbinds the
immune complex-associated C1q preferentially. '58¢ Various cell types express specific

receptors for Clq, mostly through the collagen-like parts of the molecule. !5761586158m-
158u The Clq bindingto its receptors on the surface of the polymorphonuclear leukocy-
tes (eosinophils, neutrophils)!57m: 158¢,158m,158s-158u and mononuclear phagocytes

(monocytes, macrophages) 157¢158¢,158m-158u enhances their capacity to phagocytize
the targets having been previously opsonized with IgG and C3 fragments, increases the
respiratory burst and supportsthe intracellular and extracellular killing capacity. 32a,
156,156e,157g,158¢

The Clq receptors have also been found on the surface ofthe endothelial cells, plate-
lets, vascular smooth muscle cells and fibroblasts. !322:157¢

Since the Clq has chemotactic activity for fibroblasts, it may contribute to the platelet
as well as fibroblast adhesionat the sites of the inflammatory processes and tissue
damage. !32«

The Clq also bindsto the B lymphocytes. This binding maybeeffective only under
simultancous stimulation of the B cells by either polyclonalactivators or soluble pro-
ducts ofT-lymphocytes, both being able to cross-link the products ofB cell and Clq
receptors, resulting in the enhancement ofthe IgM and/or IgG production, !56.156b,15el,
157,158¢

The Clq has also been shown:(a) to inhibit the collagen-induced platelet aggregation
and serotonin release;!58y (b) to enhance the FeR-mediated uptake of soluble IgG-

bearing immune complexes by lymphocytes;!58w (c) to potentiate the FcR-dependent

killing of IgG-coatedtarget cells;!56.156¢ (d) to inhibit lymphoblastoid cell expression of
interleukin-1 (TL-1)146b.158z and (e) to act synergistically with the FcR on neutrophils,
eosinophils, monocytes and macrophages in enhancing the production of superoxide,

phagocytosis and cytotoxicity of the non-phagocytizable particles or organisms. !58t.158x,
158y Clq receptor seems therefore to have a certain function in promoting the enhanced

recognition ofthe lgG-bearingparticles via FcR. 158¢,158t-158y

(2) Anaphylatoxin receptors (C3a, C4a, C5a)

The receptors for C3a have been foundonthesurface of mastcells, basophils, eosi-
nophils, neutrophils, platelets and smooth muscle cells.158¢-158d,158e, 158k, 159,159a-159¢

These receptors bind the C3a with a high affinity. !58¢

The cellular receptors for C5a have been demonstrated on the membraneof mast
cells, basophils, neutrophils, eosinophils,mononuclear phagocytes (monocytes, macro-

phages), endothelial cells and smooth musclecells.!58g.158h
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The C5a receptors bind the C5a with a very high affinity and even extremely low Ca
concentrations can elicit a distinct clinical reaction.198¢
A yariety of other complement components,proteins ortheir fragments, such as

factor H and cleavage products of factor B (fragments C2b and C3b), have been repor-
ted to have the sameeffects on various cell types, presumably through the membrane
receptors. These effects include increased vascular permeability, increase in the leucocy-

te count in the bloodcirculation, degranulation of the phagocytic cells and the up — as
well as down — regulation of the production of immunoglobulins by B-lymphocytes/
plasmacells.132a,156,156c,156r,156%157m,158¢,1584,158i, 158k,158],158m

(3) Receptors for C3 and C4 components and fragments

The 4 membranereceptors for the C3 fragments, CR1, CR2, CR3 and CR4 with mul-
tiple and overlappingligand specificity have been demonstrated on the membranes of
various humancell types.!56"158c,158h These receptors mayplaya role not only in the

phagocytosis processes, butalso in the deposition of the circulating immune complexes,

immuno-regulation andactivation of the particular types ofcells. 196u158¢ The CR1
should be considered a primary mechanism reducing the pathogenesis ofcirculating

immune complexes present in both infections and auto-immuneprocesses. 157/158b
The CRIreceptor,also called ”C3b receptor”, CD35 molecule, or ”immuneadheren-

ce receptor” has been found on the membrane ofmastcells, basophils, eosinophils,

neutrophils, monocytes, macrophages, glomerular podocytes, B-lymphocytes, some T-
lymphocytes (CD4+) anderythrocytes, 1324,156r158b, 158¢,158h,159d-159Besides the C3b
fragment, the CR1 receptor probably also binds some degradation products of C4, such

as C4b.156r The CRI receptor present on the membraneofthe phagocytic cells in low
numbers can be, however, upregulated by factors such as INF~y, C5a, INF, or even some

bacterial products. 132a,156r,158¢

The CR2receptor, also called °C3d or C3dg receptor” or CD21 molecule, has been
demonstrated on the membrane surface of B-lymphocytes, immature epithelial cells,
lymphnodefollicular dendritic cells andin a few thymocytes, pharyngeal epithelial cells
and somesub-types of T-lymphocytes, 1324,156r,158c, 159),159 The CR2 receptor binds

the degradation products ofC3, such as C3d and C3dg,156r.158¢,158r This receptoris
used by somevirustypes to promote virus penetration into the particular cell types. !5°>
158e

The CR3 receptor, also called iC3b receptor” or CD11b/18 molecule, and the CR4
receptor also designated CD 11c/18 or p150,95 molecule, belong to the "integrins
family” of glycoproteins expressing adhesive functions.156r-159¢ The CR3 receptorhas
been found onthe surface of neutrophils, monocytes, macrophages, eosinophils, some
cytotoxic T-cells, follicular dendritic cells and LGLcells (CD3-, TCR-, Ig, CD16*,

CD25+, CD56+, CD57+), called large granular lymphocytes with naturalkiller
function,!324)156k, 158¢,159k,1591,159m,159w This receptor binds not only some C3 degra-
dation products, such as iC3b, but also other factors and proteins includinglipopoly-
saccharides, B-glucans, fibrinogen and factor X.152a,156r,158¢,159m
The CR4 receptoris prominenton thecellular membrane of macrophages, but it has

also been demonstrated on the surface of monocytes, neutrophils, large granular lymp-

188

The late nasal response

hocytes andfollicular dendritic cells, 59%158¢,1591,159p This receptor binds the iC3b
fragment, lipopolysaccharides and someother cellular adhesion ligands, 1324,156k.156r,
1S8e159W The CR3 and CR4 receptors participate in promoting the uptake of some
microorganisms by the phagocytic cells.!58¢

[E] ACTIVITIES EXECUTED BY THE ACTIVATED

COMPLEMENT SYSTEM AND/ORITS PARTS

(1) Anaphylatoxic activity

The anaphylatoxic activity is carried out by anaphylatoxins, C3a and C5a fragments,
being the smaller cleavage products from the N-terminal portion of the alpha chains of
the C3 respectively C5 components, 157:1586158d,158¢,158i
The production ofanaphylatoxins follows not only from the complement system

activation, but also from theactivation of other enzymesystemscapable of cleaving
directly the C3, C4 and C5 components, such as kallikrein, plasmin,tissue and cellular
elements (leukocytes, especially neutrophils) releasing lysosomal enzymes and micro-
organisms producingbacterial proteases.158k The inflammation in the tissues stimulates
the local production ofthe anaphylatoxins, which, by increasing local blood flow and
vascular permeability and by their chemotactic effects, recruit variouscell types and

proteins to the site of the inflammation.!57
Both anaphylatoxins are degraded by carboxypeptidase N in plasma,to the C3ages arg

and C5ages Arg Products respectively,!57 The C5a is more potent than C3a andalso
thanits derivate CS5age, arg 1°7158e158e However, the C5age, arg is supposed to be the
major complement-derived inflammatory peptide ” in vivo”158¢-158e The anaphylato-
xins have various biologiceffects leading to the triggering ofa variety of processes that
mayparticipate in the generating ofthe hypersensitivity and inflammatory mechanisms.

158cl, 158e, 198i, 198k, 159n The C3a and C5a may induce the contraction of smooth muscles,
increase the vascular permeability and by meansofligation to their receptors on the
cellular membrane of mastcells and basophils they may induce the degranulation of
these cell types, followed bythe release ofhistamine and probably also other mediators.
157, 158c-158i,158k,159,159n

The systemic effects of anaphylatoxins are usually well regulated by the activity of
carboxy-peptidase N and by the rapid influx of the neutrophils and monocytes to the

sites of complementactivation. The receptors of neutrophils and monocytes act as a
sink for C5a, whichis internalized and inactivated by proteolysis. However, under

certain circumstances, when complementis extensively activated, the mechanisms
preventing the C5a effects mayfail and serious consequences ofthe C5a activation
occur, Such consequencesinclude the release of toxic neutrophil products, such as

oxygenradicals and/or granule constituents, such as neutrophil elastase. 157.159

(2) Chemotactic activity

The chemotactic activity is exercised by C5a, whichis a smaller product ofthe cleaved
O5 component.!57 The C5a fragmentis a highly potent chemoattractant for neutro-
phils, eosinophils, basophils and monocytes, !564157,158¢ and it also promotes the aggre-
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gation and adherence ofphagocytic cells to vascular endothelium.!32#!57 Possessing
these effects, the C5a is capable ofparticipating in the attraction of migrating phagocy-
tes to the lung andperitoneal cavity tissue, being a site of the immune complex deposi-
tion or bacterial attack.!57 The activity of C5a is accompanied by degranulation ofthe
neutrophils and lysosomal enzymerelease from neutrophils, enhanced oxidative activity

leading to the production ofbactericidal oxygen derivates, and stimulation oflipoxyge-

nase activity resulting in the LTB, production by neutrophils, !97:159n,199", 159s

(3) Opsonic activity

The opsonicactivity (which means ”to prepare for ingestion”) is executed by the C3b
fragment, being a cleavage product ofthe activated C3 component.!324158¢ The C3b
fragment, after it has been fixed to the surface ofthe particles, such as immune-com-

plexes or a micro-organism,is capable ofacting as an opsonin.!52@, 156r,157,157n The
C3b promotesthe attachmentofthe particles to the neutrophils and non-activated

monocytes and when a small amountofIgG antibodies is bound to the particle,its
processing bythese cellsis also stimulated by the C3b fragment. !329)!5¢¢ The binding of
IgG antibodies to the Fc receptors, expressed on the surface of phagocytic cells, leads to

the distinct amplification of such phagocytic response whenthe target-bound C3b also
simultaneously interacts with the CR1 receptor on the surface membrane ofthese
phagocytic cells, !32a,156c,156r, 1591, 159v In contrast, in the already activated macropha-
ges, the interaction C3b-CR1triggering the processing and the phagocytosis ofthe

particles, is not conditioned by the presence of the IgG antibodies, !324196¢,159u
Analogically to the C3b fragment, particles carrying the C3b degradation product,

iC3b, ontheir surface, are capable of interacting with the CR3 receptor. !324156

Similarly to the C3b-CR1 interaction, the iC3b-CR3 complex also needs the presence
of IgG antibodyto initiate the phagocytosis of the appropriate particles, 132a,156¢,156r,1591
The CR3is probably the most prominent opsonic complementreceptor "in vivo”,

since the iC3b is the most dominant fragment appearing onthe surface of various
particles, !32a,156r,1591

Convincing evidence has been provided for the prominentrole ofthe C3-related

activity in the mechanism(s) underlying the complement-mediated host defence.!524
However, our knowledge of these mechanisms in humansstill remains incomplete. !56t

(4) Bactericidal activity

Bactericidal activity of the complementsystem is generated by the activation of the
terminal components C5, C6, C7, C8 and C9, and by assembly of the MAC.1!32@ This

activity can also be generated in the absence of the C9 complement component, which

then seemsto be slower than in the presence of the C9 component. !57h.157m The outer
lipid membrane ofthe gram-negative bacteria seems to be thesite of the C5-C9

action.132a

(5) The role of the complementin the antibody formation

The role ofthe complementin the antibody formation includes various aspects. }32a.
156,156b-156d,156r The macrophages, monocytes, B-lymphocytes and somesubsets of the
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T-lymphocytes have receptors for the C3 and C5 cleavage products.!58¢ The C3 and C5
cleavage products can influence the antibody formation and production through affec-

ting the functions of somecells participating in the antibody generation, !58b,158m-158p

(6) The role of the complementin the processing of immune complexes

The role of the complementsystem in the processing of immune complexes may be
manifold,as it has been repeatedly suggested by variousinvestigators.128.128a,128b, 132a,
146h,156,156a-156g,156i,156p,156t-156y,158b The activated C3b fragmentcarrying the opso-

nic activity can enhance the uptake of immune complexes by macrophages "in vitro”.157
Theactivation ofC3 via the classical pathway maypartly inhibit the precipitation of the

immune complexes from the serum,!58i whereas the activated C3 via the alternative
pathway supports the solubility of the already formed immune complexes,1558156,1566
156g,156u,156v,157 Both the prevention ofprecipitation and thedissolution of the immu-
ne complexes maybe realized through the covalent binding ofthe C3b fragment to
these complexes.156.157 The extent of the immune complex inflammation could be

limited by a possible control system, including C3 convertase.15°£ It has been shown
that immune complexes becomesoluble by the C3 convertase. !566156g.156u This enzy-
meis formed bythe activation of C3 by the factor B ofthe alternative pathway. When
the C3 convertase is bound to immune complexes at equivalence, C3 fragments disso-

ciate antigen-antibody binding, thereby breaking up the immune complexes.1284,156

Small quantities of immune complexes are formed regularly in the absence of any
disease. Normally, they are present transiently in small amounts, but they do notlocali-

ze alongfiltering membranes and do not cause any injury. These small immune-com-
plex amountsare eliminated through the phagocytosis by macrophagesofthe mononu-
clear phagocyte system (formerlycalled reticulo-endothelial system), which contain the
membranereceptorsfor the Fc region of the IgG heavy chainsandfor C3,especially for
C3b and C3din animals, such as mice. !26-128a,128b,156v
However, our knowledge of these mechanisms in manis still incomplete. !56t

(7) "Acute-phase reactants”

Several complementproteins are so-called "acute-phase reactants”, whose plasma
concentration increases during the host response to injury or inflammation. !5¢¢ The
expression of the complementgenesis regulated by a complex system, including various

factors such as endotoxin, cytokines (IL-1, TNF-a,IL-6, IFN-y and some growth fac-
tors), and sex steroid hormones,having been reviewedin detail by Perlmutter, Colten
and colleagues, !564,156w,156x

[F] POSSIBLE PARTICIPATION OF THE COMPLEMENT

SYSTEM IN THE IMMUNOLOGIC MECHANISMS

Despite ourstill limited knowledge, the complement system,is presumed to play a

manifold role in various immunologic mechanismsat different biochemicallevels.
This role includes a numberofeffects and interactions, such as increase in the

blood vessel and capilary permeability, stimulation of the vasodilation, promoting the
edemaformation, increase in neutrophil adhesiveness, stimulation of chemotaxis of
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various cell types, inducing the release of toxic oxygen species and lysosomal enzymes

from phagocytic cell types, and a stimulation of the MAC formation, including the
MAC-induced ion fluxes. 132a,156,156b,156c,156s,159t-159v, 160, 160a- 160d

(1) Vascular changes

Thevascular changes includethe vascular permeability, vasodilation and the edema
formation.159t-159v,160 The vascular changes are mediated predominantly by anaphy-
latoxins C4a, C3a and C5a,!56b,160 The vascular permeability and vasodilation are two
separately controlled componentsofthe inflammatory response with a certain syner-
gism, which is a necessary condition for the productionofthe significant and prolon-
ged tissue edema,!56e,15%t Anotheressential condition for the tissue edemais an
increased accumulation and adherence ofneutrophils to the endothelium ofthe small
bloodvessels at the C5asite.155.159u Tt has been proposedthat the neutrophils may
induce the increase in bloodvessel permeability by direct production of, as yet poorly
understood, ” permeability factors”, or else induce the stimulation ofthe endothelial
cells to which theyare attached to subsequentlyelicit factors such as; leukotrienes, D
series prostaglandins and toxic oxygen radicals.155a Vasodilation appears to be media-
ted by prostaglandins which are produced by the neutrophils and/or endothelialcells,

one of whichis prostaglandin E,.155a,156e,159u
The modeofactionofprostaglandin synthetase and lipoxygenase inhibitors would

support the role ofprostaglandins as chemical mediators in the complement-induced

vascular responses.!6¢ Moreover, certain leukotrienes, such as LTBgsOOF cytokines,

e.g. IL-1 and adhesion molecules, including E-selectines (ELAM-1) and P-selectins
(PADGEM, GMP-140) have been suggested to participate in the adherenceof the

neutrophils to the vascular endothelium. !4651464,156),156m,156n
In most of the experimental systems,already very low doses of C5a, approximately

of 1 ng, have been demonstrated to be able to produce a marked response.16°f This

amountis presumedto be physiologically attainable at sites ofthe complementactiva-
tion, and therefore gains ”invivo” credibility. Moreover, the repeated exposureto it

did not appear to produce significant desensitization. Therelative effectiveness of C3a

and particularly C4a needs more concurrentstudy.160f
The anaphylatoxins can be degraded by ”in vivo” plasma carboxypeptidase N,

previously termed "anaphylatoxin inactivator” !584.!60g, which removes the C-termi-

nal arginine residue from each of the anaphylatoxins. This degradation leadsto an
appearance of C4des-Arg? ©F8des-arg and C5aq..4Ba tTROROR The relevance of

this process is that it proceeds very rapidly to completion, particularly for C3a, with
the newly generated "des-Arg” products actually mediating the ”in vivo” biological
effects.157,160i More recently, it has been accepted that the ’des-Arg” derivativesofall
the anaphylatoxins are not able to produce the histaminerelease from the mast
cells.160h However, when injected into the skin, they trigger an inflammatory wheal-
and-flare response, which cannotbe distinguished either macroscopically or micro-
scopically fromthat caused by the native anaphylatoxins.16°F These facts may then
support the hypothesis that histamine would notplay anyprincipal role in the ana-
phylatoxin-induced inflammatory reactions ”in vivo”160
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(2) Neutrophil adhesiveness

The “in vitro”studies using purified C5a showed that the bindingto the neutrophil

C5a receptor promotes the ability of neutrophils to bind to the endothelial cells but
not to the smooth muscle cells or fibroblasts, !32a.146d, 160) Both C5a and Cdages.Krg

seem to be equipotentin this respect, !58h,160e Moreover, the neutrophil aggregation
and up-regulation ofcell surface C3 receptor numbers is induced by both these com-
ponents. !464,158h,160¢e

The neutrophil surface adhesion molecules MAC | and p 150,95 have been found
to be identical to CR3 and CR4receptorsrespectively. Both the molecules are types of
the neutrophil cell surface C3 receptors whose productionis enhanced by C5a/C5a,,..
Arg’/°8160mSomecytokines, such as IL-1 and ‘TNFmayalso participate in the
neutrophil adhesiveness. 1316146b

(3) Chemotaxis

The complement components, such as C5a, C3a and C5a,,.._4, have been demon-
strated to possess chemotactic activity for variouscell types, including neutrophils,

basophils, eosinophils and mononuclear phogocytes (monocytes and macrophages).
160n The C5a seems to be the most potent chemotactic agent for neutrophils, followed

by C3a and C5a,.., Arg:!©°! However, the full expression of the human C5aq,._4,
chemotactic activity requires the presence of a plasma co-factor (co-chemotaxin), a

factor which is not necessary for the C5a chemotactic activity.157,160p Moreover, some

of the cytokines hayealso been demonstrated to possess a distinct chemotactic activity
for variouscell types, such as IL-1, IL-2, IL-6, IL-8 IFN-yand TNFfor neutrophils, IL-
| and TNF for monocytes, interferons for macrophages!31#,146b, 146d, 156},156m

(4) Release of toxic oxygen radicals and lysosomal enzymes

from neutrophils and phagocytic cells

Variousbiological stimuli, including C5a, are able to induce the production and

release of significant amounts ofthe toxic oxygen species, such as superoxide anion
and hydrogen peroxide fromthe neutrophils.!58.160r These oxygen species represent
the group of the neutrophil-derived permeability factors causing the damageofthe
endothelial cells, followed by increased permeability and leakage of a protein-rich
edemafluid. 169s

Furthermore, the release of lysosomal enzymes by phagocytic cells also contributes
to the tissue damage.!6°t The lysosomal enzymesare also known tobe ableto activate
C1 and factor B ”in vitro”.160t The release oflysosomal enzymescan also be stimulated
by Ca, C5ag.,_4rg» C3e and by cross-linking ofCR | on the surface of the phagocytic
cells,158g.160u This cross-linking appears at the sites of the complementactivation

where C3b becomes boundto theactivated surface of somecell types, such as micro-
organismsor antigen-antibody complexes, andis then able to crosslink the CR 1 re-

ceptors. The IgG-containing immune complexes with incorporated C3b have been
demonstrated to be much moreeffective in inducing the lysosomal enzymerelease
from the neutrophils, than the IgM-containing complexes. 160v
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(5) Stimulation of the formation of the membrane attack complex

(MAQ) systern

The MACformation on and in the cell membranesat thesite of the complement
activation has been suggested to lead to the influx of calcium ions through the trans-
membranepores. This ion influx may then trigger the arachidonate cascade,!57,157e,
157f,160w

The human neutrophils display the phenomenonof”microvesicle shedding”. Hu-

man neutrophils treated with purified MACare able toprotect themselves by aggrega-
ting the MACs andto release them on thesurface of the microvesicles.!32a,159L, Le0y A
variation in the degree of the specific MAC protein degradation bythe neutrophils has
also been reported.16ey

Moreover, the treatmentofplatelets with C5b-9 led to the alpha granule and dense
body release reactions.!6°x Theplatelets are able to release microvesicles which are

coated with C5b-9 and which have membranereceptorsites for the coagulation factor
Va.160x The C5b-9 effects on the platelets are probably mediated by the influx ofthe
calciumions throughthe activation ofplatelet protein kinase.153:1534,160x The C5b-9

is, therefore, generating the platelet-derived pro-coagulantactivity, and is possibly

helping to explain the question whytheactivation of the coagulation system regularly

accompanies certain acute inflammatory processes. !60x

The terminal sequence activation with the MAC formation and the membranein-

sertion can therefore represent thelethal cell lytic event, or else it may result in the

specific alterationsofthe cell functions, some of which may be ofthe pro-inflammato-
ry character. 328,157 The ”in vivo” MAC control measures and the C8 and C9 binding
glycoproteins mayact to ensure the maintenanceof a balanced state, not only by
minimizing the potentially damaging bystandercell lysis, but also at the same time by
facilitating the more biologically beneficial effects.132a.157,157£It could be presumed.
that this subtle balancewill be disturbed in certain disorders or pathologic states or
during the stages of the intense complement activation.

[G] POSSIBLE ROLE(S) OF SOME COMPLEMENTPARTS,

“IgG” AND “IgM” ANTIBODIES IN THE "LNR”

Regarding the possible role of the complementin the inflammatoryprocesses, 1364,

156b, 156t we have measured the concentration of C3 and C5 in the serum ofpatients

developingthe late asthmatic response [LAR] (n = 231) andthelate nasal response
[LNB] (n = 165)to the allergen challenge. The LAR has been accompanied by increase

in the serum concentration of C3 in 76%ofcases and ofC5 in 69% of cases, whereas

during the LNR an increase in the serum concentration of C3 has been found in 41%of
cases and of C5 in 30% ofcases. These preliminary, not yet published, data would not ,

at least, exclude any form ofpossible contribution of the complement system to the
mechanisms underlying the LAR and LNR. However, ourpreliminary data have a

screening character only. More concurrentstudies of the complement system,including

all the importantparts participating in both theclassical and the alternative pathways,

would be needed to explore and confirm this hypothesis.
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In other groupsof patients developingeither the LAR (n = 82) or LNR (n= 55) we
have studied the possible existence and changes in the concentrationofthe immune
complexes in the serum by meansofthe!” I-Cl,binding assay and Cl, solid-phase
assay.!°6 In most of the subjects demonstrating the LARas well as those with LNR, no

significant amounts of the immune complexes have been detected. In 17%ofthe pa-

tients developing the LAR and 3% of those developing the LNR, the IgG containing
immune complexes (IgG, IgG,, IgG,, IgG) have been detected in the serum toa slight
degree, however, without anysignificant changes during the particular late phase res-
ponses. These preliminary data would not support the role of immune complexes in the

late phase reactions, among others in LNR,at least at the present time. On the other

hand, the available techniques for the detection of soluble as well as insoluble immune

complexesstill have some shortcomings regardingthe specificity as well as sensitivity.
Someinvestigators reported the findings of immune-complexesin the patients with

allergic bronchial asthma.130-150a,147,161,161a,161b Flowever, we were unable to find any

satisfactory investigation concerning the immune complexes in the patients demonstra-
ting the LAR,in the available literature. The changes in the concentration of the IgG
and IgM antibodies and the IgG subclasses in the serum, sputum, bronchiallavage fluid
and in the bronchial mucosal membrane,the changes in the concentration ofthe che-
mical mediators,their precursors, derivatives and metabolites, the changes of the com-
plement system parts, and the cellular changes within the mucosal membraneas well as

their influx across the mucosal membrane have, in our opinion,notyet been sufficient-
ly investigated in patients with LARas well as with LNR and would require further

studies. The IgG and possibly also the IgM antibodies are presumed to play a majorrole

in the forming ofimmune complexes,after their interaction with the antigen, !2°

128,129,132, 147,149,156y,161¢,161d occuring in the blood stream or in the vascular wall,

and sometimesalso in the tissue. ‘The IgG antibodies can also directly activate the

eosinophils through their membrane IgG receptors, !40:142.146,149 stimulate macropha-
ges, 151,155 neutrophils, 141,146,146, 147,149,151,152 and platelets. 147; 150,151,153,154 The

IgG and possibly also IgM antibodies are suspected to be responsible for the late hyper-
sensitivity mechanism(s).65,66,68,68¢, 148, 161¢

The suggested involvement of the IgG and possibly also IgM antibodies in the "late

phase responses” may also be supported by results from our previous studies concer-
ning the "late asthmatic response toallergen challenge” (LAR).63-66.68,68a-68F The LAR
has been accompanied byan increase in the serum concentration of IgG in 66%and of
IgMin 49%ofthe cases, while positive specific IgE antibodies in the serum wererecor-
ded in only 29%of the LAR cases.63-66.68a,68e With respect to the IgG sub-classes, we

have founda significant increase in the serum concentration of IgG, during 52%, of

IgG, during 25% and of IgG, during 8% ofthe LARs, while IgG., concentration incre-
ased in only 2%, but decreased during 54% of the LAR cases.6305,68a These results are

partly in agreementwith the findingsof other investigators, who have performed bron-

chial challenges withallergen and concluded that IgG, antibodies could be involved in
the late onset bronchial reactions in patients with bronchial asthma with negative prick
tests and without specific IgE antibodies in the serum.!61.161a-1611 Homburger and
colleagues!61i have founda significantly higher concentration ofIgG, antibodies in the
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serum ofpatients with bronchial asthmaor with whatthey called “inflammationofthe
airways” than in normal control subjects. Stanworth and coworkers, !615.161k Nakagawa
et al,!61,1611 Goodwin, !61m Gwynn et al!6le,161i and Perelmutter!¢18 have suggested the
possible involvementof IgG, antibodies in the hypersensitivity states. The exact mode

of this involvementis, however, notyetfully clarified.

The question ofthe role of the individual IgG subclasses in late phaseallergic reac-
tions” would become more complicatedifsomeinvestigators’ suggestion of the possible
existence of the allergen-specific IgG sub-classes were to be confirmed.1!26-128,128b,16le,

161h,161i,161n,151p The decrease in the [gG., antibodies during 54%ofthe LAR cases was
a surprising result of this study.©5.6 We do not have anyclear explanationeitherfor the
exact role of the IgG. antibodies in the LAR,orfor their decrease during the LAR. The
exact involvementandsignificanceofthe individual IgG-subclasses for the hypersensi-
tivity mechanisms, particularly those underlying the “late phase reactions”,is still un-
certain.161£ The changesin the IgG subclasses during the LAR, recorded in our studies,

could implicate the possibility ofa differentiated involvementof individual IgG subclas-
ses in the interaction with the antigen, and in the "late phaseallergic reaction”,at least
in LAR. Ourresults would not confirm the involvementof IgG as a uniform complex

antibody.

Such a presumptionofthe possible participation of IgG, and possibly also of IgM
antibodies in the LNR, can probably be made,orat least not be fully excluded, with
regard to ourresults demonstrating an increased serum concentration oftotal IgG

during 51% of the LNR cases. 12-14 In another preliminary study we have also found

detectable amounts of IgG antibodies in NS in 45% ofLNR cases, which concentration
showed changes during 33% of LNRcases.!4

Besidesthis classical conception ofpresumed involvementofIgG antibody (and
possibly also IgM)in the late hypersensitivity mechanism by forming immune-com-
plexes throughthe classical pathway, other possible pathways andother roles of the IgG

antibodies in the late-phase reactions might also be considered.o8¢:126-128,128b,130,130a,
131,146¢,153,154,158},161h, 1611, 161r-161t

5, THE ROLE OF THE PARTICULAR CELL TYPES [Figure 56 (page 379)]

[A] NEUTROPHILS

Someauthors have found evidence for the existence of membrane receptors for the

IgG antibody (Fcy RI, Fey RIL and Fcy RIM) on the neutrophils!46¢,147,151,152,154,161r-

161w and FcyRII receptors on theplatelets. !21,193a,154,l6lv,lolw

Other investigators have reported that eosinophils and neutrophils possess membrane

receptors for IgG subclasses (IgG 1,2,3,4) and certain complement components, inclu-

ding C3b/C4 and C5a.128a,141,146,148,149,154,158),161x They have suggested that “IgG

(Fc) and C3b/C4 receptors can be enhanced following prior exposure to the chemotac-
tic factors, suggesting that even as phagocytic cells are migrating in response to chemo-

tactic factors, including those released from the mastcells, they are becoming more

effective participants in the inflammatory reaction.” The principal inflammatory factor
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derived from the complement cascade appears to be C5a, which is chemotactic for

neutrophils from the circulation and also from the surrounding tissues.!28¢ They also
have provided evidenceforthe activation ofinflammatory cells by antigen challenge in

asthmatic subjects, leading to an increase in the numberof neutrophil C3b and IgG(Fc)
rosettes. Welsh and Kay148 have also found evidence for the binding of homologous

IgG subclasses to human neutrophils and eosinophils, which could implicate a hypothe-

sis that IgG interacting with an antigen can directly activate neutrophils and platelets,
without forming any immune-complexes.

Mostrecently, three basic classes of the human Fc receptor for IgG, one highaffinity
receptor, Fe y RI, and two low-affinity receptors, Fe y RII and Fe y RIII, have been

identified, 161u.161v.16lw The Fe y RI (CD 64) is a 72kDa glycoprotein present on mono-
cytes, macrophages and neutrophils. The Fc y RI is the only Fe receptor that binds mo-

novalent IgG, predominantly IgG, and IgG,, with high affinity. This Fc receptoris a

memberof the so-called ”immunoglobulin superfamily”, being a subgroupofthe cell

adhesion molecules. Moreover, the interferon-gamma (INF-y) increases the expression

ofthe Fc y RI notonly on the monocytes and macrophages, but also on the neutrophils.

The Fe y RIL (CDw 32) is a 40kDaglycoprotein presenton all hematopoietic cells except

erythrocytes. The Fc y RII is the major IgG-Fc receptor expressed on the surface of the

platelets. 161v.161w The Fe y RIT (CD 16) receptor, a 50-70 kDa glycoprotein,is also
expressed onthelarge granular lymphocytes(naturalkiller cells), eosinophils, neutro-
phils and macrophages.!6!v-161z The Fe y RII on the neutrophils is bound to the cell

membrane through a phosphatidylinositol glycan linkage, while the Fe y RII on the

macrophages and natural killer cells is a transmembraneprotein. 161v,161w

Theresults of our previous studies demonstratingsignificant changes in the count of
neutrophils in nasal secretions (NS) during the 84% of LNR cases (increase immediately

before, decrease during the appearance of LNR, and increase during the resolving of the
response)are strongly suggestive of an active and dynamicrole of neutrophils in the
LNR.?)11612,25,40,40d,40f,41a-41¢,72,72a,72c,96, 97 This hypothesis may be supported by

other investigators’ findings of significant changes in the count of neutrophils, mostly
an increase,either in the nasal secretions84.5!¢82,83,94,97¢ or in the nasal mucosa biop-

sies,5!> accompanying the clinical LNR.

Finally, other investigators have recorded increased concentrations ofsome mediators
or factors directly related to the neutrophils and therefore considered to be indicators

for neutrophil activation, in the nasal lavage fluid during the clinical LNR.97¢

Anotherinteresting aspect which may supportthe active involvementof neutrophils
in the late phase reactions, including LNR,is their ability to degranulate.13l¢ Two types

of neutrophil degranulation have been recognized, an “intracellular” and an ”extracellu-

lar” degranulation, !3!¢ The degranulation and otherintracellular changes in neutro-

phils appearingin the nasal secretions (NR) during the immediate (INR) andthelate
(LNR)nasal responseto allergen challenge has been observed and reported by usforthe

first time. ! 14:1 1b,41b,41d,71,72,72a,72¢ The degranulation and otherintracellular changes

recorded in neutrophils appearing in NR during the LNR wereto a significantly higher

degree (88%)40414,97 than those observed during the INR!11b.97a Moreover, the
degranulationand otherintracellular changes in the neutrophils were prevented by
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intranasal budesonideto a distinctly higher degree than by intranasal cromolyn40°40t,
41b,72d Taken together, our results may support the important,if not key, role of neu-

trophils in the LNR,rather than in the INR.

Other evidence of the active role of neutrophils in the mechanismsleading to the

developmentofthe late phaseallergic reactions, has been provided by investigators

studying the antigen-induced late asthmatic response.?68-!62,162a-162c Zweiman and
colleagues?6s-162b and Nagy et al!6?¢ have found a significant increase in neutrophil
chemotactic activity in the serum ofpatients developinga positive late asthmatic res-

ponse (LAR)to allergen challenge. Durham and co-workers!24 have recordeda signifi-
cant increase in neutrophil chemotactic activity, monocyte and neutrophil complement
rosettes during the LAR to allergen challenge , but not during the methacholine-indu-
ced bronchoconstriction. Atkins !62e and Zweiman etal!62b have recorded a distinct
increase in the blood neutrophil count 2 hours after the bronchial challenge withaller-
gen, but not after the methacholine inhalation. Kay!®2f has concluded that the pathoge-

nesis of the late phase reactions is incompletely understood. He has discussed three
possible mechanisms which could be involved in the LAR;”(1) The LAR may be an

example of the type IIT or Arthus response with neutrophilinfiltration resulting from
the generation of chemotactic factors, following activation of complement by immune
complexes; (2) LAR may beassociated with re-activation of mastcells, since elevated
serum concentration of neutrophil chemotactic factor was recorded during LAR; and
(3) the leukotrienes, prostaglandins and thromboxanes mayplay a role in the LAR as
these mediators tend to have sustained biologic effects and might, for instance, cause
prolonged contraction of the bronchial smooth muscles together with an edemaofthe
submucosa as a result of their effects on the microvasculature”.

Results of the bronchoalveolar lavage (BAL) during the LAR mayalso support the
evidence of active involvementofthe neutrophils as well as the eosinophils, in the
hypersensitivity mechanismsleading to the developmentofclinical LAR.162; 162a,162g-

162) Metzger and colleagues!62,162h have foundsignificantincrease in the count of
neutrophils and eosinophils in the BAL-fluid at 4 hoursafter the bronchial challenge
with allergen. However,after a local (intrabronchial) allergen challenge, a significant

increase in the numbersofneutrophils, eosinophils, macrophages and lymphocytes has
been recorded at 48 hoursafter the challenge.'©2#.!628 Diaz and colleagues have also
found a significantincrease in the countof neutrophils, lymphocytes, eosinophils and
lung mastcells in the BAL fluid at 6 hours after the bronchial challenge with allergen in
subjects developing LAR.162i

[B] PLATELETS

Therole of platelets and neutrophils in mediating the hypersensitivity reactions,

seemsto us to bestill underestimated. !392-1394,146e,153,153a,154 Theplatelets and neu-

trophils can be involved during the late hypersensitivity reactions in various manners

and they may stimulate and induce othersteps through various pathways. !39- 139d, 146e,

153,153a,154 Platelets may probably play a double-role in hypersensitivity reactions, at
one time as inflammatory cells, being an active participant in these mechanisms, and

another time asa targetcell of other processes andcells,138:139,139a-139d,153, 154,162k,1621
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The platelets contain intracellular granules similar to the classical lysosomes ofthe poly-

morphonuclear leukocytes, which can degranulate during the formationofthe platelet
plugs. 153,.162k Platelets accumulate in vessels adjacent to inflammatory foci and interact
with antigen-antibody complexes.!39¢ The platelet response to the surface stimulation

byrelease andsecretion ofvariousfactors is also accompanied by formation ofprostag-
landins and thromboxanes.!%3 Platelets contribute to the inflammatory processes acc-
ompanyingthetissue injury by releasing varioushighly potentintracellular constituents

andfactors that, besides other effects, also increase the vascular permeability in two

phases: the acute phase, appearing within 15 minutes and the secondary (late) phase,

reaching its maximum in 3 hours. The secondary phase is usually accompaniedby poly-

morphonuclearinfiltration.!53, 162! The functional activation or activation followed by
aggregation oftheplatelets is stimulated by a variety of factors,129,139¢162k such as
"platelet activating factors” (PAF) generated and/or released directly from the activated
mast cells and basophils 129,134.35, 138,139,139¢ and sometimes also from othercell types,
e.g, eosinophils, neutrophils or monocytes, by decreasing exogenous cAMP and/orin-

creasing exogenous cGMP with subsequentdecrease ofintracellular cAMPin theplate-
lets,147 by some complementparts (C3a, C5a),!48 and probably also by other pathways.

153 Theplatelets may also be stimulated directly by IgG antibodies and/or immune
complexes, since the Fc receptorsfor all four subclasses of IgG (Fcy R) and complement

parts (C3a, C5a), as well as the already known receptors for IgE (Fce RI), have been
demonstrated on their membranes.139¢146¢,153,154,162m
As already mentioned,the platelets also express various membrane glycoprotein

molecules, called ”surface receptors”, being involved in their adhesion to the othercell
types andto the endothelial cells, such as ’integrins”, "superfamily of adhesion recep-

tors (& + 8)”, subgroup of them is formed byfactors, called very late activation -2, -5, -
6 (VLA-2, VLA-5, VLA-6)”, and ”selectins”, such as GMP-140, and ”Platelet-endothe-

lial cell adhesion molecule-1” (PECAM-1),139a-139¢,153

Lysosomal enzymesare involved in the furtherstages of the immune complex-media-
ted tissue injury.126.128,128b,137 Neutrophils are also involved in immune complex-
mediatedinjury bytheir influx into the site of the immune-complexes as well as plate-

lets which then adhere to andinteract with the damagedepithelium and immune-
complexes through various adhesion molecules upon regulation by various factors,
chemotactic factors, and some cytokines, !26,128,138,139,139¢, 153a,162k

Someevidence has been gatheredfor the active role of platelets in the antigen-indu-
ced asthma !39S162n and in the antigen-inducedlate asthmatic response (LAR).!39o162a

However,thereisstill a dearth of detailed information concerning the possible involve-
mentofplatelets in the LAR. Data concerningthe possible participation ofplatelets in
LNRare not yet available.

[C] EOSINOPHILS

Anothercell type which mayalso play an importantrole in the late hypersensitivity
mechanismsis the eosinophil.2+! 14-1 1e,13a-136,18,20,25,34,40¢-40f,41b-4 1,48,65,66,68e,72,72a-
72d,80,952,96,97,972-97¢,97,97t,97u, 134,135, 136a,140-146, 148,149, | 56c, 158), 161x,161z,1625162f

162p-1627,163,163a-163z The eosinophil bears and expresses various receptors and molecu-
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les on its membrane, such as lowaffinity receptor for IgE (Fc, RII; CD23),!!%162s,162v
receptors for IgG(Fe y RIL; CD32),146.148,161y,161z IgG subclasses, IgG,_,(FCyRI;

CD32 and FeyRIT; CD16),148,161w,161y,161z,162r, 163b TgA (Fc o& R),161y complement

parts (Clq, C3b = CRI, iC3b = CR3, C4b, high and low affinity receptors for

C5a),146,156t,161y,161z,162p,162v adhesion molecules (LFA-lo = CD lla, CR3-a@ = CD 11

b, P 15095-@ = CD1 1c) 1612, VLA-4,!56m.162u Fe y RIT (CDw 32),!612 integrins

(CD11/18)!92u glucocorticosteroids, !6ly PAF-acether,!61y histamine,!61¥ oestradiol,1¢ly

and cytokines(high affinity receptors for IL-3, GM-CSF,IL-5 and for CD 25
molecule), !62¥,163,163<,163v,163w

Recently, it has been suggested that both the major histocompatibility complex class

I proteins!®3¢ and CD4 molecule may be expressed onthe surface of eosinophils stim-

ulated by GM-CSF.16e The receptors for IgM antibodies on the eosinophil surface have

not yet been confirmed.162¥.163b
The eosinophils can be activated and stimulated by a variety of factors, including IgG,

IgG-subclasses, complement parts and immune complexes, 140142, 1612,163r
The eosinophil also fulfils a dual role, acting as an immunoregulatorycell in some

steps of hypersensitivity mechanisms(= integrated part of some processes), but also as
an effectorand target cell in other steps (= consequences of some processes).
16 17,162t,162v, 163, 163h-163t

The increased counts of eosinophils in the blood (blood eosinophilia), in the tissue

(tissue eosinophilia), in the nasal secretions, sputum,tears as well as in the nasal and

bronchoalveolar lavages during the late phase responsesto allergen challenge, have
repeatedly been reported 42.7.116.12,16,19,25,40c-40f41a-41d,48,484,51a,51¢,55,61,62-66,68a,68b,

68¢,688,70,72,72a,72¢,82,82),83,94,95a, 96,97,97b,97n,121b,1216,124b,128a, 13 1a,131¢,140-146,148,149,
158},161f,161h,161x-161z,162,162a,162g,162h, 162i,162n,162p-162v,163,163b,163¢,163!-163t,163v,163w

However, in contrast to other investigators’ findings, referred to above, Venge and
Dahl!3p have reported a decrease in the count of eosinophils in peripheral blood

during the LAR to a allergen challenge.

Interestingly, someclassical immune complex disorders, such as serum sickness and

vasculitis mayalso be associated with peripheral blood eosinophilia. 126. 128b,163t There is

a dearth ofinformation in the literature concerning the possible occurrence of peripheral
blood eosinophilia during the particular types of the nasal responseto allergen challenge,
especially the LNR. Varney and colleagues! did notfind any increased countofeosi-
nophils in the peripheral blood, whereas we havepreviously recorded a slightly increased
countofperipheral blood eosinophils during a minority ofLNR cases. !441>
However, our recentnot yet published data concerning a relatively high number of

the isolated LNRs (n = 272), show slight, but not significant, increase in the count of
eosinophils in the peripheral bload accompanying only 7%ofthe LNRs. These data

maytherefore support the hypothesis of the topical character ofthe nasal responses to
allergen challenge, being limited predominantly to the nasal mucosal membrane. !!h41i

In contrast, the increased influx andsignificant changesin the countofvariouscell

types, including eosinophils, in the nasal secretions (NS)?»!8,25,40e-40f, 41a-41d,72,72a,

72¢,97,121b or in the nasal lavage fluid,48%484,51¢,55,82,83, 94,97 accompanying the LNR,
have repeatedly been demonstrated and reported.
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Nevertheless, some small differences in the patterns of changes of eosinophil count in
the NS during the LNR have been reported by various investigators, which may be
related mainly to the methods used. !1640c-40f,41b,41¢,48d,49,5 1b, 51¢,53,97,97b,97¢

The accumulationofeosinophils, besides the other cell types, in the nasal mucosa

tissue, during the LNR hasalso been reported.?:96.97,97"

The active role of eosinophils in the mechanisms underlying the LNR mayalso be
supportedby our previous findings ofsignificant degranulation and other intracellular

changesin the eosinophils and neutrophils migrating into the NS?-11¢.40d,40f,41b.414,72a,
72¢ and into the nasal mucosatissue (biopsy)?,9697 during the LNR, as compared with

their numbersand state both before the allergen, at baseline, and during the PBS controls.
The eosinophil traffic in the nasal mucosa andin the NS duringthe particular types of

nasal responseto allergen challenge,differs slightly from the results of the the broncho-
alveolar lavage (BAL) !24b, 162, 162a,162g-162i,162w,162x,163g-163k and bronchial mucosa

biopsies !62n,1638 performed during the late asthmatic responseto allergen challenge

(LAR).
Unfortunately, the complex mechanismsleadingto the increase in the countofeosi-

nophils in the blood and the process of recruitment of eosinophils into varioustissues,
including the nasal mucosa, have notyet beenfully clarified.!28,1316-131,136b,142-146,
156m, 156n,158j,161x-161z,162,162¢,162f,162n-162v,163,163a-163k,163m-163u

The mobility and attraction of eosinophils dueto various stimuli may be realized
through chemokinesis, being a non-directed movement, or through chemotaxis, being a
directed migration across a stimulus concentrationgradient. !62v
The eosinophil recruitmentinto the tissue initially involves the adhesion ofeosino-

phils to the vascular endothelial cells in the tissue, their migration into the submucosa,
andfinally their subsequentactivation. !28@.131<,131e,156),156m, 156n,16Lx-1612,162p,162v

The process leading to the increased eosinophilia in the blood aswell as to the eosi-

nophil accumulationin the tissues may involve complex interactions of chemotactic
factors, adhesion molecules, integrins, cytokines,!©2v and probably also other factors,

such as neurotransmitters, neuropeptides,!31¢163u signal transduction processes,!31>

clothing system, 146s andfactors which have notyet been recognized.
Chemotactic factors, such as LTB,,, histamine, PAFs, ECF-A, ESP (eosinophil stimula-

tion promotor), neutrophilic ECE-Aetc.,!©2v influencing the blood eosinophilia and
modulating the influx of eosinophils into the tissues and secretions, originate fromvari-

ous sources and are generated byvarious cell types and systems. 161y,161z,162v,163r,163t

Some complementparts, such as C5a are also chemotactic for eosinophils, 146:161%1612,163a

However, thereis still a lack of detailed knowledge concerning the eosinophil chemo-
taxis. 1617

The cytokines, IL-3, IL-5 and GM-CSF have also been demonstrated to possess the

chemotactic capability for eosinophils, inducing the blood eosinophilia as well as the
eosinophil accumulation in the tissues, !61z,162t,162u,162y,163c, 163v-163z

The adhesion molecules probably involved in the eosinophil recruitment may include

ICAM-] (intercellular cell adhesion molecule-1), ELAM-1 (endothelial leukocyte adhe-
sion molecule-1), VCAM-1 (vascular cell adhesion molecule-1), and integrins, such as

CD11/18 and VLA-4 (very late activation antigen-4), 46d, 156),1612,162t, 162v
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The eosinophil recruitment is probably also promoted by LCF (lymphocyte chemo-
attractant factor) and by IL-2, since the eosinophils express the 55 unit of the IL-2
receptor (CD28) on their surface,163r

The eosinophils, besides the impressive numberof the constistuents, granule proteins

[MBP = majorbasic protein, ECP = eosinophil cationic protein, EDN = eosinophil-
derived neurotoxin, EPO = eosinophil peroxidase] and other products,114.23,48,55,65,66,
97b,131e,1316135.136a,1 40,142,144,149,158},161x, 162,162s,162t,163,163n,163r,163u may also be

capable ofproducing some cytokines, such as GM-CSF, 1!62p;162t,1o3¢ ]]_-3,162t,l63¢ J].-
1o,!614 and transforming growthfactors, including TGFo.!62p,163r and TGF-B, 193

Recently, some evidence has been providedforthe role of activated eosinophils as
MHC-restricted, HLA - DR-dependent antigen-presenting cells to stimulate proliferati-

ve responses ofCD4+ lymphocytes. 161z,163d,163¢,163r
Another very important property of the eosinophils is their ability to participate, with

or without the neutrophils, in the forming of eosinophil or eosinophil-neutrophil infil-
trates in various tissues,2»31a,51b,95a,96,97,97a,97£,97n,975,971, 131e,135,140-144,162,162d, 1626,
162n,162y,163,163i,163n

The eosinophils can also contributeto the tissue damage, especially that of respiratory

epithelium, through their granule proteins, e.g. MBP.16!2,162v.163n The MBP causes
ciliostasis and exfoliation ofthe respiratory epithelium cells,!©1% 162¥ and incidentally it
mayalso participate in the tissue damage throughits effects on the C3 convertases of

the classical and partlyalso ofthe alternative complement pathway. !5156¢,161z,162v
Interestingly, Bascom et al48 have recordedincreased concentrations ofMBP and

EDN,whereas Bisgaard et al82i have found an increase in concentration of ECP in the

nasal lavage fluid during the LNR. Thesefindings would confirm an active role of
eosinophils in the LNR mechanism.

Takentogether, it can be concluded that eosinophil being a versatile cell, can partici-
pate in a manifold manner not only in the immediate-, but also in the late~phase reac-

tions, amongothers in LNR, andits role cannot be excluded evenin the classical late

hypersensitivity mechanisms (immune complexes, Arthus phenomenon).

[D] MAST CELLS AND BASOPHILS

Otherversatile cell types, participating directly as well as indirectly in various steps of
various hypersensitivity mechanismsare basophils and mastcells. 162m, 1627,164,164a-1641

Classically, the mastcells and basophils have primarily been understood in their role
in the patho-mechanism of the immediate hypersensitivity.2434.41642-45,48d, 51a,51¢,68¢,
82,85b,85c,128a,128g,131¢,131e,163),163s, 163u,164a, 164d,164e,164m-164u Tater, an evidence has been

gathered, suggesting that mast cells, and probably also basophils, mayalso be important
cytokine-producing cells.131f146b,164b,164c, 164v,164w This fact would then fortify the
possible contribution,at least indirectly, of the mast cells and probably also basophils, to

the mechanisms underlying the non-immediate types of hypersensitivity, the late type

being oneofthem.51#51668¢,82,164e The mast cells and basophils have notonly several
features in common,but they also differ each from the other in several aspects. 162m,
164b-164d,164x,164y,164z

A numberofinvestigators have provided evidencefor the existence of IgG receptors
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FeyRI on the membraneofmastcells and possibly also ofbasophils, !49:153,161h, 1611,
1615,161t,161¥,161w,164,165,165a-163d as well as the already repeatedly demonstrated IgE
receptors Fcg RI on these cell types.!©>¢ Others have reported the presenceof the speci-

fic receptors for IgG sub-classes on the membrane ofboth human mastcells and baso-
phils, 1611,161u,165a,165b,165d,165£ Regarding this evidence, other authors proposedthat

IgG or someofthe IgG sub-classes, interacting with antigen, mightact directly on the
mastcell and/or basophil, resulting in the release of their mediators.165b The unique
membranereceptors for [gE15¢ on both the mastcells and the basophils can be charac-
terized as a high affinity IgE receptor (Fc,RI), being a multimeric complex consisting of

one O-chain, one B-chain and two disulfide linked y—chains.!282)!31e,161p, 162m

The antigen-specific IgE antibodies bindingto this highaffinity Fc, RI receptor, and
being cross-linked by specific antigens, cause the aggregation of these receptors, a pro-
cess which represents the specific signal leading then to the activation of these cells.131,
156a,161p,164b,164¢, 164k

The receptors for IgG displayed on the cellular membrane of basophils as well as of

mastcells, can be defined as a mediumaffinity IgG receptor (Fcy RIL).1316161v,161w,
L62m,165¢

Basophils and mastcells can also be activated throughthe Fc y RII receptors having
been previously bound bythe IgG-antigen complexes, a process which thenleads to the
release of their mediators, especially histamine. 161v,162m,165c
Moreover, both the mast cells and the basophils possess the receptors for some com-

plementparts, such as C5a, C3a and C3b, on their membrane. 156,156c,156t,156x,162m,164,

164a-164c,164f,164h However,the particular complementparts, the so-called comple-
ment-derived anaphylatoxins, can release mediators from the mast cells and basophils
to different degrees. The C5a is much more potent than C3a in stimulating these cells
for mediatorrelease (e.g. histamine), whereas the C3b effect results in the enhancement

of the IgE-mediated mediatorrelease fromthe basophils, but not from the mast
cells, 162m, 164

The mast cells and basophils canrelease their mediators in two different manners,
either by a semi-selective secretion, without any principal morphologic changes, 164

165g or by degranulation, which is however accompanied by a variety ofcellular and
intracellular changes. 162m, 164b,164c,164g

‘Therelease of mediators from the mast cells and basophils can also be induced, besides

the already mentioned mechanismssuch as IgE receptor-mediated (Fce RI), IgG recep-
tor-mediated (Fcy RII), and complement part receptor mediated (C5a, C3a), by a
variety of other factors, molecules and compounds, including “histaminereleasing
factors”, cytokines, ’Stem cell factor”, neuropeptides, and varia.162m) 164a-

164p,164y,165h-165z,166, 166a-L66p

(1) Histamine releasing factors (HRF)

Histamine releasing factors (HRF), are compounds capable of inducingtherelease of

histamine from basophils and some of them also from mast cells,162m.164a-164p, 165h-
165t,165v-165z,166,166a-166d, 166n,166p, 166r Several human cell types, including neutro-

phils,1 64j,164p,165r,165s,166a,166p eosinophils, 164j,165r,165s monocytes,164), 165i,165],165r, 165s
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macrophages, }64i1651,165s,165v-165y endothelialcells, 156,165r,165s platelets, 164),165r,165s,

1652 fibroblasts,!©5« and lymphocytes (B and T’) 164). 165: 165s can synthesize and secrete

someofthese factors. 165r,165s
The group of HFRs includes factors such as "neutrophil-derived histamine releasing

activity” (HRA-N), !64i164p,166a ”jeutrophil activating factor” (NAF),!6> neutrophil
activating peptide-1 and -2” (NAP-1, NAP-2),!64i.165y "mononuclearcell-derived
factor”,165L.166b ”connective-tissue-activating peptide IIT” (CTAP II]),1641,165},165s, le5v,

165w ”macrophage-derived HFR”,!65y "macrophageinflammatory peptide” (MIP 2},
165s *monocyte chemotactic and activating factor” (MCAF),164¢,164),165s,165w also

known as MCP-1,!64i,166r,166t RANTES- a product ofT-lymphocytes, !64i >monocyte
chemotactic factor”,!654165! and HFR from platelets. 1957

Mostofthe histamine-releasing factors belong to the so-called "intercrine” or *che-
mokine” group of cytokine-like molecules.164,166u
Some ofthe HRFs derived from the endothelialcells, platelets, and macrophages can

bind [gE and are therefore dependentonthe IgE activation for their function, whereas
some other HRFs, derived from the neutrophils and mononuclear cells can act indepen-
dently on the Igk.1 64k,164],165n,165y

Recently, a group of substances with an inhibitory effect on histaminerelease, has
been discoverd,!62™,164d,165m These factors, being in reality antagonists to the HREs,

and called ”histamine-release inhibitory factors” (HRIF), inhibit the HRF-induced

histamine release from the basophils but notthe histaminerelease induced by other
secretagogues. Recent data suggest that NAP-1/TL-8 may be oneofthe HRIFs,!64i,1654
The NAP-1/IL-8 mayalso act as a histaminereleasing factor, because it induces histami-
ne release from IL-3-primed human basophils. 165™,165t Some evidence suggests that

one of the most important HRIF wouldbe actually IL-8, although this has not been de-
finitely confirmed. 164),165s, 166¢

However,thereis a certain dissension with respect to the classification of the histami-

ne-releasing factors (HRFs). Some authors consider the HRF as cytokines, !}64n,165r,165s

others describe them as cytokine-like factors, !64i-165v whereas another groupofinvesti-
gators call them simply HRFs.!65m

Weprefer to qualify these compounds as HRP,because (a) this group consists of very
different compoundsandso far this group is not homogenic; (b) most ofthem are, in
reality, not genuine cytokines accordingto theclassical conception; (c) andlastly the
definition of cytokinesis still discussed.

(2) Cytokines

An increased evidence has been gathered for the enhancementofhistamine release
from humanbasophils by someclassical cytokines, such as interleukin 3 (IL-3) !66=-
166g,166v granulocyte-macrophage colonystimulating factor (GM-CSF) !@48-164n,164v,

166.166¥ interleukin 10, (IL-10)196h,interleukin 18 (IL-1)166h, andinterleukin-5
(IL-5) ,166),166k

The results concerningthe possible increase in histamine release from humanbaso-

phils by interferon-y (INF-y), are, however, contradictory. Some investigators have re-

ported such effects of INF-y,!66m whereas others were unable to confirm them.166i
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Interleukin-8 (IL-8) has previously been reported to cause the histamine release from
humanbasophils,165™.165t,166p,166w whereas later reports suggested quite reverse effects

of IL-8, the inhibitionofthe histamine release from the human basophils. 164/.165),169s,166¢
In contrast to humanbasophils, there is a dearth of information concerning the

possible effects of particular cytokines on the mediator release from the human mast

cells and the significance of such processes for the particular allergic disorders. Surpris-
ingly, studies concerning this topic are not numerous, and even their results and con-

clusions vary. Some investigators have reported the activation and enhancementofthe
mediatorsrelease (e.g. histamine) also from human mastcells by someclassical cytoki-

nes, a process which may be comparable withtheir effects on mediatorrelease from

human basophils, 16481641,166u,166v, 166x, 166 whereas other authors have been unable to
confirmsuch effects of the cytokines on the human mastcells, 164n,164x,166f, 166}, 166k,
1662,167,167a

In contrast to human mastcells, the rodent mastcells, e.g. from rat and mouse, can

be activated by some oftheclassical cytokines, such as IL-3, IL-5, GM-CSF.1642,164r,
166f,166k, 1661, 167b

(3) The “stem cell factor” (SCF)

The ”stem cell factor” (SCF) is another factor which can activate, prime and modulate

mastcells, and that notonly from rodents (mouse,rat), !64,164¢,167¢-167k but probably
also the human mastcells,164b; 164c, 164), 164n, 166k, 167a,167d, 1671-167n

The mastcell developmentin miceis critically regulated by the "stem cell factor”,
1674,167f a product of fibroblasts!65.167¢,167d and probably also of othercell types,
whichis a ligand for the tyrosine kinase receptor protein, !64b,165k, 1674,167f,1673,167},

167k,167n The SCF has been shownto be an encoding product ofSl locus in the mouse
and the ligand for the proto- oncogene c-kit tyrosine kinase receptor(allelic with the W
locus). !64k,1674, 167i, 167k,167p,167t

The "stem cell factor” !67f197i has also been termed "mastcell growth factor” (MGF),
167d,167n, 1677 ”|Gt ligand” (KL), 166k 1676 and steel factor” (SE),164i,167p

Theligandfor the c-kit receptor, SCF, is produced as a transmembraneprotein, of

which three alternatively spliced forms have been described.1674.167r
In mice, rats and non-human primates, recombinant SCFinfluences the migration,

proliferation and maturation ofcells in the mastcell lineage. 1©5k.167f,167g, 167)
Recombinant SCFcanalso induce c-kit receptor-dependent activation and mediator

release from some populations of the mouse mastcells.1674,167f.167g
In rodents, both the mast cells and the stem cells express the ”Kit” and the highaff-

inity IL-3 receptor on their membrane. !64167) The ligand for c-kit receptor (= SCF)

and the IL-3 havebothoriginally been defined as mastcell growth factors, but were later
redefined as growthfactors capable of promoting self-renewal of the stemcells.!64¢ The
mastcell also expresses the nuclear transcription factors GATA-1, GATA-2 and GATA-

3,164c,167p,167u GATA-1is a cis-acting DNA-binding protein that uses two novelzinc-

finger domainsto activate transcription messagesforcell-specific products, suchas glo-

bin and granule proteases, 164¢. 167h.167p.167u The SCF maybe considered as a multicell
growth factor similar to IL-3, with action primarily on the pluripotential progenitor and
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probably also stem cells.!64b;164c,166k,167) Such proposed function of SCF maybe sup-

ported bydata of other investigators showing that human mastcells have arisen from

CD34* progenitor cells.!64%,1674,167v Originally, the SCF has been found in mice and

rats and theexistence of similar factors in humans has been doubted,!64%166k,167d,167£,

1e7w Howeverlater, several investigators have provided evidencefor existence of the
human SCF.164i,1671,167n,167w

In later studies, the human homologue of SCF has been cloned andtheeffects ofthe
rhSCF (recombinant human SCE) on the human bone-marrow-derived mast cells and

basophils, !64b.164%,167v on isolated human skin mastcells,!674,167e,1671,167w and human

lung mast cells!66k,167a,167m,167n have been examined, 166k, 167a,167m, 167n

In the isolated human skin mast cells, recombinant SCE has been shown to be able to

directly induce the release of both the performed (e.g. histamine) and the "de novo

synthesized”(e.g. PGD,) mediators. 167¢.1671,167w
‘The SCFcan also augmenttheability of the isolated human skin mast cells to release

their mediators in responseto the stimulation through the Fc, RI receptors, which

means the IgE-dependent mediatorsrelease.'°7* The SCF has also been reportedto in-

duce the mediator release from the human peripheral blood basophils.167¢.167~

In studies using the isolated human lung mastcells, the recombinant human SCF has
been shown to beable to activate these cells and to distinctly enhancetherelease of per-
formed mediators (histamine) as well as of ” de novo synthesized” mediators (PGD,)

from these cells,100k.167x However, a brief incubation and/or lower concentration of
rhSCFhas enhanced onlythe anti-IgE-induced histaminerelease, but not the release of

PDG, from the humanlung mastcells.'©7* Since the effects of rhSCF on the mastcell
mediator release "im vitro” occur at concentrationsofthis factor similar to those found

in the serumof normalsubjects, it has been speculated about the possible contribution
ofSCFto the modulationofmastcell functions even under physiological conditions, !67~

The rodent and the human mastcells differ in their response to cytokines. The muri-

ne and rat mast cells respondedto the stimulation with several cytokines including IL-3,

IL-4, l-9, GM-SCFbyproliferation andrelease of their mediators, whereas the human

mastcells did not.!64n, 166k,1662,167a,167d However, the data generated from mice and

rats are not easily transferable to the human system.!®°«Interestingly, someofthe

cytokines acting on the murine mast cells (IL-3, GM-SCF) mayalso affect some func-

tions of the humanbasophil, 166k,166z,167a but not those ofthe human mastcells. 166k,

166z Furthermore, human basophils and human lung mastcells differ also in their res-

ponsiveness towardsthe IgE-independenttriggering agents. !Ck Regarding these facts,

the murine mucosal mastcells seem to have more functional resemblance to human

basophils than to human mucosal mast cells.166* By contrast, the effects of SCF on the

mastcell functionsare not restricted to the human or rodent system.!6k Galli and co-
workers have demonstrated that the rat SCF may induce proliferation, maturation and
functional activation ofthe mouse mast cells both in vitro” and ”in vivo”.167d, 167e-

167g,167j,1671,167w These parallels may emphasize the importance of SCF, acting through

the activationofthe c-kit receptors, as one ofthe important regulators of the mast cells

and the mast cell-associated disorders, such as some forms of bronchial asthma and/or
urticaria, !66k
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Tn contrast to the humanskin and lung mastcells and the circulating blood basophils,
no data are available concerning the possible effects of SCF on the nasal mucosal mast

cells and basophils in the nasal secretions in general, andits effects on the appropiate
types of nasal response to allergen challenge, in particular. Moreover, there is a dearth of

detailed information concerningthe effects of individual cytokines on the nasal mucosa,
its parts, and individual cell types appearing in the mucosal membraneandin the nasal

secretions during the particular types of nasal response. Furthermore, few data are

available concerning the possible appearanceof individual cytokines and changesin

their concentrations bothin the nasal secretions and in the nasal mucosa, especially
during the particular nasal responsetypes.
Sim and colleagues!©4v have reported increased concentrations of IL-1 in the nasal

secretions during the INR and of IL-1 and GM-CSF during the LNR. Unfortunately, the
numberofpatients studied bythese investigators has been very limited and they did not

report the simultaneous recording of the particular types ofthe nasal responseto aller-
gen challenge by means of rhinomanometric parameters.

Nevertheless, these aspects may also be very important for the explanation and under-

standing of the mechanisms underlying the particular types of nasal response to allergen

challenge and those inyolved in the nasal response to the non-specific agents, !!51!1¢,35a-

35¢,40¢,40d,40f,72c,72d,96,97,97a The importance of such data may befurther stressed by
previousfindings of Naclerio and co-workers53, Bascom and colleagues34484,82 and

Walden and co-workerssuggesting the role and activation of mastcell during the im-
mediate, whereas the role and activation of basophil, during the late nasal response to
allergen challenge. However, the results of our cytologic studies ofthe nasal secretions
andhistologic studies of the nasal mucosa during the particular types of nasal response
to allergen challenge, may suggest an involvementofbasophils, besides othercell types,

in the mechanismsleading both to the immediate and to the late nasal response, rather

than the involvement of the mucosal mast cells.2:11@,11¢,114,13b,13¢,40¢,40d,41b-41d,71,72,
72¢,724,96,97,97a

In contrast to the nasal mucosa, the bronchoalveolar lavage studies have provided

someevidence for the more prominentrole of the mucosal mastcells, rather than that
of basophils, in the lower allergic airways, 162162a,162g,162i,162n,163}, 164¢
However, other investigators did notfind increased numbers of mastcells in BAL or

biopsies of the bronchial mucosa. !648.1641,167y,167z

Finally, the studies of the SCF and cytokines haye contributed to the explanation not

only ofthe differentation butalso of the origin of mastcells and basophils. Recentevi-

denceof high levels ofcytokine production by mastcells and of the presence of macro-
phage-associated surface markers on the human mast cells suggest that the human mast

cell lineage may have more in common with the macrophage, another cytokinin-pro-
ducingcell, than with the myeloid cells such as basophils. The myeloid-associated sur-
face markers on the human basophils mayindicate their distinct and different develop-

mental pathway.164c
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(4) Neuropeptides

Anothergroup of compoundsbeingcapable, undercertain circumstances, ofinfluen-
cing therelease ofhistamine, and probablyalso other mediators, from the human mast
cells, are neuropeptides” 97x,131¢,163u,164g,164u, 164y, 165d, 168, 168a-168z,169,169a-169z,170,

170a-170z,171,171a-171v

Neuropeptides, small amino acid compounds, being localized near an in the neurons,

are present throughout the body, in various organsandtissues. 1¢3u, 168-168)
Stimulation of the non-myelinated C-fiber sensory nerve in the respiratory tract leads

to the antidromicrelease ofneuropeptides. The released neuropeptides then cause dila-
tation of the bloodvessels, increased vascular permeability, activation of variouscell
types, increased production andsecretion ofthe mucus,effects which are termed by
someauthors as "neurogenic inflammation”.168h,168i,169m

In the respiratory tract, the neuropeptidesare located in neurons, neuro-endocrine
cells and inflammatory cells.163u,168£-168},169d,169e The neuro-endocrinecells are granu-
lated epithelial cells distributed throughout the conducting airways that contain several
peptides including ”calcitonin”, ”katacalcin”, ’calcitonin-gene-related peptide”
(CGRP), bombesin ete.1634,169d Other neuropeptides, such as *vasoactive intestinal
peptide” (VIP) have been identified in various cell-types, including mastcells,19f
cosinophils,!698 mononuclearcells (monocytes),85 !69h,169t and polymorphonuclear

cells.163u,168f Once released, the neuropeptides mayact either as neurotransmitters, !©>4

or as mediators. !63u Tn the respiratory tract, various neuropeptides serve as neurotrans-

mitters modulating airway caliber, vascular tone, mucussecretion, and vascular perme-
ability. 168-168), 168t,168u, 1687, 169a,169b,169}-169m Some ofthe neuropeptidesare also

capable ofaffecting the functionsofvariouscell types by modulating their mediator

release 168f,168k,1681-168n and chemotactic responses.!63u, Lest
The following neuropeptides have been identified in the respiratory tract: (a) the

tachykinins, such as substance P (SP), neurokinin A (NKA), neurokinin B (NKB),

neuropeptide K (NPK); (b) neuropeptide Y (NPY); (c) vasoactive intestinal peptide

(VIP) and tworelated peptides, peptide histidine isoleucine (PHI) and peptide histidine
methionine (PHM); (d) calcitonin; (e) calcitonin gene-related peptide (CGRP);

(f) somatostatin; (g) katacalcin; (h) galanin; (i) enkephalins; (j) cholecystokinin (CCK);

(k) bombesin/gastrin releasing peptide (GRP); (1) atrial natriuretic factor; (m) neuro-

tensin; (n) thymosins; (p)B-endorphin.1631,168F168i,168x,169, 169b, 169c-169e, 169m, 169n,

1692;170,17 1m,17 Ln; 1712

The tachykinins form a group ofpeptides with a common c-terminal sequence of

PHE-X-GLY-LEU-MET-NH,but different amino-terminal sequences that convey
receptor specifics. 163u, 168h,168i,169¢ These neuropeptidesare called tachykinins with

respect to their rapid spasmogenic effects on the smooth muscles. 97%163u,1 68h; 168i,169¢
The neuropeptides have various biologic effects, termed “neurogenic inflammation”,

the most importantof themarerelated to the vascular tone, vascular permeability,

airway tone anddirect influence on the functionsofvariouscell types. 1634.1680-168m,
1696 The SP, CGRP, VIP, PHM and PHare very effective vasodilators,1688 whereas

NPY maycauseincrease in vascular tone resulting in vasoconstriction.!63u,169P NPYis

likely to be a co-transmitter with norepinephrine and is predominantly localized
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aroundthe blood vessels in sympathetic fibers.168y,169r The tachykinins, SP, NKA and
NKB canalso increase vascular permeability,!6°» 16s and their effects can be supported

by CGRP.!©9s In contrast, the NPY may reduce the vascular permeability induced by
SP, 169s

The neuropeptides, such as SP, NKA and CGRPare potent bronchoconstrictors,
whereas VIP, PHM andPHIare bronchodilators. 163u,168h, 168i,169e The neuropeptides

canalso directly modulate the functions of variouscell types, the so-called pro- and
anti-inflammatory effects, !63u; 1 68h, 168i, 168x, 169

The neuropeptides in the respiratory tract belong to the neurotransmitters ofthe so-

called *non-adrenergic, non-cholinergic nervous system” (NANC),163u, 1686168h- 168),

168s This system includes excitatory and inhibitory pathwaysthat are neither adrenergic
nor cholinergic, and this system exists besides the already established cholinergic and
adrenergic nervous systems, where acetylcholine and norepinephrine actas intrinsic
neurotransmitters, 163u, 168, 168b,1686 1 68h-168),1685-168u,169d,169e, 1691, 169m, 169x, 169y

The neural control ofthe airways is determined notonly by the balance between the
cholinergic and adrenergic nervous systems, according to the classical hypothesis, but

also by the NANCsystem,asit has been recently confirmed.168f 168s,169d, 169e,169g,169h

The cholinergic (parasympathetic) nervoussystem in the respiratory tract is conside-

red to be “excitatory” in nature, and it plays an important role in maintaining bronchial
smooth muscle tone and in mediating acute bronchoconstriction.!634,169g.1691 The cho-
linergic nervoussystem acts through the vagalafferentfibers in and aroundthe airway

lumen, which travel to the central nervous system and then terminate in theefferent
fibers innervating airway smooth muscles. Vagal stimulation induces a diffuse constrict-
ion ofthe airwaysto the whole extent.163u,169! This effect may be antagonized by atro-

pine and potentiated byacetylcholine-esterase inhibitors indicating that the effectis

mediated by acetylcholine acting on the muscarinic receptors, !63u,!70x The muscarinic

receptors are present in high density in the airways, howevertheir distribution is greater
in the large airways, 163u,170b,170c, 170x

In the humanlung, three muscarinic receptor subtypes have already been pharmaco-
logically identified (M1, M2, M3). However,five different muscarinic receptor subtypes
are presumed, 170b,170c,170x

The muscarinic receptor subtypes have been identified by meansofspecific antago-
nists, such as pirenzepine (M ,-selective), methoctramine (M,-selective) and 4-diphe-

nylacetoxy-N-methylpiperidine [4-DAMP](M.,-selective). The muscarinic receptors of

humanairway smooth muscles are mainly of the M.,-subtype, whereas humanalveolar
wall contains the M ,-subtype entirely.17¢ The human bronchial submucosal glands
contain both the M,- and the M;-subtypesin 1:2 ratio. The M, receptorsare located on
the parasympathetic ganglia and submucosal glands, andfacilitate vagal transmission
and mucussecretion.170b,170x The M2 receptors maybe presenton the cholinergic

nerves and act as autoreceptors inhibiting acetylcholine release. The M.,-receptors are

located in airwaysas well as in submucosal glands and are responsible for the contract-
ion of the airway smooth muscles and mucussecretion, 163¥,170b,170c,170x

The adrenergic (sympathetic) nervous systemin the respiratory tract is considered as
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”inhibitory” system,since the stimulation of the beta-receptorsresults in the relaxation

of the bronchial smooth muscles anddilatation of the airways. 165" 168s The sympathe-

tic nerve supplyto the lung originates from the secondto fourth thoracic preganglionic
fibers that end in the extrapulmonary ganglia stellate. The postganglionic fibers enter
the lungs at the hila accompanying the vagus nerves.!©5" The terminalparts ofthe adre-
nergic system in the human airways are formed by the alpha- and beta-adrenergic re-
ceptors that are importantin regulation of the smooth muscle tone. Both types of re-
ceptors have beenlocalized on variouscell types, includingalveolar andepithelialcells,

and on the airway smooth muscles, in higher numbersin the peripheral airways. 170d
The beta-receptors appear, however, in higher density than the alpha-receptors,!794
The beta-receptors can be devided into beta,- and beta.,-receptors, whoseratio is

approximately 1:3 in the humanlungs.The beta,-receptorstimulation results in the

relaxation of the bronchial smooth muscles, inhibition of the antigen-induced mastcell
mediatorrelease, release of the surfactant, fluid and protein exchange, ion transport,
and decrease in the cholinergic neurotransmission.15u-168h,168i,168s The alpha-adrener-
gic receptors also appear in two subtypes, alpha ,- and alpha,-receptors, whose exact
role is, however, notyet fully understood. The alpha, -receptor stimulation induces

mucus secretion!7°e and may augment mediatorrelease from the mastcells.1634
Stimulation of the alpha,-receptors has been shown to inhibit both the cholinergic and
the non-cholinergic excitatory transmission. !634)168h, 168i
The non-adrenergic non-cholinergic system (NANC)consists of: (a) the non-adre-

nergic inhibitory system pathways and (b) non-cholinergic excitatory system path-

ways.!68s The non-adrenergic inhibitory system appears to be the predominantneural
bronchodilatory system in the humanlung. 1685,168i,169! Potential neurotransmitters of
this system in the humansinclude ”vasoactiveintestinal peptide ” (VIP), peptide histidi-
ne methionine (PHM), and probably also nitric oxide.1634,168h,168i The VIP is not only
a very potent endogenous smooth muscle relaxant, butit also inhibits both the mucus
glycoprotein secretion from the humanrespiratory epithelial cells1624-1684,170e and a

numberofcellular functions, such as degranulation and mediator release from the mast

cells,168£168k,168x, 169b ag well as the activation ofmacrophages,platelets, monocytes
and T-lymphocytes. 163u,168h, 168i, 168m, 168u,168w, 168x, 191,171 PHMis also a potent

smooth muscle relaxantof the human bronchi. !68h,168i,169k
TheVIP inhibits the human naturalkiller cell activity, lymphocytetraffic and prolife-

ration, release of IL-2, and the antigen-inducedrelease of histamine from the guinea pig
lung.!68r,168w,169v The VIP also antagonizes the bronchoconstrictioneffects of various
mediators, including histamine, PGF,,, LTD, and neurokinin A. !68h,168i,168u

The VIP immuno-reactive nerves have beenlocalized in the airway smooth muscle,

bronchial glands, and pulmonary and bronchial blood vessels. The density of VIP
immuno-reactive nerves is highest in the upperrespiratory tract (e.g. nose) and is low-

est in the bronchioles.!70F179s The VIP receptors have been foundin the high density in
pulmonaryvascular smooth muscles, smooth muscles ofthe large but notin the small
airways, bronchial epithelium, submucosalglands andin the alveolar walls.!7°8
The non-cholinergic excitatory system in the humanlungs induces a bronchocons-

triction whichis not inhibited by atropine butit is blocked by antagonists to substance
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P.169r The same bronchoconstriction can be caused bycapsaicin, a compound inducing

the release of substance P or other neuropeptides from unmyelinated sensory ner-

ves,!69t,170h Potential neurotransmitters of this system include substance P, neurokinin

A (NKA), neurokinin B (NKB), and calcitonin gene-related peptide (CGRP).163u, 1688,
168g, 168h, 168t, L68w,169d,169j,169m,169p,169w, 169y Substance P immuno-reactive nerve

fibers may be foundin the neighbourhoodofthe blood vessels, airway epithelium and
airway smooth muscle cells.168h-168), 168r,168z,1691, 170}

The substance P, whichis found in increased concentrationsat thesites of local in-

flammatory processes, 163u,168f 169¢,169m,169w,.169x may cause the T lymphocyteprolife-
ration, 168f, 168x,169b,169u,169v,1711 release ofmediators from certain mastcells,!686168),
168k,168n, 168p, 169b, 169w; 170 but not from basophils, !6%>release of proinflammatory and
immunoregulatory substances from macrophages, !686169 enhancementofphagocyto-

sis by macrophages and polymorphonuclearleukocytes, !68169m enhancementofthe
production of immunoglobulins by B lymphocytes (plasmacells),169>-169v and chemo-
taxis ofmononuclearcells and polymorphonuclearleukocytes, 1631,1686168),168k,1681,

169,1691 Both SP and NKA have also been showntostimulate the release ofinterleukin-1,

tumornecrosis factor-o and interleukin-6 from the human blood monocytes. !694

Recently, SP has been shownto induce the eosinophil infiltrates through the degranu-
lation of mast cells in mice.169

Substance P (SP) induces bronchoconstriction, stimulates the mucus glycoprotein

secretion from the human tracheal glands and has distinct cardiovascular effects, espe-
cially vasodilatation, 168% 170e,170h,170k
SP has also been shownto increase cholinergic-induced neural responses in animal

airways, probably throughtherelease of acetylcholine.!7°! However, a comparable effect
of substance P in human airways has not yet been confirmed. Theeffects of substance P
on individualcell types, also in man, have already been discussed in this section.

Somatostatin, in contrast to SP, has been shownto be able to induce degranulation

both of the mastcells and of the basophils. !69,169b.170
Somastostatin mayalso inhibit the proliferation of T-lymphocytes, besidesits bloc-

king effect on the release of substance P and neurotensin from the primary sensory
neurones, 168%,169b,1697,1711,171n

Another neuropeptide, neurotensin, released from the bipolar sensory neurones,

causes notonly distinct vasodilatation allowing influx ofvarious inflammatory cells, but
also induces the mastcell degranulation followed by the release ofhistamine and other
mediators, and stimulates neutrophil chemotaxis and phagocytosis, 168%169b, 171n
NKAmayalso play an importantrole inside the non-cholinergic excitatory nervous

system, 1634,158t NKA is co-localized with substance P in sensory airway nerves. !68t

NKA immuno-reactive nerves are prominent in bronchial smooth muscles and pulmo-
nary vessels, and they are also present in trachea, bronchioles and alveoli.168t NKA also
induces the bronchoconstriction of humanairways, however, to a higher degree than
substance P.169l The effects ofNKB on the humanbronchi havenot yet been confir-
med,1691

CGRP is also co-localized with substance P in the airway nerves.1686168) CGRP
immuno-reactive nerves have been localized in the neighbourhood ofganglia, blood
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vessels within the tracheo-bronchial smooth musclelayers, and underneath and within

the respiratory epithelium.17™,170n CGRP has been reported to stimulate basal serous

cell secretion and epithelium albumintransport, to modulate acetylcholine and proba-
bly to cause the constriction of human bronchi due to the contraction of the human

bronchial smooth muscles. 1631,170n

Thepossible participation of the non-cholinergic excitatory system in the mechanism
of asthma has been proposed by Barnes, formulating the ”axon-reflex” hypothesis.131>

168i The antigen-antibody interaction or other mechanisms mayresultin the release of

various mediators from variouscell types, which then stimulate the vagal afferent nerve

endings in the airwayepithelium. This process may trigger notonly thereflex increase

in afferent cholinergic activity but also the antidromic release of neuropeptides such as

substance P, NKA and CGRP,via a ”short-circuited”local reflex loop. These neuropep-

tides, in turn, may cause airway smooth muscle contraction, edema, productionof
mucus, and release of other mediators, factors and constituents fromvariouscell

types. 168h,168i

The knowledge concerning the other neuropeptides andtheir possible effects, espe-

cially in the humanrespiratory tract,is stil] limited.'©8s-'68i The neuropeptide Y (NPY)
has been foundto be a potent vasoconstrictor. However,it does not appearto have a
direct effect on the human airway smooth muscle cells.168y,169l, L69p NPY has been

found in human lung andis localized primarily to the bloedvessels.17° NPY is proba-
bly a co-transmitter of norepinephrine. 169P.!70p The “gastrin releasing peptide” (GRP)
is the mammalian equivalent of the amphibian peptide bombesin. GRP has also been
found in the human lung!70and may have a numberofbiologic effects, such as mito-
genesis of the bronchialepithelial cells, contraction of bronchial smooth muscles and
stimulation of the mucus secretions. !68h,168i Cholecystokinin (CCK) has also been

found in the lungtissue! 68h, 168i and this neuropeptide has been shown to mediate

humanairway bronchoconstriction "in vitro”.170s
Several studies "in vitro” as well as ”in vivo” have demonstrated that the neuropepti-

desrealize their effects through the activation of specific cellular receptors. 1634.168u,
170a,170g,170t,170u,170v

For example, three high affinity receptor subtypes have been found for tachykinins.
163u Substance P interacts with receptors of the NK-1 subclass (SP-P), NKA interacts

preferentially with the NK-2 subclass (SP-E), whereas NKBinteracts with the NK-3

subclass (SP-N) receptor, !68h,168i,1691

SP, NKA and NKBare the endogenous mammalian agonists for the NK-1, NK-2 and
NK-3 receptor subclasses. The binding ofagonists to the neuropeptide receptors leads

to a series of specific intracellular events.168h,168i The receptorsfor the putative peptide

neurotransmitters of the NANC nervoussystem have been identified both in the human

and in the animal lungs. }68h.168i

Furtherdescription ofparticular neuropeptide receptors in detail would exceed the

scope ofthis text. This topic is reviewed in an excellent mannerelsewhere. 168h,168i,1691
Aninteresting property of the NANCsystem isits ability for ”co-transmission” and

co-localization” of the neuropeptides. It meansthat one type of nerve can release va-
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rious types of neuropeptides simultaneously and these neuropeptides can appearat the

samesite, which is also called ”co-release”.168t,169m,170m Moreover, various neuropep-

tides can be co-localized with the classic neurotransmitters of the autonomic nervous
system. 168f, 168t,168y,169m,169p,17 1a

According to the recently gathered evidence, the parasympathetic nerves may contain,

besides acethylcholine, also VIP; the sympathetic nerves may contain both noradrena-
line and neuropeptide Y; and the capsaicin-sensitive sensory C-fibers may contain SP,

NKA and CGRP1686171a, The stimulation of a particular type of nerve can then result in
the release of various different neuropeptides and classic neurotransmitters with diffe-
rent and manifold effects. The final results of such co-release depends on the quantities

of the particular transmitters released, the locationof the release and the environment

into which such release occurs, 1686 168h,168i
Asin otherbiological systems, there is a basic functional balance inside the NANC

system upon the participationof the antagonists to the particular neuropeptides!68t171b
and various enzymes(peptidases) that can either inactivate the neuropeptides or change
them into biologically different active forms. 1686171b-171e The peptidases are produced
by variouscell types of the so-called "neuroendocrine”as well as "inflammatory”cell

groups and they may be associated with the cellular membranesor be soluble in the
tissue fluids.171b.171¢

Mostof the neuropeptides have a shortlife in the blood stream,!716.171¢ The physical

distance between the pointofpeptide release, the targetcells, and the peptidases type,

are the factors determining the biological actions and effects of the particular neuro-
peptides. 163u,171e

There is a variety of peptidases capable of degrading the neuropeptides. These include
neutral endopeptidase (NEP, CD 10) called also ”enkephalinase”, peptidy| dipeptidase,
called also ’angiotensin converting enzyme” (ACE), various carboxy-peptidases and

aminopeptidases.!71e

Mostofthe peptidases are notspecific for the particular neuropeptides. !71¢ NEP, a
membrane-associated metallopeptidase, widely distributed in the body,is, outside the

nervous system, predominantly localized in the epithelial cells, fibroblasts, and neutro-

phils.1716-171e NEP hydrolyzes peptides at the amino-side of the hydrophobic amino-

acids. The peptides cleaved by NEP include the enkephalins, bradykinin, neurokinins,

substance P, neurotensin, cholecystokinin (CCK), gastrin, gastrin-releasing peptide

(GRP), and natriuretic factor, !71b-17 le

In contrast, NEP andits effects are inhibited by compounds, such as thiorphan and

phosphoramidon.!63u,171f
ACE,being an exopeptidase removing dipeptides sequentially from the C-terminus,is

also widely located in the body. However, the predominantlocation of ACEis the

luminal surface of vascular endothelium,!7!5-!71¢ and epithelial and neuroepithelial cell

surfaces.171b.171g ACE hydrolyzes the neuropeptides especially in the blood stream.171e

ACEconverts the angiotensin I to angiotensin II, inactivates the bradykinin and degra-
des enkephalins, substance P and neurotensin. !71b,171¢,171g171h ACE andits effects are

inhibited by captopril and enalapril, which have also been shown to augmentboth the
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spontaneousandthe antigen-induced histaminerelease from the lung and skin mast

cells and probably also from the basophils.!7!e

Finally, the mast cell proteases, tryptases and chymase have also been shownto

degrade some ofthe neuropeptides. !71i-171k The mastcell tryptases and chymase are
capable of degrading the VIP,!7!* while chymase, but not tryptase can degrade the
substance P,171i

(5) Various compounds activating the mast cells and basophils

Finally, there are various other compoundsand factors which have been shownto be

capable ofstimulating the mastcells and/or basophils to secrete and/or to degranulate
and to release their mediators, such as: (a) Formyl methionine, being a part of some

tripeptides, can bindto specific receptors and induce histamine release from the human

basophils; !62™(b) Arginine-rich major basic protein, stored in eosinophil intracellular
granules ,may activate the basophils and mastcells for non-cytotoxic histaminerelea-

se;!62m (c) Tonophores, lipophilic compounds, insert themselves into the cell membra-

nes and transport ions across the membrane. The Ca++ ionophore A23187triggers the

mediatorrelease from the basophils and mastcells in the presence of Ca+* ions in the
medium;!62m,1742 (qd) Other compoundsand factors, such as proteinsreleased by
neutrophils and diagnostic and therapeutic drugs, such as polymyxin B, compound

48/80, polylysine, polyarginine, morphine, tubocurarine, dextran, adenosine triphos-

phate, chymotrypsin,opioids, iodinated contrast media andlastly some physical stimu-

li, such as heat, cold, sunlight and mechanical pressure,162™,162z,164z,165g

6. INNERVATION, NEUROPEPTIDES AND NEUROGENIC CONTROL OF THE
NASAL MUCOSA

Various neuropeptides are involved in the neurogenic control of the nasal mucosa

andparticipate also in various steps of the hypersensitivity mechanisms and processes

arising in that tissue, 1988-168}, 1691,170e,170w,171r The knowledge concerningtherole of

individual neuropeptides in the mechanisms underlying the particular typesofthe

human nasal mucosa response to allergen exposure as well as to other stimuli is, howe-
ver,still incomplete. !68#

[A] INNERVATION OF THE NASAL MUCOSA

The innervationof the nasal mucosa includes not only theclassical nerve systems, the

sensory nerve system and the autonomic nerve systemsconsisting of the sympathetic
(adrenergic) part containing noradrenaline as neurotransmitter and of the parasympa-
thetic (cholinergic) part with acetylcholine as neurotransmitter, but also other neuroge-
nic mechanisms, 168168i,169x,17 1s

Recently, evidence has been provided for existence of such neurogenic mechanisms
also in the humannasal mucosa,97%+!68s,171t,171u,171v These mechanismsare neither
adrenergic nor cholinergic and may form the so-called "third nervous system”, being

probably comparable with the ’non-adrenergic non-cholinergic nervous system

(NANC)”described in the lower airways, where various neuropeptidesplay the role of

neurotransmitters, }68h,168i,168s,169m,171b,17 le, 7 Lr-171v
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(1) Sensory nerve

The sensory nerve supply of the nasal mucosa originates from the trigeminal nerve
(nervus trigeminus), throughits branches the maxillary (1. maxillaris) and the ophthal-

mic (1. ophthalmicus) nerves, and from the pterygopalatine ganglion,also called the
sphenopalatine ganglion,located in the fossa pterygopalatina.

Oneofthe ophthalmic nerve branches, the nasocilial nerve (n. nasociliaris) divides
into 4 sub-branches, and twoof them arerelated to the nasal mucosa; the posterior

ethmoidal nerve (1. ethnoideus posterior) supplies the posterior ethmoidalsinus, and

the anterior ethmoidal nerve (1. ethmoideus anterior) supplies the anterior part ofthe

lateral nasal wall by meansofits ”rami nasales anteriorlaterales” and the anteriorpart of
the septum throughits ”rami nasales anterior septi”.
The branchesofthe maxillary nerve supply among others the maxillary sinuses

("rami alveolares maxillares posterior’ and branches ofthe ”n. infraorbitalis’, »ramus
alveolaris maxillaris medius” and rami alveolares maxillares anterior’, with adjacent
*plexus dentalis maxillaris’) and the nasal mucosa throughits branches ”nervi pterygopa-
latini” entering the pterygopalatine ganglion, and leaving this ganglion as: (a) ” rami na-
sales posterior” (dividing then into ”lateralis” sub-branches reaching the posteriorpart of

the lateral nasal wall and ”sept?’ sub-branches supplying the posteriorpart of the sep-

tum); (b) "7. nasopalatinus” divided into 3 branches, the great palatine nerve (n. palati-
nus major) innervating the hard palate, the middle palatine nerve (n. palatinus medius)

and the small palatine nerve (1. palatinus minor) supplying the soft palate; and finally
(c) rari orbitales” reaching the ethmoidal and sphenoidal sinuses.

(2) Parasymphatetic fibers

The parasympathetic fibers arise from the superiorsalivary nucleus(nucleus originis

salivatorius pontis), located in the lower pons, enterthe facial nerve (1. facialis) and

transfer then to its branch,the greater superficial petrosal nerve (1. petrosus superfictalis

major) at the level ofthe geniculate ganglion. This nerve emerges through the anterior
surface of the petrous temporal bone in the midline cranial fossa, forming the bottom of
the Meckel's cave (cavum semilunare) housing the ganglion Gasseri (=ganglion-semilu-

nare). The greater superficial petrosal nerve joins then with the deep petrosal nerve (#.
petrosus profundus) from the carotico-tympanic plexus on the internal carotid artery,
housing the sympathetic fibers, and both the nerves together form the nerve ofthe pte-
rygoid canal (#. carialis pterygoidet) , also called the ”Vidian nerve”. The nerve ofthe

pterygoid canal transverses the canal in the sphenoid at the rootofthe pterygoid proces-
sus and emerges in the fossa pterygopalatina, whereit enters the pterygopalatine gan-

glion(= sphenopalatine ganglion). The parasympathetic fibers have synapses here, and

the postganglionicfibers pass via the branchesofthe pterygopalatine ganglion (rami

nasales posteriores, n. nasopalatinus, nervi palatini) to the glandular, vascular and muco-
sal tissues of the nose and sinuses.

Recently, an additional parasympathetic pathway has been described, having the
accessory postganglion neuronsalso in the mucosal ”microganglia”, located in the nasal
mucosa. !70z
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(3) Sympathetic fibers

The sympathetic fibers are derived from the superiorcervical ganglion (also called
ganglion cervicale craniale), located on the front of the pracessus costotransversarius of
the second andthird cervical vertebra. The postganglionic sympathetic fibers enter,
through the internal carotid nerve (n. caroticus internus) the plexus caroticus internus,

continued as plexus cavernosus, and leaving this plexusas deep petrosal nerve (1. petro-
sus profundus) joining then the greater superficial petrous nerve and form together the

nerve of the pterygoid canal, which enters the pterygopalatine ganglion. The sympathe-

tic fibers are then distributed to the glandulartissues, blood vessels and nasal mucosal
tissue by meansofthe above described branches ofthe pterygopalatine ganglion, para-
llel to the parasympathetic fibers.
Concerning the structure of the sympathetic and the parasympathetic system, this

showsnot only some similarities, such as the existence of two neurons, one supplying

the preganglion fibers, whereas the other supplies the postganglion fibers; construction

ofthe fibers, the preganglion fibers having a myelin sheath, whereas the postganglionic
fibers do not; but also somedifferences, such as the non-existence ofsecondary and

tertial sympathetic synapses, in contrast to the existence of such parasympathetic synap-

ses and ganglions.!71y,1712 The sympatheticfibers do notrelay and after arising from
the superior cervical sympathetic ganglion they reach the appropriate sympathetic

plexusdirectly.!7!

(4) Basic types of neuroreceptors in the human nasal mucosa

The basic types of neuroreceptors, cholinergic (muscarinic) as well as adrenergic,

have also been demonstrated in the human nasal mucosa, !68h,168i,170,171r, 17 18,172a-172c

Cholinergic muscarinic receptors have beenlocalized in the nasal glandsafter ”in vivo”
administration of 3H-1-QNB (Quinuclidinylbenzilate), followed by dissection and

autoradiography. !?!*

In patients with allergic rhinitis, a significantly decreased numberofcholinergic

muscarinic receptors in the nasal mucosa has been found , in comparison with the

control subjects.!71%172b,172¢ However, no differences in the agonist binding or coup-

ling of the muscarinic receptors to the effector system via the G-protein have been
observed in patients with allergic rhinitis and the controls.!7!" These results may also

confirm the parasympathetic controlofthe glycoprotein production by the nasal muco-

sal glands.1724 Moreover, histochemical studies have demonstrated some nerve fibers

containing acetylcholine-esterase, in the sub-epithelial plexus!72¢ and blood vessels.172#
In contrast to the lower airways, no data concerning the existence of particular mus-

carinic receptors (e.g. M,, M,, M;) in the nasal mucosa have been available until now.

Recently, the investigator group from NIH in Bethesda!72s have reported the autora-

diographic localization and existence of muscarinic receptor sub-types also in the

human nasal mucosa. They have found M, and M,, sub-typesin the submucosal glands

and the M, to slight degree also in the wall of the blood vessels in the humannasal
mucosa. Thelocalization of the M, and M, receptors on the submucosal glands may
suggest that both the receptor sub-types, especially the latter, may contribute to glandu-
lar secretion.
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The adrenergic receptors of the -class (1, and ©.) as well as the B-class have also
been repeatedly demonstrated in the human nasal mucosa. !71%171s, 172a,172b
Moreover, the existence of a B.,-subtype adrenergic receptor has also been confirmed in
the humannasal mucosa.17!" In general, the a-stimulation ofthe nasal mucosais

mostly excitatory, whereas the B-stimulation is usually inhibitory. !72a

Nosignificantdifferences in theaffinity or density of both the ©, and o1,-receptors
have been foundin patients with allergic rhinitis in comparison with the control sub-
jects, whereasthe density ofthe B adrenergic receptor hassignificantly been reduced to

a great degree in the nasal mucosa ofthe patients withallergic rhinitis in comparison to
the control subjects.!7!"1!72b;172¢ No differences in agonist binding, coupling to G-
proteins or localization of the B-adrenergic receptors have been demonstratedin the

allergic rhinitis patients and control subjects.171*

Afferent impulses from the nasal mucosa are propagatedvia the sensory fibers to the

central neryous system andgiverise to tickling, burningor pain. Theafferent impulses
result in sneezing, increased secretion, changes in blood flow and volume. Sensory
intra-epithelial nerves have been found only in the extra-pulmonary airways. Sensory
fibers in the neighbourhoodofthe blood vessels may probably be involvedin thelocal
axon reflexes, !722,172f,172h

Efferent impulses are propagated via the autonomic, vasomotor and secretomotor
nervefibers. The vasomotorfibers are both sympathetic and parasympathetic, whereas

the secretomotorfibers are only parasympathetic. !72/
Thestimulation of parasympathetic fibers leads to dilatation ofthe blood vessels in

the nasal mucosa, whereas the stimulation of the sympathetic fibers results in the con-
traction of bloodvessels. !72#.172f172h-172j However, someinvestigators have reported
the possibility of the so-called "dual sympathetic innervation”of the nasal bloodvessels,
wherethe o-adrenergic agonists induce a vasoconstriction, whereas the B-adrenergic
agonists induce a vasodilatation.!7!>172k Later, the importance ofthe o-receptors in the
control ofthe nasal blood circulation (volume aswell as flow) has been confirmed,

whereas the importanceofthe B-receptors has weakened.1721

In contrast to the parasympathetic, the sympathetic fibers to the blood vessels possess

the tone. Thesefibers are numerousin the wallofthe sinusoids, which are permanently
in a state of partial constriction due to the continous sympathetic stimulation. Since the
sinusoids regulate the main part of the nasal blood volumein the turbinates, the chan-
ges in therelative balance of the autonomic system mayrapidly cause considerable

changes in the thickness of the nasal mucosa, especially edematic changes, followed by
changesin the degree ofthe nasal patency and nasal resistance.172a.172f

In contrast to the bloodvessels, the secretory as well as the contractile (myoepithelial)

functions of the human nasal glands are regulated by the parasympathetic fibers.172a,
172s However,sincethe secretion of the nasal mucosal glands depends, among others,

on the blood supply, the sympathetic nervefibers mayalso affect the mucosal glands

indirectly through the innervation oftheir blood vessels.!724

BLY.
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[B] NEUROPEPTIDES AS NEUROTRANSMITTERSIN THE HUMAN

NASAL MUCOSA

Asalready mentioned, evidence has been providedfor the existence of a non-adrener-

gic non-cholinergic nervous system,including various neuropeptides as neurotransmit-
ters, also in the humannasal mucosa, 162#,168h,168i,168y,1691, 169m,169y,170i,1711,1718,171u,

171vy1726,172g5172k-17275173,173a-173y,174

Someofthe neuropeptides havealready been identified in the human nasal mucosa

(inferior turbinate tissue) and measured in the following concentrations (mean + SEM)

(1) Substance P [SP] = 5.91 + 2.14 pmol/gtissue,!72™ 1.03 + 0.2 pmol/gtissue,!72P(2)

Neurokinin A [NKA] = 0.76 + 0.23 pmol/gtissue;!72P (3) Neuropeptide Y [NPY] = 3.13 +

0.79 pmol/gtissue;168y.172.173 (4) Vasoactiveintestinal peptide [VIP] = 2.84 + 0.47 pmolfg
tissue;!72t (5) Calcitonin gene-related peptide [CGRP] = 0.45 + 0.3 pmol/gtissue;!774(6)

and Bombesin/Gastrin releasing peptide [GRP] = 0.60 + 0.09 pmol/g tissue.172¥

Unfortunately, thereis a dearth of information concerningthe possible presence of

other neuropeptides in the human nasal mucosatissue as well as the appearance of

neuropeptidesin the nasal secretions, andtheir possible changes during the individual

types of nasal responseto allergen challenge.

Moreover,veryfew data are available concerning the appearance and concentrations

ofparticular neuropeptidesin the nasal secretions of healthy humansubjects and

patients with allergic rhinitis as well as those with vasomotorrhinitis (= non-specific

hyperreactivity component) only.

Tonnesen and co-workers!73v performingthe nasal challenges with timothy grass

pollen and methacholine bromidein patients with pollen-related allergic rhinitis, have

recorded substance P in the nasal secretions in concentrationsof 4.0 (0-17.5) pmol/L

immediately after the allergen challenge and of 10.1 (4.0-15) pmol/L immediately after the

methacholine challenge. Unfortunately, they havefailed to include data concerning the

baseline concentrationsofsubstance P (= before the challenges) as well as the description

ofthe nasal response bothto theallergen and to the methacholine in the time-course.

Walker and colleagues!73! havealso carried outthe nasal challenges with rye grass

pollen, both in patients with pollen-related rhinitis and in control subjects, supplemented

by measurement ofthe concentrations of substance P (SP), somatostatin 14 (SOM),

calcitonin gene-related peptide (CGRP)andhistaminein the nasal lavagefluid before and

after the allergen challenge. They haye recorded thefollowing pre-challenge concentra-

tionsin the nasal secretions: (a) histamine: 25-35 ng/5 mlin control subjects and 25 ng/5

mlinallergic patients; (b) CGRP: 200 - 400 pg/5 ml in controls and 250-400 pg/5 ml in

allergic patients; (c) SOM: 5-400 pg/5 mlin controls and 600-1000 pg/5 mlinallergic

patients; (d) SP: 140-180 pg/5 mlin control subjects and 80-130 pg/5 ml in allergic rhinitis

patients. After the allergen challengeinallergic patients, but notin control subjects, the

significant increase has been recorded in concentration ofhistamine (3-fold) at 15-60

minutes, ofCGRP (1.5-4-fold) at 15 minutes to 24 hours, and ofSOM 14(2-fold) at 6

hours, whereas the concentration of SP had not changed significantly. They concluded

that "CGRP may mediate the nasal congestiondirectly and SOMmaybe oneofthe
factors regulating thelate involvementofbasophils and mastcells in allergic rhinitis”.

However,these investigators havefailed to present both the absolute values of the concen-
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trations of neuropeptidesin the nasal secretions (only the approximate values are readable
from thefigures), and the description ofthe nasal responsetoallergen challenge.

Furthermore,several nerve fibers containing various neuropeptides have been found in
the human nasal mucosa and someofthe neuropeptide -reactive neurons have been iden-

tified in the nervetracti and/or ganglionsrelated to the nasal mucosa, 169,17 1v,173d-173F

(1) Substance P (SP)

Substance P is presentin the type C nociceptive sensorimotor neurons. !79l-170p,170v,
1711,171v,172b,1721-172p,172wTy the same neurons, SP is co-localized with the neurokinin

A (NKA)and the ’calcitonin gene-related peptide” (CGRP).!72p.!73f SP, NKA and

CGRPcanbereleased simultaneously from the same neuronand their co-release may
then cause either synergistic or antagonistic effects in the target tissue.173173g In the
humannasal mucosa, the SP-immuno-reactive nervefibers are present in high density
on the walls ofarterioles, venules and venoussinusoids, and as individual fibers also in

gland acini, near the basement membraneandin the epithelium. !72P:172z $P-immuno-
reactive nervefibers have been foundin the walls of arterioles at the junction ofthe

adventitia and muscularlayers and between the smooth musclecells. 172p SP-fibers
form a plexus around the mucosalarterioles and venules.!72P SP appearsto be localized

predominantly to the capsaicin-sensitive unmyelinated nervesin the airways.!68h
Tachykinin effects on the target cells are mediated via specific receptors and each

tachykinin activates selectively an appropiate receptor, !68h,170v The neurokinin recep-
tors, NK-1, are activated preferentially by SP, NK-2 by NKA, and NK-3 receptors by
neurokinin B (NKB),168h,168i,170v In the human nasal mucosa, the SP-binding sites

have been found in the epithelium, mucosal glands and on the blood vessels (arterioles
as well as venules), whereas the NKA-bindingsites only on thearterioles.!72P

The NKAbinding maytherefore indicate the distribution of the NK-2 receptors on
the arterioles, whereas the SP-binding may demonstrate the presence ofthe NK-1 re-
ceptors on the arterioles, venules and mucosal glands in the human nasal mucosa.!72P
Nodifferences have been foundin the SP-bindingsites between the serous or mucous
cells of the glands,!72p

Nociceptive sensory nerves play an importantrole in the protection ofthe nasal mu-
cosa, !72p,173f-173h Mucosal injury, mechanical or thermal stimuli, or allergen exposure
in sensitized subjects, may lead to the generation and release ofa variety of factors, such

as bradykinin, histamin, K+, H+, prostaglandins, leukotrienes, PAFs, which can then
affect the sensory nerve receptorsresulting in the sensory nerve depolarization and

nerve impulse generation. 16%171v, 172p, 173g, 173h Depolarization ofa single peripheral
axonbranchleads to the depolarizationofthe entire extensively arborized sensory neu-

ron, and central depolarization along the thin, unmyelinated central axon to the central
nervous system.!7381!73h These type C fibers transmit the nociceptive stimuli due to
pain,itching and burning.!73f The peripheral, branched axons pass near submucosal
gland cells, myoepithelialcells, the walls of arterioles, arterio-venous anastomoses, ve-

nules and venous sinusoids, !71¥+172p,173g,173h Tn these locations, the axonsare thicke-
nedinto the so-called “neurosecretory varicosities”, representing the neural switch. 173f
Depolarization results in the release of multiple neurotransmitters from these varicosi-
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ties.172p,173f The neurotransmitters act upon local structures and inducea variety of

changes such as vascular permeability, arteriolar vasodilatation, smooth muscle contrac-

tion, and submucosal gland secretion. 16%171% 172p, 173g, 173h This local "efferent"

action ofthe afferent” peripheral sensory nerves constitutes the axon response.!72P

The dual sensory and motorfunctions of the nociceptive nerves led some investigators

to use the term ”sensorimotor” neurons.!72P

(2) Neurokinin A (NKA)

The neurokinin A - immuno-reactive nerve fibers have also been foundin the walls of

the arterioles at the junction ofthe adventitia, in the muscular layers and between the

vascular smooth muscle cells. 172p.172z, A dense plexus offibers appeared to be present

in the human nasal mucosa. Single free NKA fibers mayalso be occasionally found near

venules, in the loose connective tissue beneath the basement membrane and between

the epithelialcells. 172 P, NKA nervefibers have also been foundin the nerve bundles

deep in the nasal mucosa !72p, NKAis capable of inducinga distinct constriction of the

smooth muscles in the humanairways.!68h

(3) Neuropeptide Y (NPY)

The neuropeptideY is usually located in a subpopulation ofthe postganglionic sym-

pathetic fibers.!©9P In thesefibers, NPYis stored, together with epinephrine,in large,

densecorevesicles.!72"172y The NPY containing nervefibers are mostly concentrated in

the walls of small arteries andarterioles at the adventitial-medial junction or within the

vascular muscularlayer.!7!¥»!72" Moreover, the venous portions and venous sinusoids

are also supplied by these nerves,to a lesser degree. Somefreefibers mayalso be found

in the adventitia of the small venules betweenthe gland acini. !72r

The NPY-immuno-reactive fibers present nearthe arteriolar vessels form a plexus

aroundthese vessels. 171¥) 172", The release of the immuno-reactive NPY canbe inhibi-

ted by phosphoramidonorthiorphan, inhibitors of the neutral endopeptidase (“enke-

phalinase”), being a memberofthe metallopetidases.171>.1716171e

(4) Vasoactive intestinal peptide (VIP)

The ”vasoactive intestinal peptide”, being a neurotransmitter in the postganglionic

parasympathetic neurons, is present along with acetylcholinein the parasympathetic

nervefibers,169m171v

Postganglionic cholinergic neurons contain VIP, peptidehistidine methionine (PHM),

acetylcholine, choline acetyltransferase and acetylcholinesterase.!68», 168: The neurons

enter the nasal mucosa via the posteriornasal nerves and innervate the submucosal

glands, arterioles and venules.169™,171u,171v,172s

VIP is released along with acetylcholine by parasympathetic nerves and it may play an

importantrolein the regulationofvarious functionsof the nasal mucosa,!724175b The

VIP-immuno-reactive nervefibers are located predominantly around the submucosal

glands. 170f,172s,172t The fibers contact the acinar glands directly, 168172h,172" However,

somefibers mayalso be found in the walls of the mucosal blood vessels, venules and
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arterioles, especially in relation to the vascular smooth musclesof arterioles.172t

Moreover, the binding of single VIP nervefibers to the vascular endothelium cannot be
excluded, although a precise differentiation between the smooth muscle and endotheli-
um binding ofthe radio-labelled VIP has notyet been possible.!72t The VIP-containing
neuronsalso contain a closely related PHM peptide.!69™ Although VIP, PHM and

acetylcholineareall present in the peripheral neurosecretory varicosities of the postgan-

glionic parasympathetic neurons, the amountsofeach released during the neural trans-
mission appears to depend onthe nerve impulse frequency.!73< Atlow rates, only ace-

tylcholineis released, whereasat high rates, acetylcholine together with VIP and PHM

are released. VIP may augment the postsynaptic acetylcholine - induced secretory res-
ponsein the glands, butit may also have presynaptic inhibitory effects on the further
neuropeptide release. This mechanism would prevent the total release of stored neuro-
peptides since there are no re-uptake mechanisms, and the VIP and PHMcanonlybe
resupplied by axonal transport from thecell body.!73¢ This process may play a very im-
portant role in the function of the parasympathetic neurons.!73¢

(5) Calcitonin gene-related peptide (CGRP)

The “calcitonin gene-related peptide”acts as a neurotransmitter in type C nociceptive
sensimotor neurons and sensory nerve (C-fibers) 168h,168i 172u,173f,173g, These neurons

have a dual function, acting both as afferent sensimotor neurons andasefferent regula-
tors ofvasomotor function.!68t.173h Theafferentrole involves the transmission ofthe
message of mechanical and thermalstimuli to the central nervoussystem.!73h

Peripherally, these branched dendritic fibers are widely dispersed near the blood
vessels andactas the efferent mediators of the axonreflex. !73-173h CGRPbeing a
potent vasodilator, is present in nervefibers representing the nociceptive sensimotor
nervesthat innervate vascular structures (musculararteries, arterioles, veins and venous

sinusoids) .168t171v,172u The CGRP-immuno-reactivefibers form a plexusin the walls

ofthe small, deeper in the submucosa localized, muscularartioles at the junction of the

adventitia and the muscular layers and between the vascular smooth musclecells.168t
'72u In contrast, the thin walls ofvenules and venoussinusoids are innervated by indivi-

dual fibers. The single CGRP-containing fibers mayalso be found betweenthe gland
acini !724 contacting the myeloepithelial and/or submucosal glandcells in the loose
connective tissue beneath the basement membrane, between the epithelial cells, and

finally in the nerve bundles deep in the mucosa.!72u
There are several types of the CGRP-containing sensory neurons, including types

thought to contain both CGRP andtachykinins, such as substance P and neurokinin
A,168t,172u51736,173F-173h CGRP is also co-stored and co-localized with substance P in
afferent nerves, !68h;168i,168t,170m,170n,170r,1731,173g CGRP mayalso be foundin the
trigeminal, nodose-jugular and dorsal root ganglia. 173i CGRP bindstothespecific
surface receptors thatare linked via a stimulating G-protein (Gs) to adenylcyclase, thus
increasing intracellular cyclic AMP concentrationin the vasculartissue, !68h,168i,170u

Althoughthe single CGRP-containing nervefibers have been identified adjacent to
the submucosal gland acini and betweentheepithelial cells, there is no evidence for a
role of the CGRPin the glandular secretion.170r172u
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Initial studies of the sensory nerves have been performed using capsaicin. !68t169%
170m,172m, 173f-173h, 173},173x Capsaicin, the pungent agent has been used as an experi-

mental tool in studies on the peptide-containing sensory nerves in the airways.168¢ This
compoundis knownto activate selectively a population of the chemosensitive C-fiber
afferent pathways in the airways.!73k This initiates a cascade ofboth the central reflexes
andthelocal release of bioactive peptides from the peripheral branches of sensory ner-
ves. After exposure to a high dose ofcapsaicin,the largest portions oftachykinins and

CGRP disappear from the nervesin the airways, whereas the VIP-containing nerves and
sympathetic nerves remain unchanged, !682,169¢, 170m, 172m,173g Because ofthe selective
action of capsaicin treatment on the tachykinin - immuno-reactive and CGRP-immu-
no-reactive nerves,it is likely that these peptides are mainly presentin the chemosensiti-
ve C-fiber afferents, which represent only a sub-population of the sensory nerves in the
airways. 172m, 173h The tachykinin - and CGRP-immuno-reactive nerves in the human
nasal mucosaare very abundant, whereas they are comparatively moresparse in the

human trachea and bronchi.!68t

(6) Gastrin-releasing peptide (GRP)

The GRP is a mammalian equivalent of the amphibian neuropeptide "bombesin”.
173m,173n A group of resembling neuropeptides, sharing the active C-terminal sequence,

the so-called "GRP-related peptides”, has also recently been identified,!73p.175r GRP is

located in the nerve fibers and pulmonary neuroendocrinecells, and canalso be detec-

ted in plasma.!73" The GRP can act as a neurotransmitter, a neuroregulatory agent, and

as a growthfactorin fetal, normal and neoplastic respiratory tissue, 1796173,173 F

The GRP-containing nerve fibers have been demonstrated around the blood vessels and
submucosal glandsin the airways of several species including man.!7°r GRP hasalso
been identified in the trigeminal sensory nerves (trigeminal nociceptive sensorimotor
type C nervefibers) that innervate the human nasal mucosa. !72v: Thedistributionof the

GRP-containing nervesin the nasal arterial and venousvessels and glandsis very simi-
lar, of not identical, to that of substance P(SP), neurokinin A (NKA) and calcitonin

gene-related protein (CGRP).172v The GRP bindingsites in the nasal and bronchial

epithelium are present onthe epithelial cells and submucosal glands, !72v-172# The arte-
rioles are densely innervated by a plexus of GRP-immuno-reactive nerves, which fibers

are mostly concentrated in the neighbourhood ofthe adventitial border and between

the vascular smooth musclecells, although some of them may penetrate up to the in-
tima.172vThewalls of the venoussinusoids and venulesare innervated by individual
fibers.172¥ Individualfibers can also be found in submucosal glands in close apposition
to both the mucous andseroussecretory cells and in connective tissue and beneath the

epithelial basement membrane.!72v The deep mucosal nerve bundles containing a po-
pulation ofintensely stained GRP-immuno-reactive neuronsare usually also located in

the human nasal mucosa. No GRP-containingepithelial or neuroendocrine cells were

identified in the humannasal mucosa,1728172v

The GRP-immuno-reactive nerves are present between the gland acini of the nasal
mucosa and the GRP binding sites are present on the submucosalglands and epithelial

cells in the human nasal mucosa,'72¥
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The GRP-immuno-reactive material has also been found in thearteriolar vessels in

the nasal mucosa, but no GRP-bindingsites were identified on the blood vessels, !7!™
172v This finding may suggest that the presence ofGRP in a nerve ata given location
does not necessarily indicate that the peptideis active at that site.!72v Rather, the pre-

sence ofthe receptors and their distribution probably determines the actions of neurally

released neuropeptides. The response pattern may even be more complex, since GRP

may be co-stored and co-localized with other neuropeptides.!73fThe origin of the GRP-
containing neuronsis not yet clearly known,!72v

The co-distribution of the GRP, CGRP, NKA and SP may suggest that GRP is locali-

zed in the trigeminal nociceptive sensorimotortype C nerve fibers.!72v In the case of
GRP localization to the sensory neurons, the activation of the sensory neuron axon
reflex would lead to the release ofGRP near the submucosalglands and theepithelium.

173g. 173h, Moreover, the HPLCresults indicate that GRP and humannasal mucosal
GRP-immuno-reactive material co-elute, and thatthereis only a single peak of extracta-

ble GRP-immuno-reactive material. !72v

[C] EFFECTS OF NEUROPEPTIDES ON THE NASAL MUCOSA

The neuropeptides have manifold effects on the human nasal mucosa andits parts.

(1) Substance P (SP)

The SP inducesdistinct vasodilatation and vascular permeability with plasma extrava-
sation, and increases the secretion of the submucosal glands in the human nasal muco-
sa, 163j,168g-168i,168n,170i,172p,173f-173h,173s

SP stimulates glycoconjugate secretion withoutserouscell secretion from the human

nasal mucosa.!72P SP does notaffect the lactoferrin release.!72P SP is capable of causing

a contraction of smooth muscles in the humanairways, however, to a distinctly lesser
degree than NKA.!691

Substance P also stimulates, to a higher degree than NKA,ion transport in the airway

epithelium,it contributes to the release of PGE, from the airwayepithelial cells and
increases the mucociliary clearance in the maxillary sinuses and in the airways, !68h
SP increases the nasal blood flow, with less effect on the nasal airflow, suggesting aneffect

on theresistance vessels, such as arteriovenous anastomoses rather than on the capacitance

vessels.!73) This effect is mimicked by neural stimulation and bycapsaicin, indicating that
tachykinin release may be an important endogenous mechanism. The nasal challenge with

SP in subjects with allergic rhinitis producesa limited reduction in nasal airflow.!73¥

(2) Neurokinin A (NKA)

The NKA induces constriction ofthe smooth muscles and also has vasculareffects,
butto a lesser degree than those caused by substance P.!72p However, NKA participates
in regulation of the vasomotor tone.168g-1681,173f-173h

NKAalso stimulates the lactoferrin release.172P NKA mayalso stimulate the ion

transportin the airway epithelium to a slight degree and it may also participate in the

increase in mucociliary clearance in the maxillary sinuses and in the airways. !68h
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(3) Neuropeptide Y (NPY)

The NPY can induce long-term contraction ofthe arterial smooth muscles this pro-
longed vasoconstrictionis notaffected either by alpha-1 or alpha-2 or beta-adrenergic
blockade, !721,172x,173,173e NPY may play an importantrole in the regulationofthe
tissue blood flow, especially the blood flow into venoussinusoids.172" The increased

blood flow leads to thefilling of venous sinusoids, vascular congestion, swelling of the
turbinates, and obstructed nasal airflow thatis perceived as nasal congestion. NPY has
several actions as a sympathetic neurotransmitter. !72* It hasdirect stimulatory effects

on the post-junctional end organs. These effects are slow in onset, but oflong duration.

NPYacts through twotypes ofreceptors: Y1, which are postjunctional and are linked to
phosphatidyl-inositol hydrolysis, and Y2, which are prejunctional andare coupled to

adenyl cyclase inhibition.1732 NPY potentiates the post-junctionaleffects of norepi-
nephrine.172x It mayalso bind to the presynaptic receptors to inhibit sympathetic
neurotransmitter release and to prevent the depletion of transmitters.!72x NPY also
inhibits the post-ganglionic cholinergic transmission at an unresolved presynapticsite.

169p,172r NPY mayalso antagonize the vasodilatory effects of the neuropeptides released

from the sensory and parasympathetic nerves.!68h,168i,1691,172r
Thearteriolar vasoconstriction appears to be mediated by a combination ofrapid

norepinephrineeffects, acting on the alpha receptors, and the slower NPYeffects.172
NPY maytherefore have potential as a topical mucosal vasoconstrictive agent.1721173e

(4) Vasoactive intestinal peptide (VIP)

The VIP may play an importantrole in the regulation of the serouscell secretion in
the human nasal mucosa.!72t VIP augments the effects of cholinergic stimulation by
causing selective enrichmentofserous cell products in the nasal secretions. 172t The
activation ofVIP receptors on serouscells of submucosal glands represents an addition-

al componentparticipating in the parasympathetic reflexes in the human nasal muco-

sa.1734 VIP also exerts a potent vasodilator activity independently on the cholinergic
and adrenergic receptors in the nasal mucosa. VIP seemsto influence both the blood
flow (arterioles) and the volumein the nasal mucosa(venoussinusoids), !72)173b

Stimulation of the preganglionic cholinergic neuronsin the nervus canalis pterygoideiis
associated with activation of the nicotinic receptors and the release of VIP-like immu-

no-reactivity into the nasal venouseffluent parallel to the atropine-resistant vasodilata-
tion. 168

Increased release ofVIP and other neurotransmitters by the parasympathetic mecha-
nism may contribute to the vascular congestion and hypersecretion in the nose.1734

(5) Calcitonigene-related peptide (CGRP)

The CGRPis a potentvasodilator, which has long-lasting effects, 1688-1681, 172u,173f-
173i In humannasaltissue, CGRPbindingsites are most dense onthe arterial

vessels.172It is possible that CGRP maybe the predominant mediatorofthearterial
vasadilatation in responseto the stimulation ofthe sensory nerves in the nose and
bronchi, and in this way it increases mucosal blood flow by acting on the resistance
vessels. CGRP mayalso be an important mediator of the airway hyperemia.!©%! In
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contrast, CGRP has nodirect effect on the airway microvascularleak. 168i

Nodirect effects of CGRP on the human nasal mucosalsecretion have been demon-

strated.!72u Although CGRP does not appear to be chemotactic for eosinophils,its

proteolytic fragments may contribute to the eosinophiltissue infiltration.1¢8i CGRP also

inhibits the proliferative response ofT lymphocytes to mitogens and antagonizes the

macrophagesecretion andthe ability of macrophages to activate the T lymphocytes. 16%

CGRP immuno-reactive material has been demonstrated in the peripheral branched
axonspresent in the walls ofarterioles, arterial-venous anastomoses, venules, venous

sinusoids, near the submusculargland cells, myoepithelial cells, and in the epitheli-
um.168g,171y,173£175h Tn these locationsthe axonsare thickened into the neurosecretory
varicosities. !73¢173f,173g The stimulation of the sensory nerves (mechanical and thermic

stimuli, histamineetc.) induces depolarization, which results in the release of neuro-

transmitters such as CGRP andothers from these varicosities, !72u»1736173h The combi-

nations of the co-released neurotransmitters act upon local structures and induce

vascular permeability, arteriolar vasodilatation and submucosal gland secretion. !72u,

1731,173g,173h This local effector action ofthe peripheral sensory nerves constitutes the

so-called ”axonreflex response”1724

‘The increased secretion of human nasal submucosal glands is probably induced by
other, co-located, neuropeptides, different from CGRP,e.g. by substance P, 168h.168i,

168t,170m,170n,170r,1731,173g since no evidence has been provided for a role of CGRP in

the nasal glandular secretion.!72¥
CGRPis probablyalso released during the allergic responses, because a nasal challen-

ge withallergen, in atopic subjects, leads to a significantincrease in the CGRP and
somatostatin concentrations in the nasal lavage fluids, whereas the concentration ofthe
substance P does not change.!731

(6) Gastrin-releasing peptide (GRP)

The "gastrin-releasing peptide” (GRP) is a potent stimulant of mucus secretion in
humanas well as in animal airways. GRP stimulates both the serouscell lactoferrin and

the mucous glycoconjugate secretion from the human nasal mucosa.!72v Lactoferrin is

synthesized and secreted by the submucosalserousglandcells. The mucous glycoconju-
gates are complex mixtures of mucous glycoproteins, proteoglycans and other glyco-

conjugates that are derived from theepithelial goblet cells and submucosal serous and
mucousgland cells.1724.172v,173t
GRP may stimulate secretion not only from the submucosal serous and mucous gland

cells, but probably also from theepithelial goblet cells.172v; 173s
CGP added exogenouslyis also capable ofstimulating the gland secretion ”in vitro”.172v

Onthe other hand,the possible effects of GRP on the bloodvessels in the humannasal

mucosa, such as vasomotoractivity or vascular permeability, have not yet been demon-
strated.172¥

Based uponthese facts, GRP appears to be a neurotransmitter which stimulates the
secretion from the mucousandserouscells of the submucosal glands ofthe human
nasal mucosa. !72¥
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(7) Other neuropeptides

There is a dearth of information concerningthe possible presence of other neuro-

peptides in the human nasal mucosa andtheir effects on this tissue.

[D] EFFECTS OF NEUROPEPTIDES ON THE PARTICULAR CELL TYPES

The neuropeptides (NP) have also demonstrated a variety of effects on the variouscell
types, such as mastcells, basophils, eosinophils, neutrophils, lymphocytes, monocytes,
macrophagesandepithelial cells, particularly on their metabolism and functions, some
of which have a stimulatory character, whereas others have an inhibitory andprotective
character, 163u;168h-168},169m,170w,1711,173s

(1) Mastcells. Some of the neuropeptides belong to the mast cell secretagogues, cau-
sing either the semi-selective secretion of histamine and/or other mast cell mediators,

162z,163u,168f,169,169b,174,174a-174d or the mastcell degranulation resulting in the release
of histamine and/or other mediators,162z,163u,168f,168x, 169m,170w,171p,174b

However, there are differences and high variances, not only amongtheparticular
neuropeptides with respect to their effects on the mastcells, 162z,165u,168f,168h-168k,168x,

169b,169w5170j,173}.1735.174a butalso in the ability of the particular mastcell types to de-

granulate in response to an appropriate neuropeptide. !622-163u, 168f,168k,170w,173s,174a

The differentability ofvarious mastcell populationsto degranulate in response to the

particular neuropeptides has been reported in the case of the mast cells from various
animals, 1622,168a, 168f- 168), 169,169b,169k,170,170i,171n,171t,174a, 174d between animal and

human mast cells,162z163u,164y,168f, L68h-1681,168z,169,169a,169b,169k,1691,169x,169y,170£,
170g,1701,1708,170u,170V,172X,173i173k, 173m,173s,174a,174¢,174e and even among the human

mast cells located in different tissues (skin, nasal mucosa, bronchial andalveolartissue).
162z,163u,164y, 168¢, 168F, 168h,168i, 168m-168p,168z, 169b, 169%, 170,170a, 170k, 170m, 172s;173k,173n,
173p-1738,174c-174h

The detailed descriptionsofthe different responses of particular mastcell populations

of variousorigins to individual neuropeptidesare reported elsewhere. 162%,163u, 1646,1686,
169b,170w,173k,174d

The following neuropeptides have been reported to be capable of inducing a degranu-
lation of the human skin mastcell: (a) substance P;1622-168a,168d,168f,1681,168n,168w,169b,
174a-174¢,174h,174£ (b) Neurokinin A;!74¢ (c) Neurokinin B;!74¢ (d) Neurotensin;!6%(¢)

Somatostatin; ! 684,169,170 (f) Gastrin-releasing peptide; !6%b (g) Vasoactive intestinal
peptide.!684 [n the case of the humanlung mastcells, some investigators have reported

the ability of substance P to cause their degranulation, !62417451!74h while others did not
observe such effects.!74e However, the latter investigators have used removed human

lungtissue containing carcinomacells, which cannotbe considered as suitable material

for the experiments with neuropeptides from our pointofview, with regard to various
immunological processes and changes accompanying malignancy. Other investigators

have observed the inhibitory effects of vasoactive intestinal peptide (VIP) on the human

lung cells.1¢8! In the human nasal mucosa, only the substance P has been reported to

induce degranulationofthe tissue mastcells. 169
Generally, there is a dearth of information concerningtheeffects of particular neuro-

peptides onthe tissue mastcells in the humanlung as well as in the nasal mucosa,espe-
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cially with respect to their stimulation and degranulation.

(2) Basophils. Some of the neuropeptides have also been foundto be capable of indu-

cing the degranulation and histamine release from the human basophils, such as sub-
stance P,162z,174#174h and somatostatin-14 and -18.1992

(3) Eosinophils. Substance P (SP) has been reported ofinducing a degranulation of
eosinophils in guinea pigs.!8h.174i In mice, the subcutaneonsinjection of SP has led to
the degranulation ofthe mastcells, followed by the formingof distinct eosinophil and
neutrophil infiltrates.!69w The injection of "calcitonin gene-related peptide (CGRP)

into the human skin has induced eosinophil infiltration. 16%

(4) Neutrophils. Besides the already mentioned formingof eosinophil and neutrophil
infiltrates after the subcutaneousinjection in the mouse, the substance P has also been

found to increase the adherence of humanneutrophils to the vascular endothelium ”in
vitro” 174)

(5) Lymphocytes, In the mouse, CGRP inhibits the proliferative response ofT-lym-

phocytes to mitogens and moreoverthespecific receptors for CGRP have been demon-
strated on these cells.!74* In contrast, the substance P may stimulate the human T-

lymphocytes, 1684;168%169u whereas somatostatin and vasoactive intestinal peptide (VIP)
have been shown to inhibit various functions not only of the murine T lymphocytes,'74!

but also of the human T lymphocytes, especially mitogen-inducedproliferation, release
of cytokines, a.o. interleukin-2 (IL-2) and natural killer function.1686168u,171L174m

(6) Monocytes. Tachykinins, especially substance P, mayalso be capable of stimulating

the human monocytesto release some ofthe cytokines, such as interleukin 6 (IL-6).

L68h,168w,169h VIP has been shownto inhibit the respiratory burst in human monocytes
and probably also other functions,!74Psince the VIP receptors have been demonstrated
on their surface.1684,1691,174n Somatostatin and CGRPare also presumedto affect the
function ofhuman monocytes, probablyby participation in their stimulation, since the
somatostatin receptors have been found on the surface ofthese cells.168x.1711 However,
these effects have not yet been definitely confirmed.168f

(7) Macrophages. Tachykinins, especially substance P activate the guinea-pig alveolar

macrophages upon involvement ofNK2 and NK]receptors. 168h;174r Substance P sti-

mulates various functions of the guinea-pig macrophages, such as generation ofthrom-

boxanes, synthesis and release of lysosomal enzymes,release of leukotrine C, and pro-

staglandine E,, cytokinesetc.174s VIP inhibits phagocytosis and superoxideradical
production byrat alveolar macrophages, a process whichis associated with stimulated

cyclic AMP production.!68u CGRP also inhibits the macrophage secretion and their
capacity to activate the T lymphocytes. !68h, 174t
CGRP has been shown toprevent the the H,O, production by human macrophages

activated by INF-gamma.!74t
In contrast to the animalstudies, there is a dearth of information concerning the

effects of particular neuropeptides on the human macrophages. !3!¢.!65v, 168h,168i,174u

(8) Epithelialcells, goblet cells, epithelium. VIP is a potent stimulant of chloride ion
transport and therefore also water secretion in the tracheal epithelium in the dog,

suggesting that VIP mayalso regulate the mucociliary clearance, 18h: The high density

of VIP-receptors on the epithelial cells of the humanairways suggest that VIP may
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regulate the ion transport andotherepithelial functionsalso in the humanairways and
in the nasal mucosa, !7°8, 172s. Substance P, and to a lesser degree also neurokinin A, are

able to stimulate ion transport in the caninetracheal epithelium, indicating that NK1

receptors may be involvedin this process.174v SP also stimulates the release of PGE, and
possibly "epithelium-derived relaxant factor (Ep DRE) from theairway epithelial cells.
168h The Ep DRE suppresses the bronchoconstrictoreffects of various spasmogens,also
including the tachykinins. 18h Moreover, the tachykininsalso increase the mucociliary

clearance in the maxillary sinus and in the airways.168h Gastrinreleasing peptide

(GPR)/Bombesin is an important factor in the epithelial growth,since its bindingsites

are present onthe epithelial cells and submucosalglands of the human bronchial as well

as the nasal epithelium,!68: 172v, 1722, 173r

[E] NEUROGENIC CONTROL OF THE HUMAN NASAL MUCOSA

The neural control of the human nasal secretion, edema of the nasal mucosa and na-
sal perception can be summarized asfollows. Trigeminal type C nociceptive sensory
nerve fibers contain co-localized substance P (SP), neurokinin A (NKA) andcalcitonin

gene-related peptide (CGRP). 168t; 171v, 1731-173b.
Thestimuli and factors, such as increased temperature, mechanicalirritation, cigaret-

te smoke and some chemical compoundssuchas histamine, bradykinin, capsaicin,
serotonin,formaldehyde, nicotine, hydrogen and potassium ionslead to the neural

depolarization. !73s!73h Sensations ranging from prickling itch to severe burning pain

are registered centrally. No single subsetof fibers or neurotransmitters mayplaya role

in a single sensation. Central appreciation of pain is accompanied by the parasympathe-
tic reflexes within seconds, Also the axon responses may be co-stimulated.198t 173g
Nociceptive, neuropeptide containing fibers denselyinnervate arterial and venous

vessels. They are also present in the submucosal glandacini, in the interstitium, and

extend upto the epithelium.!7!v 172p,172u These nerves play a majorrole in the control

of the nasal secretions. They formthe afferentlimb ofthe central, bilateral, parasympa-

thetic, cholinergic and secretory reflexes,!758-!73h. Substance P fibers may also contact
the parasympathetic postganglionic cell bodies.1738173h. This connection may produce

a direct reflex between the afferent nociceptive fibers and the parasympathetic neurons.
Uponstimulation, the nociceptive C fibers may also locally release their combinations

ofneuropeptides by axonreflex mechanism in the neighbourhood ofthe blood vessels,
glands andother structures to inducethe vasodilation and gland secretion.!75e173h In
the human nasal mucosa, substance P may induce distinct vascular permeability and
gland secretion, NKA mayhavelittle or no effect, and CGRP mayinduce arteriolar
dilation andincreased blood flow.!72p-172u. A yariety of antagonistic or synergistic

effects may occur, since the co-localized neuropeptidesare released together. !68t.169s
The parasympathetic nerve synapsesarelocalized in the pterygopalatine (sphenopala-

tine)ganglion. 171*.17ly These neuronsrelease acetylcholine, VIP and PHM.168h,168i,172t

The VIP containing nerves are present near glands andin the walls ofthe blood vessels,

‘71u,172t, Parasympathetic nerves controlthe glandular secretion.172%!721172t VIP

stimulates secretionof the serouscells to a higher degree, than that of the mucouscells

from the human nasal mucosal explants.172t- VIP has also vasodilatory effects.172t The
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role of VIP in parasympathetic reflexes in the human nasal mucosais limited, as atropi-
ne treatmentinhibits the reflex-mediated secretion ”in vivo”.174w

The sympathetic neuronscontain the vasoconstrictors norepinephrine and neuropep-

tide Y (NPY).!71172x NPY fibers are present in the walls of arterioles, arteriovenous

anastomosesandother vessels. !68y:169p.172r NPYbindingsites are located on the arte-
rioles and arteriovenous anastomoses, whichin fact may support the importantrole of

NPYin the regulation of the vascular tone. !7!v-172r Sympathetic impulses contribute to

the nasal cycle by a periodic increase in the blood volumein the local mucosalcapillary
network, combined with unilateral nasal obstruction accompanied bythe vascular col-

lapse, macromolecule secretion, and nasal patency.172a-172f Removalof the sympathetic

innervation,local anesthetics, and vasoconstriction disrupt the nasal cycle. Release of
NPY from the sympathetic nerve endings nearthe arterial vessels usually leads toa
long-lasting vasoconstriction with collapse of the venoussinusoids.!72" These vascular
effects in combination with passive elastic recoil forces mayresult in the thinning ofthe
nasal mucosa accompaniedby a transudationoftheinterstitial fluid into the nasal
cavity, !71v.173s The mucosal thinning would increase the nasal patency and reduce the

airflow obstruction.

The subsequent parasympathetic input and a decay in the NPY-induced vasoconstric-

tion wouldlead to arterial vasodilation,filling of the venousstructures, plasma extrava-

sation and glandular secretion. Increased vascularfilling would thicken the nasal muco-
sa andin this way lead to a nasal obstruction, !71v The extravasationofthe plasma

water andproteins, glandular secretion, andthe increased vascular permeability would
then replenish the surface macromolecules and lead to increased protein secretion being
observed during the obstructive phase ofthe nasal cycle, The gobletcells of the nasal

epithelium may function continuously, but they may also respond to variousstimuli.

1721,173s Such coordinated cycling of the sympathetic and parasympathetic discharges

could lead to the synchronous, bilateral nasal cycle.!77s

[F] NASAL PROVOCATIONTESTS (NPT) WITH NEUROPEPTIDES AND

RELEVANT/RELATED COMPOUNDS AND AGENTS

(1) Neuropeptides and capsaicin

Theeffects of some neuropeptides and relevant compounds, such as capsaicin, on the
human nasal mucosa havealso been investigated by meansofthe nasal provocation

tests in control subjects and patients with allergic rhinitis.171)1734,175,175a-175¢ However,
the papers concerningthis topic are not numerous.

Miadonna andcolleagues,'75> studyingthe effects of substance P after intranasal cha-

llenge in 5 patients with pollen-related rhinitis and 5 control subjects, did not record

any clinical symptomsor changesof the nasal resistance in any of the subjects tested, up
to 20 minutesafter the challenge. In contrast, all these subjects, the patients as well as

the control subjects, developed a wheal andflare reaction after the intradermal injection
with substance P. The investigators have explained the different responsesof the skin
and ofthe nasal mucosa bypossible heterogeneity of the mastcells located at these

differentsites.
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Petersson and co-workers,!754 have also performed the nasal challenge with substance
P in 14 healthy volunteers. These investigators have also been unable to record any
response of the human nasal mucosa to SP,or even increasednasalsecretion. In con-
trast, Devillier and colleagues,!75¥ investigating the effects of substance P on thenasal
mucosa in 17 rhinitis patients and 14 control subjects, have recorded a significantin-
crease in the nasal airway resistance (NAR) after the intranasal challenge with substance
P in rhinitis patients, but not in the control subjects. The increase in NAR was dose-
dependent and on a molarbasis.Substance P was 375-500-fold more potent than

methacholine hydrochloride. The pretreatment with oxytropium bromidein a dose of
200 meg topically has prevented the nasal response to methacholine bromide but not

that caused by substance P. They have concluded that substance P is absorbed across
the human nasal mucosaand causes local vasodilatation; - substance P is approximately
500-fold more potent than methacholine bromidein increasing the NAR; - substance P
causes greater increase in NARinrhinitis than in control subjects; and finally that - the
increase in NAR caused by substance P is not mediated by the postganglionic parasym-

pathetic mechanisms.
Geppetti and co-workers,!73* performingthe nasal challenge with capsaicin, substan-

ce P (SP) and CGRP in man,have not observed anyeffects of SP or CGRP on the

humannasal mucosa, especially on its secretory function. However, they have recorded
a dose-dependentincrease in the nasal secretion volumeby capsaicin, in doses of 1-100

meg. Capsaicin seemed to be 200-times more potent than methacholine. Additionally,

capsaicin also induced sneezing, intense nasal burning andpain in the subjects studied.
Moreover, they have also reported that ipratropium bromide, indomethacin, dexch-
lorpheniramineandlidocainedid notalter the nasal secretion volume. They have
proposed that capsaicin may inducethe secretion in the human nasal mucosa primarily
through the local release of neuropeptides from the peripheral terminals ofthe primary
sensory neurons, whereasthey have also reported that the local application of the SP
and CGRPdidnotreveal any secretory response.

Stjarne and colleagues!75)- have carried outnasal challenges with capsaicin, nicotine
and methacholine bromidein three groupsof subjects: healthy subjects, patients with

rhinitis due to the non-specific hyperreactivity [NS-H] to a moderate degree (sneezing,
hypersecretion and/or nasal obstruction )andpatients with a very pronounced non-
specific hyperreactivity, all of them being withoutatopyorallergic disease history.
Capsaicin applied unilaterally in doses of 3.3 x 10-6 to 3.3 x 10-3 M, in a volumeof 50 ul

of saline, has induced the dose-dependent increase in the nasal secretion. The control
subjects and patients with mild non-specific hyperreactivity respondedsimilarily, whe-
reas patients with a pronounced NS-H respondedwith a larger nasal secretion volume.

The ipsilateral capsaicin effects could be blocked by simultaneous administration of

both intramuscular atropineplus intranasal ipratropium bromide and intranasal ligno-
caine chloride plus naphazoline chloride.

These results suggest that the secretory effect of capsaicin in the human nasal mucosa
is realized through a parasympathetic reflex arc with anafferent limb (sensory nerve

depolarization) and an efferentlimb (cholinergic discharge).!73s
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Unfortunately, the role and effects of particular neuropeptides, and the neurons,

fibers and nerves expressing them, on andin the physiologic andstill more in the
pathologic processes in the human nasal mucosa have notyet beensatisfactorily clari-
fied, 168h,168i,169m,1711r,171v,173s,175¢

Furthermore,there is a dearth of information concerningthe possible role of the
nervoussystem and particular neuropeptidesin theallergic reactions (ALL) and in the
non-specific hyperreactivity reactions (NS-H), in the human nasal mucosa. 35¢171:,
17 1v,173s,175¢

(2) Relevant/related agents

However, some evidence has been foundofthe possibly predominantrole ofneuro-

peptides in the nonspecific hyperreactivity mechanisms in the human nasal mucosa,
rather than in the nasalallergy.35¢173s,175d-175g,175v ‘This evidence has been gathered
from the nasal challenge studies with histamine,#5¢9781756175f175t methacholines,
35¢,979,1730,173x,175g.175}-175L175p-1758,175u bradykinin,854-169t,175s,175w,175y,1752,176,
176a-176¢ serotonin, 176c¢ and cold air. 175e, 175m,175x

fa) Histamine

Histamine applied onto the nasal mucosa ofthe patients with NS-H in the nose may
induce a dose-dependentnasal response consisting predominantly of nasal secretions,
itching, sneezing, and to a lesser degree nasal obstruction dueto its direct action on the
mucosal vascular bed.174s:175k,175p-175s Theeffects of histamine on the nasal secretion
and its composition have been studied by several investigators.978,97b,1751,175p,175t

Histaminestimulation of the human nasal mucosa has produced anincreasein ipsi-

lateral secretionsofthe total protein, albumin and non-secretory IgA.175P Theratio
albumin-total protein is an indicator of vascular permeability.!73s Unilateral histamine
provocation did not induce albumin secretion from the contralateral nostril.175P

Histaminecanalso produce limited contralateral protein secretions, containing ele-

vated concentrationsofthe glandular sigA.175P Topical pretreatment with an antihista-
mine (H, -receptor antagonist) has completely abrogated theipsilateral nasal secretory

responseto histamine.!75™,175p,175t. Topical pretreatment with atropine (a muscarinic
receptor antagonist) did notaffect significantly either the ipsilateral nasal secretions or
the capacity of histamine to stimulate the contralateral secretions.!738:175p,175t These

results suggest that histamine maystimulate the nasal secretions through two mecha-
nisms; by a direct action that increases the extravasation of the plasma proteins from the

capillaries in the nasal mucosa and by an indirect reflex mechanism that stimulates the
glandularsecretions, 1735:174w, 175k, 175n,175t

Thesedata also indicate that histamine may directly induce ipsilateral vascular perme-
ability and indirectly stimulate the ipsilateral gland secretions and the contralateral
glandsecretions. !73s:!75p The vascular permeability may predominantly be a result of

the direct action ofhistamine on the vascular H, receptors.179" The sensory nerves may

be stimulated by H1 receptor activation and the neuropeptides which may then be
released, partly due to the direct H1-receptor stimulating activity and partly via the

axonresponse mechanism,could contribute to the induction ofvascular permeabi-
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lity.173s,174w, 175g,175k,175n,175p,175r,175t However, the axon responses have not been

detected with respect to the overwhelming vasculareffects ofthe H,-receptor stimula-
tion in the human nasal mucosa.!73s,175n

The H, -receptors probably mediate the stimulation ofthe sensory nerves resulting in
the bilateral parasympathetic reflexes. 1735:1756175h,175n,175t The central, cholinergic
reflexes probably dominate in the mediation ofthe glandular secretions, since histamine

did not directly induce significant gland secretions in the human nasal mucosa "in
vitro”173s,175k

Onthe other hand,the role of H y-Teceptors in the vasculareffects of histamine on the

human nasal mucosais probably not exclusive with respect to the observations of other
investigators, 751 who reported the significant protective effects of the H,-receptor
antagonist on the histamine-induced nasal symptomsand nasalsecretions (increased
protein and albumin concentrations), but with no effects on the blood flow or other

micro-circulatory aspects of the nasal mucosa.!7>i They have concluded that the vascu-
lar effects ofhistamine on the humannasal mucosa are not mediated exclusively by the
H,-receptors. This observation might support the additional direct participation ofthe

sensory nerves, besides the already mentioned stimulation through the H,-receptors, in
the vasculareffects ofhistamine on the nasal mucosa. Furthermore, the role ofsome
neuropeptides in mediating the effects of histamine on the human nasal mucosa may be
supported by the observation of Majchel and colleagues, !7>fwho reported a histamine-
induced nasal response without generation of prostaglandins and/or leukotrienes in the
nasal lavage fluid. These results may indicate that histamine does not necessarily influ-

ence the mucosal mast cells and that histamine may probably act through the stimu-
lation of some neuropeptides, especially those which express direct vascular and glandu-

lar effects in the human nasal mucosa, but do notaffect the mucosal mastcells.

(b) Methacholine

Another compound,frequently used for the demonstration of the ”non-specific

hyperreactivity” ofthe human nasal mucosa,is methacholine.5¢.35¢,9741735,173u,175d,

175g,173}-1751,175n-175u Methacholine induces, through the parasympathetic (= choliner-

gic) stimulation, a dose-dependentincrease in the human nasalsecretion, and sneezing,

however, to a lesser degree than histamine.!73u:173x, 175d The capability of methacho-
line to induce the nasal obstruction in humans seemsto be a controversial issue. Some
investigators did not observe any nasal obstruction in humansdue to the methacholine
challenge,!75.175s whereas others have reported the appearanceofa limited nasal ob-

struction caused by methacholine.!75j.!75" Ourresults are somewhat contradictory. We
have regularly observed a nasal obstruction due to the nasal challenge with methacho-

line bromide and/or chloride, in lower doses thanhistamine,35#-35¢ and evenin patients

with rhinitis complaints without any participation of an allergy component and with

non-altered reactivity to histamine.354-35¢ Ourresults are in agreement with other

investigators’ observations, 173,175s

Methacholine directly stimulates the muscarinic receptors.175k Methacholine has

been shownto increase significantly not only the total protein and albumin, but also the
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lysozyme andlactoferrin concentrations andtheirratio to the total protein, in human

nasalsecretions. These methacholine effects can be inhibited by atropine (=a muscari-
nic receptor-antagonist),978-173d,173s, 175k or by ipratropium bromide.!75*
These studies suggest that stimulation of the muscarinic receptors on the submucosal

nasal glands induces glandular secretion both from the serous and from the mucous
cells of the submucosalglands and possibly also from the epithelial and/or gobletcells.
175s The vascular processes, such as vascular permeability were notsignificantly af-

fected.173s The bindingsites of the muscarinic receptors of type M1 and M3 have been
demonstrated on the submucosal glands and epithelium of the human nasal mucosa.!728

(c) Bradykinin

Another compound whichis frequently used (mainly for research purposes), for the
non-allergic stimulation of the nasal mucosais bradykinin.854,169t,175w,175y,
1757,176,176a,176b Bradykinin applied topically on the human nasal mucosa causes an
increase in the production of nasal secretions containing a higher concentration of
proteins including albumin,!75w and also conjunctival injection, discharge and throat
dryness and itching.!75y-176 Thelatter symptoms may probably be caused by bradykinin

stimulation of the sensory nerves.176 Bradykinin may act uponreceptors on the smooth
muscles of the nasal mucosa capillaries (arterioles, veins, venous sinusoids) to induce
their vasodilatation followed bythe increase in vascular permeability, since the binding
sites for bradykinin have been identified at these sites.854 "Jn vitro”, bradykinin stimula-

ted glandularsecretion from the cultured humannasaltissue.73s This stimulation was
inhibited by the bradykinin antagonists and inhibitors of the arachidonic acid derivati-

ves.173s Stimulation ofthe sensory nerves by bradykinin can leadto the local release of
substance P and other sensory neuropeptidesandit also induces the cholinergic re-
flexes. !75-1766 The above mentioned data suggest that bradykinin mayact upon the
vascular walls to induce thecapillary dilatation and vascular permeability, that bradyki-
nin may stimulate the sensory nerves, a process leading to the parasympathetic reflexes,

andfinally that bradykinin may probably stimulate the production and release of some
arachidonicacid metabolites which then affect the mucosal gland secretion. However,

thereis still a dearth ofknowledge concerningthelatter part of this hypothesis. !73s:175w

(a) Serotonin

Sometimes serotoninis also used for confirmation ofthe "non-specific hyperreactivi-
ty” componentin the human nasal mucosa. Serotonin, stimulating the sensory nerves,
176c induces increased nasal secretion, which is dose-dependent. The sensory nerves
stimulated by serotonin lead, through the axonreflex, to an increased release of sub-
stance P, which concentrationsin the nasal secretions also significantly increase in a

dose-dependent manner.!73sInterestingly, the nasal secretion induced byserotonin can
be inhibited by atropine, which effect may indicate the participation ofcholinergic

reflexes and mechanisms.!73s.

fe) Cold air

Finally, the challenge of the human nasal mucosaby coldair also causes a nasal res-
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ponse. In the developmentofthis nasal response,besides the already reported direct

effects of cold air on the mucosal mast cells and/or basophils, the stimulated mucosal

nervoussystem and neuropeptides may probablyalso participate.!75© 179™.175x The

same suggestion mayalso be applicable for the humannasal response to challenge with

the hyperosmolar environmental factors.175¢

[G] STIMULATION OF SYMPATHETIC AND PARASYMPATHETIC NERVES

Stimulation of sympathetic (adrenergic) nervefibers leads to the release of various
neuropeptides whichthen affect alpha - as well as beta - adrenergic receptorsin the
humannasal mucosa.!73s These receptors participate in the regulation of the blood flow

in the nasal mucosa.!73s

Stimulation of the parasympathetic (cholinergic) nerves leadsto the activation of the
muscarinic receptors located predominantly on the nasal mucosal glands.!7!» 1728 The

muscarinic receptor stimulation by methacholine induces significant glandular secre-
tion both "in vitro” and”in vivo”, confirming the hypothesis that the muscarinic recep-
tors are stimulated directly.!75‘ Histamine induces predominantly vascular permeability
in vivo”, but causes some glandularsecretion as well.175k However,”in vitro”, histami-
ne has noeffect on the glandular secretion, which may suggest that histamine acts pre-
dominantly on the nasal vascular bed and onlyaffects the glandular secretion through
the reflex actions.!75« On the other hand, it has also been demonstrated that glandular

secretion is directly stimulated by alpha-adrenergic and cholinergic agonists, but not by

beta-adrenergic agonists, 175k-
Stimulation of the H, receptors on sensory nerves in the humannasal mucosa produ-

ces a prominentreflex-mediated sneezing, itching and glandular hypersecretion. !7>t

Moreover, some investigators have demonstrated that the reflex-stimulated glandular
hypersecretion also involves a cholinergic stimulation of the submucosal glands.174~

[H] NERVOUS SYSTEM, NEUROPEPTIDES AND THE "NON-SPECIFIC

HYPERREACTIVITY” OF THE HUMAN NASAL MUCOSA

The abovediscussed results and facts are highly suggestive of the importantrole of the
nervoussystem and neuropeptides in mediating the so-called ”non-specific hyperreacti-

vity” of the human nasal mucosa.3-5.35a-35¢
The non-specific agents, ofmechanical, physical or chemical type, stimulate the mu-

cosal sensory nerves, a process whichthenleadsto the developmentofthereflexes, such

as axon reflex and parasympathetic reflexes, resulting in the rapid release ofvarious

neuropeptides.}73s

The neuropeptides may thenaffect: (a) the mucosal mast cells and/or basophils,
inducing the mediatorsecretion directly or through the previous degranulation of these

cells,1622,169m,17 1v,174d,174e and/or (b) the mucosal capillary network inducingthe

vasodilatation and vascular permeability,!71v-173s and/or (c) the mucosalglands, indu-

cing the increased secretion. 171¥)173s,173%,175k
However, no detailed data are available as yet to demonstrate the ratio of participa-

tion ofthe individualreflexes, their sequence or simultaneousness, and the role of par-
ticular neuropeptides in the mechanism(s) underlying the “non-specific hyperreactivi-
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ty” (NS-H). The suggested role of neuropeptides in the NS-H may be supported by
someof ourfindings and results.352-35¢72b

Thenasal response to the challenge with histamine, and/or methacholines,in patients

with rhinitis due to the non-specific hyperreactivity component, developsvery rapid-
ly,358720 Jt appears within seconds and disappears within maximally 30 minutes.454.72b
In contrast, the immediate nasal response to the allergen challenge (INR), due to the

IgE-antigen interaction followed byrelease of various mediators from mastcells and/or
basophils, usually demonstrates much slower development and a longer time-course

(the onset within 10, maximum within 20-45 and resolving within 90 minutes after the

allergen challenge).35672b

‘Thenasal response to the non-specific agents, respectively to histamine or methacho-
line, is usually characterized by rapid pronounced hypersecretion and sneezing, whereas
the nasal obstruction appearsto a slighter degree.35%35535e In contrast, the INR to
allergen challenge is accompanied by edemaofthe nasal mucosa producing the nasal

obstruction, whereas the other nasal symptoms, such as hypersecretion, sneezing, and
itching vary to different degrees and ratios.35>.35<,72b The aspect of the nasal mucosa is

also different. During the NS-H response the nasal mucosais usually hyperaemic and
covered by abundant transparent watery secretions with a low viscosity and a low
density weight containing onlyvery few cells, particularly epithelial cells and sporadical-
ly eosinophils and/or(rarely) neutrophils. In contrast, during the INRto allergen
challenge, the nasal mucosais more violaceous and covered by a moderate amount of
less transparent and toughernasal secretions, containing variouscell types, predomi-
nantly eosinophils, neutrophils and epithelial cells.35), 356 72b-

Alpha-sympathomimetics (e.g. xylomethazoline hydrochloride) are capable of par-
tially inhibiting the human nasal response due to the NS-H, whereastheyare fully
ineffective in the case of the INR.72>
Wehave also observed differences with respect to the various kinds of the non-

specific agents, such as chemical, thermal or mechanical irritation of the nasal mucosa
in patients with different participation ofthe NS-H componentandthe allergy compo-
nentin their nasal complaints.3-5 Moreover,the existence of the nasal response types,

different from the INR, such aslate and delayed nasal responses, would not support a
primary role of the neuropeptides in the hypersensitivity mechanisms in the human
nasal mucosa.35¢

Regarding the abovediscussed facts, mechanisms and hypotheses, the secretion of
some factors as well as the degranulation of the basophils and mastcells followed by
release of their mediators and otherfactors, and the further steps induced by them, may
follow different pathways and modifications.4:34,36.41b,42-44, 48d, 51,51a,51b,82,83,85b,85¢,
94,96e,96f,128a,13 la-131¢,13 Le,136a,136b,156,156i,156m,156t, 162d, 162m, 162z,163u, 164a-164c,164e,
164h, 164r,164u,164w,164y,165b, 165d, 165¢, 165g4166c17 Lv, 1735)174,174a,174g,176d-176y,1775177a-
177z,178y, 178z

7. CONCLUSIONS AND PERSPECTIVES

Should these mechanisms, or at least some of them, be confirmedlater, then the sig-
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nificance of the basophil and/or the mastcell for the late reactions will evidently increa-
ge.4.11¢,25,35¢.41b,42,43,54,72,72a,72c,97£,13 1a, 164n,1641, 164w,165g,166m-166t,177g Such a role

ofbasophils and/or mastcells will be a very important contribution to the understan-

ding notonly of the mechanisms underlyingthelate type reactions but also of the
pharmacologic modulation and controlof these reactions by various drugs, and ofthe
pharmacologic effects of particular drugs especially those of disodium cromoglycate,
corticosteroids and nedocromil sodium, 11:12:14, 35¢,40c-40f,41b,48d,72a,97b,97c,121c,121d,
123,124,124a-124d,125, 125a-125e,176a,176j,176r,176u

These pathways and mechanisms would then probablyalso contribute to the explana-
tion of why increased serum concentrations of IgGsub-classes but no positive specific

IgE antibodies have been found in mostofthe patients suffering from allergic rhinitis
due predominantly to the LNR,or whynospecific IgE but increased IgG and IgG sub-
classes have been foundin the patient’s serum during the positive LNR. 2-41b,86.90

Nevertheless, our findings of increased serum concentration oftotal IgG antibodies

and changesin the particular IgG sub-classes during the large number of LAR®46> and
during certain cases of LNR#!> (while the positive specific Igi antibodies in the serum
were found in only a small number of LARs and LNRs), might suggest the possible
involvement ofIgG antibodies in the LAR andprobably also in LNR. From this point of
viewourresults are in agreement with the findings and conclusionsof Pepys and co-
workers!6l<¢ and other authors as well as with results of our previousstudies. !2.16,61,68a,
68e,68£,72b,1214,176k

The suggested role of the IgG antibodies, which mightactivate the basophils and/or
probably mastcells either directly, e.g. IgG interacting with an antigen and forming the
IgG-antigen complexes binding then to the medium-affinity FcyR surface receptors,
128b,131¢,132a,156,156¢,161h, 1611,162m,164, 1642-1646, 165a,165b, 165d ,165f gr indirectly through

the alternative mechanisms discussed above, would also be helpful in explaining the
findings ofincreased IgG antibodies in the serum of some patients with bronchial
asthma and developing an immediate asthmatic response to allergen challenge, descri-
bed by someinvestigators!30a.131,161t as well as by us,253.63-65.68,681,69 and subjects
withallergic rhinitis, developing an immediate nasal response.?:4,!2-!4.41> Such mecha-
nisms wouldalso explain the results of our previous studies, in which in only 30%of
the patients developing an immediate asthmatic response®8<.68659, 176k and in only 24%
of subjects demonstrating an immediate nasal responseto allergen challenge,*,94!» po-
sitive specific IgE antibodies to the sameallergen(positive RAST) havealso been found.

B. "LNR” AND "IMMEDIATE HYPERSENSITIVITY”[TH]

1. DEFINITION OF “LNR” AND “IH”

Theclassically understood immediate hypersensitivity (Type| allergy) is mediated by

IgE antibodies and the mastcells and/or basophils are considered to play the main role
in these mechanisms.1.2-6:36.85,136b,145,162m

Moreover, various investigators have assumed the involvementof the “immediate

hypersensitivity”, including the IgE antibodies, mastcells and/or basophils, also in the
*late type reactions”, such aslate skin response (LSR),177:177@-177¢1771,178 late asthmatic
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response (LAR)42-44,51,51a,514,96e,96f,162d,176n,176p,177d-1776,177},177t,177t,178a and late

nasal response (LNR)33:44,975,974, 176s, 177g,177h This assumption has been based predo-
minantly on the earlier results of Solley and co-workers,!77-177: Dolovich and collea-
gues!77j and de Shazo and co-workers,!77k-178¢ who have studied the late skin response
and suggested the pivotal role of the IgE antibodies and the mastcells in both the
immediate andthe late skin response. In contrast, no similar changes have been obser-

ved either in the bronchial mucosal membrane during the LAR!62.163k,163yor in the

nasal mucosa during the LNR.41i,96.97,97£97197n,974 Furthermore, other investigators,
studying the skin biopsy duringthe allergen-inducedlate phase cutaneousreactions,

have described changes differing distinctly from those reported by the abovereferred
authors, 77a
There is, however, no unequivocal evidence that the late reactions on the skin can be

fully comparable with those in the bronchial tree or in the nasal mucosa.5!#99:66,72b
Moreover,there is some evidence against such a comparison, !!¢14b,416411,45,46,5 1a,61-
68,68a-684,71,72,72a-72¢,96g,161i,162b

Furthermore,despite a certain relationship and correlation between the skin tests and
the skin response on the one handandeitherthe bronchial allergy and the bronchial

response or the nasalallergy and the nasal response on the other hand, the results gene-
rated on the skin cannotbe applied to the bronchial tree or to the nasal mucosa without

limitations.3:4,12,41b,46,51,61,65,66,68,68a,68¢,69 The limitations are determined not only by
the distinct anatomic, pathophysiologic and immunologicdifferences amongthese
organs, but also by the differences in their response patterns.51465,66,69, 13 1a,162f,177g,178b

In ourprevious studiesthe possible correlation between the late skin response (LSR)

and either late nasal response (LNR)2)7>12:16,41a-41d,41i,72,72a-72c or late asthmatic re-

sponse (LAR)61;64-68,68a-68g,1216¢,121f ag well as between the immediate skin response

(ISR) and either immediate nasal response (INR)?:3,9:11,11d,11e,41i,7 1,72a,72b or imme-

diate asthmatic response (IAR)¢3,6%,70,176« has been analyzed. The positive ISR has been
found in 70% ofINR cases, whereas the positive LSR in 65% of LNR. Thepositive ISR
has beenrecorded in 68%of[AR cases, while the positive LSR in only 60%ofLAR
cases. However, noneofthese correlationshas achievedstatistical significance. The

histologic findings in the nasal mucosabiopsies, having been performedby us during
the basic types of the nasal responseto allergen challenge,?%97,974 amongothers during
the LNR®.97, represented principally different processes. Skin biopsies taken from the
site of the isolated immediateorisolated late skin reaction to inhalantallergens, in other

subjects, had demonstrated changes which were not comparable with anyofthe fin-
dings in the nasal mucosa (unpublished data). With respect to ourdata, the comparabi-

lity and compatibility ofthe late skin reactions with the late asthmatic orlate nasalre-

sponses should beseriously doubted, if not excluded. Furthermore, our results would
not support the predictability value of the LSR for the LAR or LNR.

The evidence against the presumed mainrole ofthe classical immediate hypersensi-
tivity mechanism in the late type reactions, including LAR and LNR,is, nevertheless,
growing,11¢-11h,11),12,16,25a,40e-40f,41a,41¢,41f,41i,45,51a-51¢,61-68, 684-68g,70,71,72,728,
72b,92,95a,96,96g,96h,97,97a,121,124a-124d,131,131a,131£133,136d,148,161c,162b,162t,163k,163s,

168h,168i,177g,178b-178h
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Atkins*5 has concluded that responsibility of IgE-mastcell interaction for the late-
phase bronchial responses seems unlikely. Walsh et al!48 have demonstrated that neu-

trophils and eosinophils were able to bind only the IgG antibodies but not the IgE
antibodies. Moreover, this observation partly contradicts the proposed action of the IgE
antibodies on neutrophils or eosinophils.163b Other investigators did not record any

correlation between the antigen-specific IgE and the late asthmatic response.©1-66,68,96g,
162b

Lemanske and Kaliner>!@ as well as Sheth and Lemanske5!4 have concluded that

“taken together, these observations suggest that immediate and dual responsesare

initiated immunologically by the various components involved in immediate hyper-

sensitivity reactions (1gE, mast cells/basophils, mediators); the mechanisms underlying
the isolated late response to antigen challenge are unknown but mayinvolve a variety of

immunologic pathways including immediate hypersensitivity, Arthus or delayed hyper-
sensitivity reactions.”

2. IgE ANTIBODIES
[A] "IgE" AND "IH"

The antigen-specific IgE antibodies play, without any doubt, a key role in the imme-

diate hypersensitivity (‘Type | allergy) mechanism(s) and in clinical disorders due to this
hypersensitivity type, as it has already been repeatedly confirmed. 129:136b.145,161s,162m

The IgE antibodies also play a main role in the mechanisms underlying the so-called
*immediate type oforgan responses” to challenge with inhalantallergens, such as
“immediate asthmatic response (IAR)36296k,96p,129,145,1616,1626177r >immediate nasal

response” (IINR)35¢:36,55,78,79,83,85,975,97t "immediate skin response” (ISR) ,36-50,129

having been described byvariousinvestigators and also analyzed extensively in our pre-
vious papers.2-4.8-11,11¢,14,68a,68¢, 68f,69, 71,72b,72d,121h,176k The antigen-specific IgE

antibodies also play a central role in the immediate type responses in the bronchialtree,
105-111,111a jy the nose,2637,38,40,40a,41,41e and onthe skin!!7.117f due to the food

ingestion challenge, as we have previously reported.

[B] “IgE” and “LH”

Onthe other hand, the antigen-specific IgE antibodies have also been suggested to
play a mainrole in the mechanism(s) underlying the so-called "late type responses”,
such as "late asthmatic response” (LAR)42:51:96¢,96),162d,177d,177}, 177t late nasal res-

ponse” (LNR)5?:33,42:51,55 and “late skin response” (LSR)42:51.177.177a,177i due to the
allergen challenge.

Someinvestigators have presumed the participation of IgE antibodies in the LAR,42
43,51,96e,96),96p,162d,1774,177) LNR,32,33,42,51,55 and L§R42,51,51a, 176a,177a,177i through

the classically understood immediate hypersensitivity pathways, whereas others have

proposed that various combinations and/or modifications of the immediate hyper-

sensitivity mechansism(s) may be involved in the “late type responses”.42,43,48,49,51,5la,
§3,54,91,91y,96£,127,128,138,139,146¢,149,152,153,162a-162d,162f,162x,165¢,174,177d,177u

Cochrane and colleagues,127,128 Henson, !46¢,152 and Froese165¢ have proposed that IgE

antibodies in animals mayact as the essential trigger for the increased vascular perme-
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ability, which then promotes the vascularlocalization of the immune complexes. A

similar role has also been suggested for human IgE.126.127.128 This proposed pathway

may, however,signify the existence of the immune complexes being affected by IgE,
either directly or by meansoftheir triggering effects for increased vascular permeability

through the neutrophils andplatelets, as well as by some mediators (PAF, NAF, NCA)
released from the basophils after the IgE-antigen interaction has occured on their mem-

branes.179!

In addition,the results of some investigators would not support the previously sugge-
sted unequivocal role of the IgE antibodies in the mechanism(s) underlying the “late

type responses”.45.96g,96h,162b,178b,178c,1781,178) Atkins#> has concluded that responsibi-

lity of IgE-mastcell interaction for the late phase bronchial responses seemsunlikely.

Zweiman and co-workers?6g-162b have not recorded an increasedtitre of the antigen-

specific IgE antibodiesin the serum of patients during the LAR. Lam andcolleagues?&
did not find a correlation between the specific Ig and LAR. Zetterstrém,!78> regarding
his data gathered from the late cutaneous responses, has concludedthat activation of

mast cells and/or basophils by IgE-independent mechanisms, upon involvementof
inflammatory mechanisms, suchas releasing factors, neuropeptides, kallikrein system,

PAF and prostaglandins may probably play a more importantrole in the development
of the “late type responses” than the IgE antibodies. Lemanske and Kaliner,>!@ compa-

ring various research data, have concluded that the mechanisms underlying the isolated

late pulmonary responseto antigen challenge are unknown but may involve a variety of

immunologic pathways including immediate hypersensitivity, Arthus or delayed hyper-

sensitivity reactions.

[C] RESULTS OF OUR STUDIES

Finally, the results of our studies would also support the evidence against the main
role of the antigen-specific IgE antibodies in the mechanisms underlying the “late type

responses”. The antigen-specific IgE antibodies in the serum (positive RAST or CAP) to
the same allergen as that causingtheclinical late nasal response (LNR) have been found

by us in only 9%, whereasthetotal IgG antibodies in the serum hadincreased in 51% of

the subjects developing the LNR.12)14,25a,41b,41i,72b No significant changesin the serum
concentration of the antigen-specific IgE were recorded during the LNR.In addition,
the antigen-specific IgE antibodies in the nasal secretions (NS) during the clinical LNR
have been recorded byus in only a small numberofpatients (12.5%) and without any
changes in their concentration, while the total IgG antibodies have been recorded in NS

in 45.8%ofthese patients and in 33 % of them theinitially increased total IgG antibo-

dies decreased during the LAR and then recovered within 12 to 24 hours after the LNR
resolution,41b.416,41641i,72b

The positive antigen-specific IgE antibodies to foods have been demonstrated in only
1.5 %ofpatients developing a positive LNRto food ingestion challange.?6.40.40a,41

In patients developing a ”late asthmatic response” (LAR) to allergen challenge, the

positive antigen-specific IgE antibodies to the sameallergen as that causing the clinical

LAR,have been recordedby us only in 2.8%, whereas the concentration oftotal IgG

antibodies had increased in 71%, and of IgM in 54% ofthese subjects. In addition, va-
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rious changesin the concentrationsofthe particular IgG-subclasses have been recorded,

IgG1 had increased in 11%, IgG3 in 23%and IgG4 in 71% while IgG2 had decreased in
86% of these subjects,91-68,68a,68b,68f1216, 121h

[D] ISOLATED FORMS OF LATE TYPE RESPONSES

Moreover, some investigators have even postulated thatthe “late reactions” do not
exist as a single event, but may always be preceded by an "immediate reaction”, together
then forming the so-called "dual reactions”, consisting of an early and a late-phase.4?
173w,176m-176p,177j This is the reason whythese investigators have introduced the terms

early-phase” and late-phase”ofthe allergic reactions, implicating that both phases
belong to andare parts of one process. Furthermore, they have also presumed that both
the early and the late phase are mediated by antigen-specific IgE antibodies.

Ourresults 7-16.19,40,41,61-68,97,109,121f,121h,178e in agreementwith other investiga-

tors'findings,96h.161¢,178k-178n would not confirm this hypothesis, on the contrary, they
would excludeit. We have repeatedly recorded and reportedthe isolated forms not only
of the late nasal response,7»!2,14b-14g,15,16,19,40d-40f,41b,41i,72a,97 Jate asthmatic response,

61-66,68,68a-68g,12 Le,121h,178e andlate skin response, !2:14,41b,41i,65,66,72a,97,121g,178e but

also of the immediate nasal,8-11: 18,71, 72a, 72d, 97a asthmatic,©8b-68£.69,70,176k andskin
responses,9)! 1,69,72d, 97a and evenisolated formsofthe delayed nasal,7+13+13a-13<,411,96

asthmatic,79b-79¢ and skin responses,7:13;!3a,13b,70b-70d que to the challenge with

various inhalant allergens. The isolated forms ofthe nasal,?6-40,40a,41,41e,117b,117h
asthmatic!95-111,117b and skin responses2®4! haye also been observed by us after the
ingestion challenge with various foods.

[E] PHARMACOLOGIC MODULATION OF THE SO-CALLED "DUAL LATE ASTHMA-

TIC RESPONSES”

Additionally, our data concerning the differences in the pharmacologic modulation of

the early (IAR)as well as the late (LAR) phase ofthe so-called "dual asthmatic respon-

ses”, by Disodium cromoglycate (Cromolyn, DSCG), Beclomethasone dipropionate

(BDA), Budesonide (BUD, BSA)* and Nedocromil sodium (NS, NDS)**, administered

at varioustime intervals with respect to the allergen challenge, would suggest involve-
mentofdifferent mechanisms in the IAR and the LAR.

In ourprevious studies, the LAR has been prevented highly significantly both by
DSCG (p<0.001) and by BDA (p<0.001), whereas the IAR has been protected signifi-

cantly only by DSCG (p<0.01), but it has not been affected by BDA (p>0.05).63:64,67,68,
68a,68f,70,121f

In patients developing the so-called *duallate asthmatic response”to allergen challen-

ge, being a combination of the immediate (IAR) and the late (LAR) response, various

studies concerning the pharmacological modulation and manipulation withtopical

inhalation corticosteroids (BDA, BSA), disodium cromoglycate (DSCG), nedocromil

sodium (NDS)and salbutamol (SBT) have been performed by us,63.64.67,68,68a-684,68f,

68g,70,121e-121h,121k,178e-178g (Some of these data have not yet been published).

* Nedocromil Sodiumhas been abbreviated as NDS inour earlier studies, whereasit
has been designated as NS in someofourlaterstudies.

240 ** Budesonide has been abbreviated as BSA in ourearlier studies, whereas it has been
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In patients pretreated with DSCG and BDA,in whomthe drug administration had
been started 48 hours before and continued up to 48 hoursafter the allergen challenge,
the IAR had been preventedsignificantly by DSCG (p < 0.001), but it had not been

affected by BDA (p > 0.05), whereas the LAR had been protected significantly both by
DSCG(p < 0.01) and by BDA (p<0.001).63,64,67,68,68a,68670,121f

Another group of patients with the ”dual late asthmatic response” had also been
pretreated with DSCG and BDA/BSAfor 48 hours before the allergen challenge. DSCG
administration which had beenfinished 10 minutesbeforethe allergen challenge, had

prevented significantly only the IAR (p<0.05), but not the LAR (p>0.05). However,if

the administration of DSCG has been continued up to 12 hoursafter the allergen

challenge, it has prevented significantly both the [AR (p<0.01) and the LAR (p<0.05).
In contast, BDA/BSA demonstratedsignificant protective effects on the LAR (p<0.01)
without anydifferences between the two treatment schedules (one ofthem had been
finished beforethe allergen challenge, while the other had been continued up to 12
hoursafter the challenge), but they did notaffect the LAR atall (p>0.05).64:1218,178e-178g

Wehave also compared the effects of a single dose of DSCG or budesonide (BSA) on

the LAR, administered either before or after the allergen challenge (before the onset of

LAR), in patients with the "dual late asthmatic response”. DSCG administered 30

minutes before the allergen challenge, prevented the IAR significantly (p<0.05), but did
notaffect the LAR (p>0.05). DSCGgiven 1, 2, 3, or 4 hoursafter the allergen challenge
did not prevent the LAR (p>0.05). BSA administered 30 minutesbefore the allergen
challenge prevented the LAR significantly (p<0.05), but did not affect the IAR (p>0.05).
Budesonide administered 1, 2 or 3 hours afterthe allergen challenge prevented the LAR
significantly (p<0.05).68b,68¢,68f,68g,121g,121h

In another group ofpatients we have investigated the possible protective effects of

DSCG, BSA and NDSonthe "dual late asthmatic response”, administered in a single
dose either 30 minutesbefore or 2 hours after the allergen challenge. Administered
before the allergen challenge, NDS preventedsignificantly the IAR (p<0.05) and LAR
(p<0.01), DSCG prevented only the IAR (p<0.001) but not the LAR (p>0.1), while BSA

did not affect the [AR (p>0.05) but has prevented highly significantly the LAR (p<0.001).

Administered 2 hrs after the allergen challenge, NDS (p<0.01) as well as BSA (p<0.001)

prevented the LARhighlysignificantly, while DSCG did notaffect the LAR (p> 0.05).
121g,121h

In another ofour studies we have analyzed the possible protective effects of a single
dose ofBSA administered either 30 minutes before or 1, 2 or 4 hours after the allergen
challenge in patients with the dual late athmatic response”. The LAR had not been
affected by the BSA when given 30 minutesbeforethe allergen challenge (p>0.05), while

the LAR had been preventedsignificantly by BSA administered either 30 minutes before
(p<0.01) or 1 hour (p<0.01), or 2 hours (p<0.05), or 4 hours (p<0.05) after the allergen

challenge.©8¢.68g

Wehavealso investigated the effects of a single dose ofNDS on the LAR, administe-
red more than two hoursafter the allergen challenge, which means 90 to 30 minutes

before the onset of LAR. Compared with the placebo, NDS having been administered in

a single dose, spread out over three time-intervals, 90, 60 and 30 minutes before the
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onsetof LAR,hasinhibited significantly the LAR (p<0.01 to p<0.05) at each time point

measured from6 to 10 hours after the allergen challenge.©84,178e

Otherpatients developing the “dual late asthmatic response” have been treated with a
single dose of DSCG, NDS, and BSA/BUD,administeredeither 30 minutes before or 2
or 3 hours after the allergen challenge. Given beforethe allergen challenge, DSCG

significantly prevented the IAR (p<0.001), but not the LAR (p>0.05), NDS protected

significantly both the IAR (p<0.01) and the LAR (p<0.05), and BSA/BUDdid notaffect
the LAR (p>0.05) but it prevented highly significantly the LAR (p<0.001). Given 2 hours

after the allergen challenge, DSCG did notaffect the LAR (p>0.05), whereas both NDS

and BSA/BUDhaveprevented significantly the LAR (p<0.05 respectively p<0.001).
Given 3 hoursafter the allergen challenge, DSCG did not showanyeffects on the LAR
(p>0.05), whereas both the NDS and the BSA/BUDprevented the LAR significantly
(p<0.02 respectively p<0.01).121K178f

In oneofourpreliminary studies, the patients demonstrating the “dual late asthmatic
response” had been pretreated with a single dose of DSCG, NDS, BSA/BUDandsalbu-

tamol (SBT), administered either 30 minutes before or 2 hours after the allergen chal-

lenge. After the pre-challenge administration, NDS preventedsignificantly both the [AR
(p<0.01) and the LAR (p<0.01), DSCG hasprevented only the TAR (p<0.001), but not
the LAR (p>0.05), BSA/BUD did not affect the IAR (p>0.05), but demonstrated signifi-

cantprotective effects on the LAR (p<0.001), whereas SBTdid notaffect either the IAR

(p>0.05) or the LAR (p>0.1). After the post-challenge administration, NDS as well as
BSA/BUD prevented the LARhighly significantly (p<0.001), while DSCG as well as SBT

did notaffect the LAR (p>0.05 respectively p 2 0.1).!21&:178h
Wealso have investigated the possible influence of the duration of the drug admini-

stration on the protective effects of DSCG andtopical corticosteroids (BDA and
BSA/BUD)on the IAR andthe LARin patients developing the “dual late asthmatic

response” to allergen challenge. Neither DSCG nor BDA nor BSA/BUD demonstrated
anysignificant differences in their effects either on the IARor on the LARafter a short-

term administration, for 48 hours, and after a long-term administration,for respectively
2 to 6 weeks. DSCG preventedsignificantly both the IAR after 48-hour (p<0.01), 2-
week (p < 0.01) and 6-week (p<0.001) administration, and the LAR after 48-hour

(p < 0.05), 2-week (p < 0.01) and 6-week (p<0.01) treatment. BDA as well as BSA/BUD

did not demonstrate anysignificant protective effects on the LAR after the 48-hour
(p > 0.1), 2-week (p > 0.05) or 6-week (p > 0.05) administration, whereas both of them

prevented highly significantly the LARafter the 48-hour (p <0.01), 2-week
(p < 0.001) and 6-week (p < 0.001) administration.o8%178g

[F] PHARMACOLOGIC MODULATION OF THE SO-CALLED “DUAL LATE NASAL

RESPONSE"

In our previous studies we have also investigated the protective effects ofvarious
drugs, among others of DSCG andtopical corticosteroids (BDA) onthe basic types of
nasal responseto allergen challenge, INR, LNR and DYNR.?:10-11, 1e-1e, 12,13, 14,40¢,-

40d,40f,41b,41i,72b,72d,121b,121j Similarly to the asthmatic response, INR has been preven-
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ted highly significantly by DSCG (p<0.01),but it has not been affected by BDA (p>0.1).
The LNR has been prevented significantly both by DSCG(p<0.05) and by BDA
(p<0.05), The DYNR has been protected significantly by BDA (p<0.01), whereas DSCG
did not influenceit at all (p>0.1),2: 10.11,11¢-11e, 12,13,13b,14,40¢,40d,40f41i,72a,724

Wehavealso studied the pharmacologic modulation ofthe dual late nasal response”
by a single dose of DSCG and BDA/BUD-BSA administered either 30 minutes before or
2 or 3 hoursafter the allergen challenge, which means | or 2 hoursbefore the onset of
the LNR. DSCGin single dose administered 30 minutes before the allergen challenge
prevented highly significantly the INR (p<0.001), whereasit was not able to affect the
LNR(p>0.05). In contrast to the late asthmatic response, DSCG having been administe-

red at 2 or 3 hoursafter the allergen challenge (meaning 1 or 2 hours before the onset of
the LNR)preventedsignificantly the LNR (p<0.05 respectively p<0.02), BDA adminis-
tered 30 minutes beforethe allergen challenge, did not affect the INR (p>0.05), while it
has prevented significantly the LNR (p<0.05). The BDA administered 2 or 3 hoursafter

the allergen challenge, similarly to the LAR, prevented significantly the LNR (p<0.01
respectively p<0.001),49b.404,40672a,72b

In anotherofourpreliminary studies, BDA/BUD-BSA administered for 48 hours, 3

and 12 weeks prior to the allergen challenge, did not show any differences or changes in

their protective effects either on the INR or on the LNR. Both the topical corticosteroids

demonstratedsignificant protective effects on the LNR (p<0.01 respectively p<0.01),
whereas they did not affect the INR,even after the long-term administration, 3 and 12

weeks (p>0.1 respectively p>0.05).404.72a,72b Recently, we have investigated the protec-
tive effects of BUD-BSA on the LNR and "duallate nasal response” due to the nasal
challenge with pigeon or tropical bird faeces extract in subjects with perennial nasal

complaints, being exposed regularly to these birds. Even after a 3-week administration

in a daily dose of400 mcg, BUD-BSAhas notbeen able to prevent the INR (p>0.05),
whereasit has prevented highly significantly the LNR (p = 0.001).121b

[G] INTERPRETATION OF OUR EXPERIMENTAL DATA

These results and differences in the pharmacologic modulation of the immediate/early

(IAR)as well as the late (LAR) asthmatic responses, and of the immediate/early (INR)

as well as late (LNR) nasal responses would also increase the doubt aboutthe existence

of the dual asthmatic response” and the dual nasal response”as a compact event
consisting of two phases. These results would suggest that the so-called "dual asthmatic

response”as well as "dual nasal response” may,in reality, be the simultaneous appe-
arance of two independent responses, both of them caused by oneallergen, however
due to the different mechanisms.683:!78e

3. MAST CELLS [MC] AND BASOPHILS[BS]

Another fundamentalpart of the immediate hypersensitivity [IH] (Type I allergy)

mechanismis the mastcell and/or basophil.®.35.35¢,36.42-44,48c-48¢,51,55, 63, 68¢,70,77,78,
85,94,97y,128a,129,131¢,136a,136b,145,147,162,162f-162n, 164,164a-164d,165g,166x,176w,176x,177r
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[A] THE SUGGESTED/PRESUMED ROLE OF “MC” AND “BS” IN “IH”

The key role and central function of the mast cells and/or basophils in the immediate
hypersensitivity mechanism(s) underlying the immediate organ responses”to allergen

challenge, such as ”immediate asthmatic response” (IAR),4:11511a-11642-44,51a,63,69,70,
124, 161c¢,162¢,162h immediate nasal response” (LNR),! la~1 1e,34,35,42-44,47,48,5 1a,54,56

*immediate skin response” (ISR),42-4451a.177i etc,, has already been repeatedly and

unequivocally confirmed.
However,all circumstances, factors and conditions determiningtheactivation and/or

participation of either mast cells or basophils, even in the mechanismsleading to the

development ofthe "immediate type responses” in different organse.g, LAR, INR, ISR
etc, have not yet been fully clarified.4.51a.!56b,177g Despite recent data generated from
the cytokine research, !31f146d,156m,163y, 164d, 164, 165r,165w,166g, 1662,177a cytologic
investigations ofthe nasal secretions,114-11614,34,40c-40f, 41b,48,48d,49,54,71,72,72a-724,

77,828,177 biochemical and immunologic studies on andin the nasal mucosa and nasal
secretions 11)-48,49,53,54,73,82d,82e, 83,85d,86-95,95b,97,97b-974,97i,1664,17 1r,171v,175k,
1751,175p,175s.17Sx, 176a, 177g and nasal mucosa biopsiest!>.51b,85b,85¢,96,97,972,97£,97n-97u,
97,17 1r ag well as bronchoalveolar lavages,96n,96p,162a,162g-162),163g,163), 163s,164t,167z

bronchial mucosabiopsies, }62k162n, 163k,163y,164t and skin biopsies,!®3i-177a which have
contributed distinctly to our knowledgeofthe role ofboth these cell types, thereis still a
great need for more information on this topic.

[B] THE SUGGESTED/PRESUMED ROLE OF "MC” AND ”BS” IN “LH”

Onthe other hand, the possible role and participation of the mast cells and/or basop-

hils in the mechanisms underlying the “late type responses” developed by various
organs following the allergen challenge, such as LAR, LNR,LSRetc, as suggested by
some authors,still remains not fully clear.5!«
Regarding their results, some investigators*214.51,51a,55,96e,96f,96i, 162a, 162d,177,177d,

177i,177},1774,178p have presumed the direct involvement ofthe mastcells in the “late

type organ responses” through theclassically understood immediate hypersensitivity

mechanism(s). Moreover, they have concluded that both the >immediate” (IR) and the

*Jate type responses” (LR) are IgE-mediated andin both responsetypes the mastcells
mayplay the pivotal role. Other investigators have assigned a similar role to the baso-

phils and have concluded that both the IR and the LR are IgE-mediated and in both
responsetypes the basophils play the central role, !56m.163f, 1641, 164n,166h,177b,178,178a,
178p-178u

However, both investigator groups havefailed to present convincing data concerning

the different involvementofboth the cell types in the particular response types, IR or

LR. Anyway, the important questionstill remains unanswered; why the mastcells and

not the basophils, or vice versa, may be involved once in the isolated form ofthe IR,

anothertimein the isolated form of LR,and finally in both the response types together.
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[C] THE SUGGESTED DIFFERENTIATED ROLE OF THE “MC” AND “BS”

IN THE “INR” AND "LNR”

Finally, other investigators,34.52-54.82.97y studying the mediators in the nasal lavage
fluid during the INR and the LNR, have found an increased concentrationof histamine,

TAME-esterases, kinins, but not ofPGD, in the nasal secretion during the LNR. With
respect to these findings, they have concluded that the mast cells may play the main role

in the INR, whereas basophilsin the LNR,since PGD,is only produced by mastcells

and not by basophils. A similar participation of mastcells in the [AR and not in LAR
(where basophils would probably play the prominentrole) has been proposed by other
investigators studying the [AR and LARafter a segmental bronchial challenge with

antigen. !63s

Interestingly, several other authors have proposed various modified andalternative
functions of the mastcells and/or basophils, by meansofwhich thesecells will be able to
participate in the mechanismsleading to the developmentof the “late type respon-
5e8”,3444,45,51,5 1a,54,56,82,83,94,136a,162b-162d, 1626176], 176¥,17765177i,177t)177¥5178¥

[D] DIFFERENTIATED ROLE OF "MC" AND “BS” IN VARIOUS TYPES OF HYPER-

SENSITIVITY WITH RESPECT TO THE PARTICULAR PHASES OF THEIR ACTIVA-

TION, DEGRANULATION AND MEDIATOR RELEASE.

Wasserman,!76! Lewis and co-workers, !76v Terral et al178v and Charlesworth and

colleagues!78 have suggested the so-called ”bi-phasic degranulation” of mastcells and
basophils. The bi-phasic responseof airways to inhaled allergen may then be compara-

ble with the proposed bi-phasic cutaneous response to the IgE-dependentactivation of

mastcells.177! This could be the process by whichthe released mediators might provoke

a bi-phasic inflammatory response. Casale and Kaliner!77* have described three groups
of mast cell-derived mediators: (1) preformed or primary mediators(e.g. histamine);
(2) secondaryor newly generated mediators(¢.g. prostaglandins); (3) granule matrix

mediators (e.g. peroxidases, heparin). They have presumedthatthe preformed and

partly newly generated mediators are released rapidly and cause ”the immediateallergic

reactions”, whereas the granule matrix mediators and someofthe newly generated
mediators might lead to the polymorphonuclearleukocyte infiltration, followed by

mononuclear/macrophageinfiltration and resulting in the “late allergic reactions”.
Kay,162f Nagy and colleagues!62¢ and Durham and co-workers!6?¢ have formulated the
existence of three phasesofairway obstruction in bronchial asthma: - rapid (spasmoge-
nic), - late (sustained), and - subacute inflammatory phase.All of these phases may be
caused by the mastcell-derived mediators”. The rapid” phase (within 10-15 minutes)
may be mediated predominantly by histamine; the “late” phase (4 to 8 hours) may be

associated with whatthey called “re-activation of the mastcells” and with an increase in
the circulating serum neutrophil chemotactic factor, and in which phase also leukotrie-
nes, prostaglandins and thromboboxanes may presumably play a role; andfinally, the

subacute inflammatory phase, whichis characterized byinfiltration of eosinophils,

neutrophils and mononuclearcells, and which is probably mediated by chemotactic
factors from mast cells (NCF, LTB4, ECF-A, etc). Schleimer and co-workers44,176s have

suggested the release oftwo groups of mediators during the pulmonary IgE-dependent
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hypersensitivity mechanism, the primary mediators from mastcells, leading to imme-

diate response and the secondary mediators from lungtissue, due probably to the
basophils emigrating from the bloodinto the lungtissue site and causing the “late
response”, Therelease of the two mediator groups seems to them to correspond with

the two phasesof the IgE-dependenthypersensitivity, namely the early and the late
phase. They have postulated that after activation of mastcells and othercells that may
be triggered during the early phase response, a late phase response occurs that involves
migration ofcells such as eosinophils, basophils, neutrophils and some mononuclear

cells into the tissuesite”. The suggested participation of the mastcells in the immediate
asthmatic response andthat of basophils in the late asthmatic responseis similar to the
role of mast cells in the immediate and the basophils in the late nasal responses propo-
sed by Naclerio and his group345+56 and beingalso shared with other

investigators.!63f,163s,164n,177g, 178,178t,178u Such different roles of thesecells in different
typesofallergic responseis also supported byotherinvestigators’ findings that baso-
phils, but not mastcells, are sensitive to steroids ”in vitro”,1211,177v, 178w,179h,179i and

in vivo”.177w whereasthe late type responses, but nottheearly type responsestoaller-
gen challenge on the skin, in the nose andin the bronchial tree, are inhibited by ste-
roids, 12,40c-40f,4 1i,63,68,68a-682,69,70,72d,164b, 1641, 164n,1772,1775,178r, 178,

178u,178x,179},179k Recently, evidence has been provided for some inhibitory effects of
topical glucocorticosteroids on someof the functions of mucosal mastcells in ani-

mals,179,179a In humans, the topical corticosteroids can, under certain circumstances,

reduce the numberanddistribution of the mucosal mastcells (MCT), probably by

inhibiting the production of IL-3 or possibly of other mastcell growth factors.!78* Also
a possible inhibition of mastcell-derived cytokines has been suggested.!78* However,
there is no evidence that topical glucocorticosteroids can inhibit the production andre-
lease of preformed and newly generated mediators by human mastcells,!78* either ”in
vitro” or ”in vivo”178x

{E] Corticosteroids and the immediate type of the nasal/asthmatic response

Moreover, neither systemic corticosteroids nor topical glucocorticosteroids have been

shown to inhibit the immediate reactions to allergen challenge, such as "immediate
asthmatic response”40>,63,681,68¢,70,96k,121h,161¢,1786,178g,178), 178m,178n or "immediate
nasal response”,2+10.1 1,114, 11d,1 1e,14,411,48d,72b ,72d,92,94,95,97a-97¢,97p,119-121,121b,121d,177h

even after a long-term administration, e.g. 2 weeks!2!4, 3 weeks121b, 6 weeks72@121h or
12 weeks.724,121! Thelack of protective effects of topical glucocorticosteroids on the
“immediate type reactions”, repeatedly demonstrated byus as well as by several other
investigators, would contradict the findings of someother investigators’ concerning the
possible inhibitory effects of topical glucocorticosteroids on the immediate asthmatic

response !79b,179¢ or on the immediate nasal response!2!¢ generated, however, from a

limited numberof subjects and sometimes poorly documented.
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[F] The possible role of “MC” and “BS”in the hypersensitivity mechanisms with

respect to their specific features and to the possible involvement of cytokines

Atkins and Zweiman!62e and Zweiman andcolleagues!©2> have observed an increase
in the count of blood neutrophils 2 hoursafter an allergen, but not methacholine,

inhalation. They have suggested that the immediate phase of asthmatic response may be
caused by the mediatorsreleased from the degranulated mastcells, followed by the late
neutrophil activation, which may be involvedin the late phase asthmatic response.
Talbot and co-workers!77¢ have suggested the possibility of a >prolonged release” of
mediators from the mastcells. Lemanske and Kaliner>@ have formulated the lack of
evidence forthe contribution, even indirect, of mast cells for late asthmatic response to

allergen challenge. Furthermore, they have concluded that ”the contribution of the mast
cell to the biologic and physiologic events surroundingthe late responseareless well es-

tablished. Theprecise cell source of NCF is unknown. Thus while mastcell activation
mayinitiate the allergic reaction,it is quite possible that a second or third immunologic

or biologic signal is necessary for the allergen within the airway to lead to the develop-
mentofthe late obstructive reaction.” Recentdata, indicating that the activation of the

animal basophils and mastcells, both of the IL-3-dependent andofthe IL-3 indepen-
dentcell lines, may result in an increased RNA expression and the release of various
cytokines, has expandedtheroleofthese cells. The following cytokines have been sug-
gested to be released by the activated mast cells and/or basophils: IL-1, IL-2, IL-3, IL-4,

IL-5, IL-6,IL-10, INF-gamma, granulocyte-monocyte colony stimulatingfactor,
macrophage inflammatory peptides o and , T cell activation gene 3, and tumornecro-

sis factor-@,162m,164c,179d, 179e However, virtually all the studies reporting the cytokine
production by the mast cells and/or basophils have been carried out on animals, mainly
murine or rodentcell lines or primary cell cultures.!62™,164c.179d,179e Some investiga-
tors have reported a possible evidence for the production of some cytokines also by
human mast cells and basophils. Data of these studies, having been summarized by

Schwartz and Huff,!64¢ suggest that the activated human mastcells might express
mRNAfor TNF-o and IL-4, whereas human mastcells as well as basophils might gene-
rate both TNF-« and IL-4 proteins. In spite of this somewhat weak suggestion ofthe

productionof cytokines also by the human mastcells and basophils,the participation of
such cytokines in the hypersensitivity mechanisms in humansin general, and in thelate

type responsesto allergen challengein particular, has not yet been convincingly confir-
med.!79e

Furthermore, with respect to the specific features of the mast cells and basophils, such
as "releasability”131¢,162m,164¢,164h,164n,1672,178r and “heterogeneity”, !62m,164¢, 1644,

164n, 164u,164y,167k,176t, 1781,178y,17821791,179g the questionofthe possible production of

some cytokines by the human mastcells and/or humanbasophils, is becoming a more
complex and topical issue.

The ”releasability” means the variationsin the extent of the histamine release not only

between the basophils on the one hand andthe mastcells on the other hand, but also

with respect to the origin of thesecells, e.g. from thecells of different subjects, from the
cells of different locations of one subject, and finally with respect to different secretago-

gues eliciting different degrees of the histamine release. 13!¢:162m,164c,164h, 164n,1672,178r
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Heterogeneity of the mastcells and basophils represents the histologic, histochemical

and morphologic differences betweenthe basophils and the mastcells, and even
between the two basic mast cell populations, the *mucosal type” mast cells in rodents,
being equivalent to the humanmastcells containing tryptase only (MC), and the
*connective type” mastcells in rodents, being equivalent to the human mastcells
containing tryptase and chymase (MC4<_).162m,164e,164d, 164n,164u, 164y,167k,177¥)177%
178r,178y,17871796, 179g

Despite the proposed modified functions of the mastcells and/or basophils, and even

the suggested alternative pathways, the exact involvement anddetailed role of both
these cell types in the mechanism(s) underlying the ” late type responses”in particular

organs,especially their relationships to othercell types, such as stimulation versus in-
hibition at various levels, sequence ofthe intercellular and transduction signals, and the
degree oftheir stimulation andactivationin variousstepsofthese processes, are not yet
fully known,68.13 la-131¢,162d,162m,1622, 164b,164¢, 164h,168f,168h,168i,168n,,170r,17 Ly,
177g,178d,178g,178r,178u,179d

Moreover,the existence of the possible stimulation andactivationofthe mastcells
and basophils by various factors and compounds sometimes operating outside the

structures of the established hypersensitivity types, as has already been discussedin the

previous sub-sections, would then amplify the importanceofthe alternative pathways

and extend the variance ofthe functionsofthese cell types.68e 1627, 164b,164c,164h
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VIII. GENERAL DISCUSSION

The purposeofthis thesis was to define and establish the nature,clinical and
immunologicfeatures, clinical correlates and possible pharmacologic modulation and

control of the clinical phenomenon,the “late nasal response” (LNR). The LNR has

been compared with anddifferentiated fromthe othertypes of the nasal response,

such as immediate/early nasal response (INR/ENR) and the delayed nasal response

(DYNR). Furthermore, the possible mechanisms which may be presumedto contri-

bute to and/orto participate directly in the development of the LNR have also been

described.

This thesis is based on our ownoriginal studies, data and results of which have

already been discussed in the previous sections.2-5,7-11,11a-11j,12,13,13a-13¢,14,14a-14g,15,
25,25a,26,27,274,27b,35a-35¢,37-40,40a-40f,41,41a-41g,71,72, 72a-72d,96,97,97a,97V, 97W511051 178,
117f,117h,117i,118,1211,1211,121j,122a-122e, 124e-124d

A selection of the most relevant papers concerning the main target ofthis thesis has

been included and presented in the section "Supplements”.7.9,11,11i,12,13,14¢,16,18,41,
71372

In this chapter ourattention will be focused on the folowing aspects:
[1] The detection ofthe particular types of the nasal response in general andofthe

LNR in particular, which meansthe nasal provocation tests” (NPT), not only from
the technical points of view, such as principles of the NPTs, basic conditions for the
NPTs,basic indications, basic techniques, their advantages and disadvantages,

reproducibility, but also the interpretationofthe data generated by thesetests;
[2] The position of the LNRin the hypersensitivity events occuring in the nasal muco-

sa, the significance and consequences ofits existence for the practical diagnostic

proceduresand treatmentofthe allergic disorders of the upper airways andrelated
organs;

(3] ‘The importance ofthe existence of the LNR also forresearch purposes, as an interes-

ting and easily accessible model for studying the hypersensitivity mechanisms from
various points of view;

[4] The variousclinical and immunologic aspects concerning the LNR, which still
remain unknown, and which maybe the target for the research activity on this field
in the future, such as detailed mechanism(s) underlyingthis clinical phenomenon,
the participation androle ofthe particular cell types and their interactions, the
participationofthe particular mediators, factors, constituents, molecules, com-

pounds and biochemical processes in the developmentofthe LNR. This might
improye our understanding ofthe LNR,the integrationofthis phenomenoninto

the more general hypothesis ofthe hypersensitivity states of the upper airways and

to optimize its pharmacologic control.
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A. NASAL PROVOCATION TESTS [NPT]

The nasal provocationtests (= nasal challenge, NPT) might be considered not only

as aninteresting and importantresearch technique and modelfor the investigation of
the pathophysiological and pharmacological aspects of the nasal mucosa, 7-7,8,11,114,12,
13,14¢, 18,21,22,26,27,35d,35¢,40a,41j,53,71,72,179,180-197 butalso as an importantpartofthe

routine diagnostic procedureofthe allergic disorders in the nose andofthe role of the
nosein the related organs.23,7.9.1 1h,140,21,22,26,27, 30,35¢,41,41},53,180,186,187 The useful-

ness of nasal provocationtests for the clinical diagnosis is gradually becoming recogni-
zed.7o1 1h, 146.2 1,26,27,30,35¢,40a,41j, 48£,53,85,180,186-192

The NPT may beseen as a model techniqueand as a simulated reproductionofthe

patient’s complaints and symptomscaused by an exposureto certainallergen or non-

specific agent.3:!89 Preference should be given to the nasal challenge as a model expos-
ure to an allergen or non-specific agent, rather than the natural exposure, where the

dose and concentration ofthe particular agent cannot be always monitored and nasal

parameters cannotbe always quantitatively recorded.3:355, 41b,180 The nasal provoca-

tiontest is so far the only technique to demonstrate the particular types of the nasal

response (immediate,late, delayed) due to a specific allergen.2-47:11h.13,41b.41j,191

|. PRINCIPLES OF THE “NPT”

Thebasic principle of the nasal challenge is repeated recording and comparison of

parameters before andafter the specific stimulus (= comparisonofrelative values),>,7+
8,11h,30,4]j

The principle ofthe provocationtests has two aspects: (a) The qualitative aspect:

The NPT demonstrates that the nasal mucosaindeed reacts by the typical complaints

and developsa certain type ofnasal responseto the challenge with a certain allergen or

non-specific agent. The nasal challenge may confirm definitely the role of a certain

allergen or non-specific agentin the patient’s nasal complaints; (b) The quantitative

aspect: The NPT demonstrates that the suspected allergen or non-specific agent, in a

certain dose, during a certain time of exposure,is able to cause a certain nasal res-

ponse, which can then be quantified and recorded (= dose-response and time-res-

ponse curves).

2. BASIC TYPES OF THE “NPT”

There are 3 basic types of nasal challenges:4,7:10;12,13,30,35b,35¢,41b,41),72a,72b
(a) Nasal provocationtests with allergen, confirmingthe allergy componentin the nose

by the manifestationof a certain type of the nasal mucosal response dueto a certain
allergen.2.3:7,9.41b,41},72b,186,192-194

(b) Nasal provocation tests with non-specific agents, their simulators or representatives
(e.q. histamine, methacholine, cold air, etc), demonstrating the non-specific hyper-
reactivity componentin the nose, andits participation in the nasal complaints.4,39-
35a-35d,35F,72b,195,196
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(c) Nasal provocationtests in combination with pharmacologic agents (=nasal protec-

tion tests). These tests being in principle a modification of the NPT, may confirm

the effects of a certain drug on the nasal symptomsandon the nasal responseofa
certain type dueto a certain allergen or non-specific agent.9>! 1.1 1h,11i,12,13,40d,4 1b,
48k,481,72d,184,185,191-194,196

Thebasic types of NPT are not alternatives to each other, they supplement one

another. They discriminateparticipation ofthe allergy component on the one hand

and that of the non-specific hyperreactivity componenton theother handin the

patient’s nasal symptoms. Theprotection tests may demonstrate the pharmacologic

efficacy of a certain drug andits effects on the particular type of the nasal response.

3. BASIC CONDITIONS FOR THE “NPT”

(1) The nasal provocationtests should also meet some necessary requirements,3:430,41),

187,191,197 the test should be safe, reproducible, sufficiently sensitive and free of
artefacts. The allergen (non-specific hyperreactivity agent) should be applied in a
sufficient and adequate but not dangerousdose duringa suitable period oftime by
a reliable technique. The test should be as comfortable as possible for the patient as
well as for the technician;

(2) The NPT should be performed by meansofa reliable method and usingreliable
apparatus corresponding with upto date technical development.4

(3) The NPTshould be performed in an adequately equipped room understandard
conditions, e.g. room-temperature, humidity, ventilation, optimal furniture etc.3

(4) Adequate andsufficientfacilities for reanimation and managementofemergency or
unexpected complications shouldbe present, with respect to rare, but possible appe-

arance of an acute dyspnea due to the broncho-constriction, epiglottis edema,

anaphylactic reactions etc.3

(5) The benefit of the NPT dependson the technique, equipment and experience
(quality) of the operating personnel;3

(6) The NPT cannotsubstitute the bronchial provocationtests in general, only in a
limited numberofexceptional indications.3.4.30,191

4. BASIC INDICATION FOR THE “NPT”

[1] The confirmationoftherole of a certain allergen in the nasal complaints, especially

in the case of discorrelation ofskin tests and/or RAST and/orhistory 3:4,7.9,11b,11h,
30,4 1b,41},90,180, 184,186,190, 198

[2] The discriminationofthe role and involvementofan allergy component(nasal

challenge with allergens) and a non-specific hyperreactivity component(nasal chal-
lenge with histamine or methacholine) in the nasal complaints of the patient 24,55,
35b-35¢,41b,48£57a,72b,195

[3] The discovery and the confirmation of the existence ofthe particular types of the

nasal response; immediate,late or delayed 2-4,7,10,11-13,11h,13a,41b,96,124¢-124e
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[4] The establishment of the dose-responsecurve (= allergentitration)®

[5] The confirmation ofa possible role of a certain food in the nasal complaints (food
allergy) 26,38,40a,41,41¢

[6] The confirmation ofa possible involvement and association of the nasal mucosa

and nasalallergy in the other organs andtheir responses, e.g, conjunctivae, middle

ear, sinusses, bronchial tree etc.14¢.144,21,22,26,27,30,91,187

[7] The examination ofthe protective and/or therapeutical effects of a certain drug on the

nasal response dueto the particular allergen or non-specific agent (=protection tests)
10,11,11d,11e,11i,12,13,13b,13c,21,26,28,40a,40¢,41b,41g,72a,95,121},122a-122¢,185,188,194,196

[8] The confirmation of the occupational allergy 3-516

[9] The assessmentofvarious therapies and immunotherapy!91-!92

[10] The substitution of the bronchial allergen challenge by the nasal challenge in some
exceptional cases (in patients in whom the nasal allergy may participate in broncho-

constriction, or in whom the bronchial challenge cannot be performed e.g, in small

children,in patients with highrisk, or in patients with limited or unstable lung
functions) 3-411h,30,41b

[11] For research purposes- to study various pathophysiological, immunological

53,180,183 and pharmacological aspects of the nose andnasal allergy, nasal mucosa
and nasalsecretions.11623.33,34,49,71,72,72c,82,83,86,88,94, 124, 184,191,192,198,199

5. COMBINATION OF “NPT” WITH OTHER DIAGNOSTIC PARAMETERS

The NPT can be supplemented by various ”i7 vive” as well as "i vitro” diagnostic
parameters, suchas clinical symptoms(pulse rate, blood pressure, body temperature,

etc)32 and otherorgan functions(e.g. tympanometry, conjunctival appearance and

lacrimation, sinuses X-ray and/or echography, lung functions, etc), 14621,26.41,59.91,187
to demonstrate the possible role (direct or indirect) of the nasal mucosa and/or nasal

allergy in the responseofthe other organs. The NPT can also be combined with other
parameters, such as rhinoscopy, endoscopy, biochemical, cytological and immunolo-
gical examinationofthe nasal secretions and nasal lavage,'*.7!,72 biopsy ofthe nasal

mucosal membrane,estimation of immunoglobulins, mediators and other com-
poundsin the nasal secretions 49,93,83,86,92,124 and in the blood,?:11.114,12.15 recor-

ding of physical-chemical properties of nasal secretions,!!h and recording of changes

in the count ofbloodcell types.!1h

6. NASAL PROVOCATION TESTS [NPT]-TECHNIQUES AND METHODS

[A] APPLICATION OF THE ALLERGEN AND/OR NON-SPECIFIC

AGENT

Several techniques have been usedto applyallergens or non-specific agents ortheir

representatives into the nose. Droppingofallergenic extracts onto the nasal mucosa

using syringes?or bottle droppers?0!is a potentially hazardous methodsince the

fluid may pass downto the larynx which occasionally causes laryngeal oedema or

bronchospasm.!8! A similar disadvantage, however to a lower degree, also concerns
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the aerosolization techniqueusing either the pressurized air or the electronic devices
or the spray-bottle.35*.41) Moreover, the distribution ofthe allergen applied by these
methods cannot always be predicted. Some investigators use a micropipette to deliver
small and exact volumesofallergen onto the interior turbinate202,203, which seems to

be a much morereliable technique than the previous techniques. However,the distri-
bution ofallergenic extractis difficult to control. Impregnated paper discs35,204

inserted into the nose as well as the administration of the allergen via nebulized soluti-
ons 85,195,202 have also been used. Philips and co-workers!have applied the allergen
extract by meansof a cuvette placed directly onto the anterior section ofthe inferior

turbinate.

The challenge procedure should be considered to be a model technique for the

simulation of the natural exposure. All the above described techniques are capable of
delivering allergen to the nose andinitiating a response. However, some of them de-
liver allergen in a higher dose than that occuring naturally. Studies in which pollen
grains have been delivered by an insufflating device are simple to perform, andthe
numberofpollen grains delivered can be controlled.97y However, this method is
applicable only for pollen and notfor other allergens. Another disadvantage ofthis
methodis the possibility of penetration of the insufflated pollen grainsinto the larynx
or even into the bronchial three, causing a laryngeal oedema or broncho-constric-

tion 181,

Weapply theallergen extract as well as the non-specific agent (e.g. histamine,
methacholineetc.) to the nasal mucosa by meansofa wad ofcotton wool ona nasal
probe introduced under the medial concha (middle turbinate), as it has been descri-

bed in detail in our previous papers.7-9:! 151 1h, 114,12, 13,21,22,26,27,35a-35¢,40a,48k,481,71,72,

184,185 The standard application timeof the allergenic extracts is 3 minutes (someti-
messhorter), while that ofhistamine and methacholines is 30 seconds.

[B] RECORDING OF THE NASAL RESPONSE[= RELEVANT PARAMETERS]

The nasal response to challenge with an allergen or non-specific agent may be
recorded using various techniques.7+1 1,1 Uh,11i,12,13,30,31,41),48h,48k,481,57a,60,85,85a, 120,

121,180,182,184,185-220

[B1] The most simple methodis the anterior rhinoscopy*5, which, however, is onlya
qualitative method;

[B2] Recording of subjective complaints (obstruction, hypersecretion, sneezing,
itching) by meansofa score.35,35e.85,205 This technique allows only semi-quantitative
recording of the response, because: - not every nasal response in every patient may
necessarily be accompaniedbysignificant increase in all these complaints (especially

sneezing, hypersecretion and itching), - there is a high degree of standard deviation,
personalinfluence anda lack ofreliable quantification. Therefore, the single recording
of the subjective complaints is no longer an acceptable technique.It has been suggested

to use these parameters only in conjunction with the recording of objective parameters.
3,4,7,8,11b,1th

[B3] Recordingof objective parameters, mostly nasal airway resistance (NAR). This

can be measured using anair-pressure and either air-volumeorair-flow, or their deri-
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vatives, such as air-passage or conductance (whichis the reciprocal value of nasal
resistance). These techniquescan bedivided into 4 groups: (1) nasal peak-flow measu-

rement, (2) plethysmography;(3) rhinomanometry (anterior, posterior, active, passive,

combined and/or modified techniques), (4) Non-rhinomanometry techniques,e.g.

recordingofthe nasal blood flow using Doppler velocimetry,2!6-2!8 or the 133Xenon
washoutclearance method,182,218

(1) Nasal peak-flow technique

A modified Wright’s peak-flow meter to measure the nasal expiratory peak-flow
has been used by some investigators.29© This methodis very easy to perform. How-

ever, followingallergen or histamine challengeit is impossible to avoid the contami-
nation of the equipment by nasal secretions. A modified mini peak-flow meter has

also been developed.Thisis also simple to perform, however, the forced breathing
through the nose canresult in the reflex changes in nasal patency, which maysignifi-

cantly influencethe challenge results.39297

However, due to somedistinct disadvantages, such as contaminationofthe equip-

ment by nasalsecretions, reflex changes in nasal patency, high deviations of the
parameters recorded andtheinability of this technique to record the whole course of
the nasal respiration cycle (inspiration and expiration in their time-course), such tech-

niquesare not suitable for the nasal provocationtests.3:8.30,4 1b,41),180

(2) Plethysmography

The body-plethysmography has been modified for nasal purposes by Cole et al48s

208 and described as ”head-out” bodyplethysmography. This seems to be a very sen-

sitive and accurate technique. However, it requires highly qualified and experienced
personnel, is very laborious, andit is not always suitable for children because of
anxiety. The reliable equipmentis also very expensive. This techniqueis therefore

suitable only for special research purposes.

(3) Rhinomanomeiry

The measurementofnasal airway resistance (NAR) using rhinomanometry can be

divided into various types. In each type an air-pressure and either air-volumeor air-
flow, or their derivatives [e.g. air-passage, conductance (= reciprocal value of the nasal

resistance = R,,)etc.] are recorded.In passive rhinomanometry,the pressure and the

airfloware recorded during breath hold, whilst active rhinomanometry involves their
recording during thetidal nasal breathing. Active rhinomanometry can befurther
subdivided into an active anterior, active posterior, and modified techniques.*:30,.41b,

413,197 Thebasic principle of the use of every rhinomanometry technique for the NPT
purposesis the comparisonofthe relative values before and after the challenge with
an allergen (or non-specific agent) and not a comparisonofabsolute values (parame-
ters). From such a pointofview (principle of comparisonofrelative values}, the
absolute values of the baseline would not be of decisive importance.

[a] Passive anterior rhinomanometry (PAR)
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Theprinciple of this procedure is the measurementofthe passage ofthe air

through one nostril at a fixed flow rate (e.g. 0.25 L/sec) while the breath is held with
the mouth open. Theair pressure is recorded and theresistance (mm H,O/L/sec or

cm H,O/L/sec) can be calculated for each nostril independently (R,,,R,).25>-35e:41b>

41),188-190.193-195,197 The usual equipment for PAR is PAR-Heyer (Germany, Nether-

lands), Cottle (USA), Elema (Sweden), Massing-Siemens (Germany), Connell’s

apparatus (USA), Mercury NR4 (UK), Thetotal nasal resistance (R,,.) can be calcu-

lated by the following formula:

Rr
Bows

Re +R,

[R,,,, = total resistance; R,, = resistance - right side; R, = resistance- left side]

This technique is simple from a practical pointofview,but the results are not

always exactly reproducible with respect to a higher standard deviation ofthe mean
yalue (SD) and standard error (SE). The results can sometimes beinfluenced by

anatomical abnormalities in the nose (e.g. distinct deviation of the septum) or by

slight deformation of the nostril by the adapter-piece in order to prevent leakage of
the air. The changes in the PAR parameters (cm H.,O/L/sec) of 30% or more with

respect to the baseline are statistically significant. The SD for this technique is 10%,
while SE is 6% (our not yet published data).

This technique is quick, easy and suitable, even for small children (with respect to
their anxiety for sophisticated equipment)3,299, for patients with vomiting reflex or

for subjects having a problem with a dental prothesis.3.41b No high degree of co-
operation bythe patient and no highly qualified personnel is required for this techni-
ques41b

[b] Active anterior rhinomanometry (AAR)

The principle of this methodis the simultaneous measurementand recording of
the airflow and transnasal pressure during theactive (tidal) breathing 41).189,189. Nasal
airwayresistance (NAR)is then calculated from the nasal airflow andtransnasal pres-

sure. There is one pressure gradient across the nose which generates the airflow
through the two nasal passages. The relationship between the pressure and flow,
being a complex function dueto the changing turbulent airflow and a plot of pressure
againstflow, is curvilinear.It is, therefore, necessaryto define the point on the curve

(loop) wherethe resistance is measured and this is usually at a pressure of 150 Pa. One
nostril is sealed with a pressure sensor, by meansofsurgical tape, in order to measure
the nares pressures. The nasal airflow is then recorded from the other nostril. The

transnasal pressure is recorded across the nasal passage from the posterior nares to the
mask, Theresistance to the airflow of each nasal passage is recorded separately by
changing the pressure sensor containing cannulaalternately from one nostril to the
other. The active anterior rhinomanometry involves measuringofthe pressure-flow
values ofeach nasal passage separately and then calculating the total nasal resistance.
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The resistance is expressed as a pressure differences/unit of flow, in cm H,O/L/sec (or

Pascal units per cm} per second = k Pal-1s). There are two basic modificationsofthis
method, one using the face mask, the other using the ”nasal olives” (containing the

sensors). Thetotal nasal resistance (R,;) may thanbe calculated from theleft (R,) and

the right (Rx) side, according to the following formula:

1 l R, xR

RRR MO RR,
1

Ry R,

Resistance is calculated by analysis ofthe pressure/flow or alternatively of the pres-

sure/volumecurve, for the nostril which has not been occluded.41),180, 189,190,197

This technique is moderately laborious, sufficiently sensitive, it produces exact data

with a good reproducibility andit does not require a high degree of co-operation by
the patient but it does require well-trained personnel. The active anterior rhinomano-
metry can be performed in almostall adults and many children.?? Onthe other

hand, this technique has some weak points, such as the tube (or nasal olives) must seal

the nostril perfectly to prevent the air-leakage, whereas they should not contact any

part of the nasal mucosa; the ”nasalolives” or the face mask mustclosely fit the air-
ways, however, without any deformation or too great compression ofthe external

nose. This technique cannotbe usedin patients having an unilateral nasal obstruction
of more than 80%.41)

However, whenusedforallergen provocation, problemsarise ifone nostril beco-
mes very occluded at which point the measurementofresistancefalls below the limi-
tations ofthe recording equipment. Moreover, the developmentofhypersecretion due
to the allergen can diminish the tape adherence,resulting in a leakage in the system,
then giving false data. This technique has a low standard deviation (SD) and standard

error (SE), but it is not suitable for patients with fragile and bleeding nasal mucosa,
with frequent sneezing, with vomiting problems 3.416 orin children with anxiety
problemsfor complicated equipmentor even for the face mask. However, the equip-

mentis expensive. The commercially available equipmentis for example: OEM
Medical Inc, (Fleischmann # 1 Pneumotachograph), Hewlett-Packard 8805 B (tran-

ducers, amplifier and X-Y recorder), Tektronix (oscilloscope) in USA; NART (Nasal

airwayresistance tester), P.K. Horgan Ltd. in UK, or Mercury System (NRG) in UK.

[c] Active posterior rhinomanometry (APR)

The principle ofthis technique is the simultaneous recording of flow/pressure
(V-P) or volume/pressure (V-P) parameters during a normal (tidal) breathing. This is
performed by use ofa face maskfitted with a Fleischmann# 1 pneumotachograph
head for monitoring either the nasal air-flow directly or the nasal volume indirectly
(= parameter derived from the air-flow value) through both the nasalcavities, and an

oral tube connected with p-amplifier and pressure transducer, whichis also connected
with the mask for monitoring ofthe transnasal pressure, being definied as AP between
the pressure in the mask and the pharyngealpressure.8,30,41},186,189,207

A short oral tubeis usually adequate for monitoring posterior pharyngeal pressure.
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Firmly gripping the tube betweenthelips, the patient can keep thesoft palate elevated

and the upper surface of the tongue well down, allowing undisturbed communication
between the oropharynx and the mouth. The most suitable mask for this techniqueis
that covering mouth, nose and eyes, becauseit does notdistort the soft and the carti-

laginous parts of the nose. A supplementary oscilloscope for detection of the possible
artefacts caused by the malposition of the pharynx and the tongue, and for the air-

leaks as well as obstruction ofthe oral tube may improve this technique substantially.
Both the parameters (V/P or V/P) can also be recorded simultaneously by the X-Y

plotter-recorderas an integrated “loop”. The other electronic equipment as well as
calibration procedure are similar to those of the active anterior technique. The nasal
resistance calculated from the parameters recordedby this techniqueis a total nasal
resistance (R,,), expressed in cm H,O/L/sec. Thetotal resitance Ry of the nasal-air-

waysis calculated by meansof the following formula:

The ”R,,”is the total nasal resistance expressed in k Pal-/s,"dP”is the pressure

difference (kPa) and ” V”is the flow rate (in 1 second). The equipment is produced by
Mercury Comp (UK), and WE Collins Comp (USA). The advantageofthis methodis
the possibility to obtain thetotal nasal resistance even when a distinct obstruction of
one of the nostrils or hypersecretion is present, or when the patient underwent a
partial resection or extraction ofthe nasal septum, There are, however, also some

disadvantages to this technique. Some of normal subjects do nothave sufficient
controlof their soft palate to allow the pressure-flow recording consistently free of
artefacts.30,41j,180 Other individuals cannot perform this test adequately despite the
repeated training?!0.

This techniqueis very sensitive, but also laborious, requires highly trained person-
nel, is not suitable for children (with regard to the anxiety aspects), for patients suffe-
ring from bronchial asthma(in an acute stage), respiratory insufficiency, vomiting
problems, hyperventilation syndrome, hypersalivation and for persons wearing a
dental prothesis. Additionally, the apparatus necessary for this techniqueis rather

expensive. This techniqueis, therefore, suitable for research purposes or as an arbitrary
test in a situation when the other techniquesfail to produce reliable results,41b.41),186

The general recommendation of the European Committee on Standardization of
Rhinomanometry has suggested that resistance should be recorded and calculated at
the fixed pressure of 150 Pafor the active anterior technique, and at 75 Pafor the
active posterior technique!97.

[d] Computerized rhinomanometry

The active anterior rhinomanometry aswell as the active posterior rhnomanomet-
ry, with respect to the complicated processing of data (analysis of the loop) and time-
consumingcalculation, can be distinctly improved by meansofthe combination of
this equipment with a computer system, including a storage oscilloscope, X-Y recor-
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der, processing unit(at least 64 K of memory), 1/0 ports, a 12-bit analogue - to -
digital converter, a 12-bit digital - to - analogue converter, a T'V display, a terminal
and a printer.30,31,41,48h This equipment may also be supplemented by a ready-
reading manualsensor, by meansofwhichtheloop, recorded by the X-Y recorder,

could be directly analyzed, re-calculated and re-checked andin this manner the

possible artefacts can be eliminated. The advantages of such a system include:(1) data
recording is very accurate and quick; (2) artefacts can be discovered very easily and

continuously; (3) the calculationtime of the data can be spared; (4) a large number of

date can be stored within a short period oftime; (5) a high number of measurements

can be performedbya parallel schedule andsystematically stored485, The computeri-

zation of the rhinomanometry represents a distinct improvement, however,it is also

very expensive improvementofthese techniques.

[e] Modified techniques of rhinomanometry
- The “balloon technique” * 3,7-9.11,11i,12,13,21,25b,48k,481

(1) Principle of this method. The nasal mucosa of the patient with rhinitis, when
challenged topically with an allergen to which heis sensitive, c.q. with non-specific

agent(e.g, histamine, methacholine) reacts with swelling, hypersecretion, sneezing
anditching. These changes, especially the appearanceorincrease in the mucosal
edema, dueto an allergen or non-specific agent, interfere with the passage ofthe air

through the nose,resulting in an increased pressure difference (A P) between the na-
sopharyngealcavity and the outsideair, while the airflow is constant. These increased
pressure differences, the so-called NPG (nasopharynx-nostril-pressure gradients,
expressed in cm ofHO), are recorded and considered to be a parameter of the assess-

mentofthe nasal response (= obstruction). The mean NPGvalues are always recor-

ded and calculated during the regular breathing for 90 to 120 seconds;
(2) The apparatus and equipmentconsists of a one-channelrecorder, an electrical

differential pressure transducer (p-amplifier), a water manometer, a small rubber
balloon of 5 mm diameter and 25 mm length, and a polyethylene tube connecting

system;
(3) Evaluationcriteria. Thestatistically significant increase in the NPG valuesis 2.0

cm H,0 or more (1.2 + 0.3 cm H,O=mean + SE; 1.2 + 0.5 = mean + SD);

(4) Procedure. After a calibration of the equipment, the small rubber balloon (25

mmin length and 5 mm in width) is introducedinto one ofthe nasal cavities and

placed underthe posteriorpart of the middle turbinate, then connected with the

pressure transducer andrecorder through a water manometer andfilled with 2 ml of
air. The polyethylenetubeis then fixedto the alae nasi by means ofa surgical tape
(Micropore). The patient breathes through the non-intubated nasalcavity, the mouth
being closed andthe intubated cavity also being closed by the patient’s fingers placed
on the alae nasi. Five to 15 minutes later, when the patient's breathingis stabilized and

regular, the test can begin. The application ofthe diluent solution [= controltests, in

the past Coca’s solution, recently Phosphate buffered saline (PBS)] as well as of the
allergen extract c.q. non-specific agent(e.g. histamine or methacholine)is carried out
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by meansofa saturated wadofcotton woolon a nasal probe introduced under the
middle turbinate of the non-intubated nasalcavity.

(5) This technique, belonging to the modified posterior rhinomanometry,is a

contra-lateral method, where onenasal cavity is challenged and the NPG parameters

are recorded through the othernasal cavity. This technique is moderately laborious,

requires experienced personnel, is highly sensitive, is not influenced by anatomical

disproportions or deviations and has an acceptable SE (1.2 + 0.3 cm H,O = mean +

SE) as well as SD (1.2 + 0.5 em H,O = mean +SD). This technique also demonstrates

statistically significant reproducibility. However this methodis not suitable for small
children, for subjects with fragile or bleeding nasal mucosaand forthe patients with
the resected or extracted nasal septum.

Weuse the “balloon technique”as a standard methodin adults and olderchildren,

the “passive anterior rhinomanometry”in small children and adults with above men-
tioned disadvantages, while the >volume-pressure method”(active posterior rhino-
manometry) and the ”flow-pressure method”(active anterior or posterior rhinoma-
nometry) for research purposesor as an arbitrary parameter.

(4) Acoustic rhinometry 48£48i,48},211-215

This technique utilizes the reflection of the sound waves from thenasal cavities to
assess the cross-sectional area, The normal curve, measured by an acousticclick,
shows the minimal cross-sectional area (I-notch) located at the isthmus nasi, while the

secondnarrowest segment (C-notch) is located at the head ofthe inferior concha. Any
change in the cross-sectional area of the nasal cavities results in a changein the acous-

tic impedance. In the acoustic rhinometry soundin the range 2-10000 Hz is pulsed
into the nasal cavity at a fixed interyal whilst the subject breathes in a tidal manner. By

the accurate recording ofthe incident and reflected sound waves within a given time
interval, the distance from sourceto the reflecting body can be determined. This can

thenbe related tothe cross-sectional area. The recordingofthe pressure in the mouth

and theflow rates in the nose can then be combined with the acoustic measurements
to give the measurementofthe nasal airways resistance (NAR). This technique, modi-

fication ofwhichis also called oscillometry,48i212213 has been compared with the
more common methods of rhinomanometry and it has been shownto bevery repro-
ducible,48i The practical use of this technique for the routine nasal provocation has
not yet been fully explored. However, this technique seemsto be very promising, even

for the NPT purposes. In view ofthe rather high price of the equipment, this tech-
nique remainslimited to research purposes. Commertially available equipmentis for
example: Otodynamics, (UK) and Rhinoclack-Stimotron (Germany).

(5) Non-rhinomanometry techniques

Other techniques based onprinciples differing from those of rhinomanometry, are
sometimes used for the assessmentofthe nasal response, mostly for research purposes:

(a) Laser Doppler velocimetry measuringthe capillary blood flow in the nasal mucosa,
alternating during the nasal responseto allergen or non-specific agent.215-218

(b) /33Xenon washout clearance recording the capillary blood flow in the nasal mucosa,
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being a result of different components of the nasal vasculature. 182,218
(c) Nasometry, measuring the resonanceofthe subject’s voice within the upperairways

(nasal cavities, post-nasal space and sinuses).219

(6) Reproducibility of rhinomanometry

There is somecriticism concerning the rhinomanometry techniques, especially a
numberoffactors which could alter the recorded parameters, e.g. compression of the

soft exterior nasal tissue by a tightfitting ofthe face mask orair leakage through or
along the tape used for nostril occlusion, possible local irritation ofthe nasal mucosa
by the rubber balloon ete.

However, according to our experiences, under standard and well defined condi-
tions (e.g. well-trained personnel, suitable protocol, well-calibrated equipment, stan-

dardized environment, allergenic material and procedures), the rhinomanometry is a

very useful and reproducible tool and an important part of the routine diagnostic
procedure of the nasal allergy disorders.

B. PURPOSE OF THE PROVOCATION TEST

1. WHY THE PROVOCATION TESTS ARE PERFORMEDIF THE SKIN TESTS ARE
ALREADYPOSITIVE?

Although the skin tests are an important diagnostic tool, they should be considered
as thefirst screening method only.114.92,198 [t is not entirely possible to draw full
conclusions from the results obtained on oneorgan(in this case the skin) for another
organ(nose or bronchial tree). Such interpretation and transformation ofthe results
is not unlimited.114.25a,.26,41f Apart from the state of the skin itself (hypo-versus

hyper-reactive skin, changed metabolism), appearanceofskin disease with possible
allergic component,e.g. urticaria, eczema, contact allergy, or other skin disorders, the
positive skin tests demonstrate only the presence ofantibodies(e.g. IgE) to a certain
allergen in the skin. There is no sufficient certaintythat: (a) the allergen causing a

certain response onthe skin would also be able to play the same or anotherrole in
anotherorgan(e.g. nasal mucosa) andto elicit a response there which would be com-
parable with that on the skin; (b) the target organ would indeed develop a response to

the specific allergen, which can be predicted from theskin response to the same
allergen,:11h,25a,26,41f

Theskin tests could be influenced by stimuli coming from various other organs
and therefore they could also be related to various other organs! 1h,

Theallergic reaction, in the wide sense of the word, has twobasic parts, one central

and onelocal!h, The local andcentral parts can participate to various degrees and in
various ratios in the mechanisms underlying the allergic reaction andfinally leading to

the specific symptomsofthe patient. With respect to the variable participation of both
the parts, the individual diagnostic tests do not always generate fully relevant results. It

is, therefore, necessary to include both theparts (the local as well as the central one) in

the diagnostic procedure. For example:the allergic reaction in the nasal mucosa could
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be solely a local event with or without changesin the local level of antibodies (specific

IgE) and with or without changes in the concentrationofthe specific IgE antibodies in

the serum,andalso with or withoutpositive skin tests (=skin reaction to the same
allergen).3.9,11h,41b,41i The same questionarises for the serum RAST or CAP (specific
IgE) and PRIST (total IgE), which are also representatives of the central part.9.11h.41b,
411 The concentration oftotal [gE in the serum canbeinfluenced byantigen-antibody
interactions occuring in various organs and systems. On the other hand,the level of

specific IgE in the serum does notnecessarily have to berelated to an allergic reaction
in a certain organ, where the local IgE antibodies may play the mainrole. Such a
reaction would be limited to the organitself.3,4,9.11h.414,88,92,198

This problem is more complicatedif the same patient has a combinationofdisor-
ders with allergic component (e.g. bronchial asthma,allergic rhinitis and urticaria),
wherethe skin tests and possibly specific IgE in the serumare positive for various
allergens. How can wethen indicate which allergen wouldplay whichrole in which
organ?

It is, therefore, necessary with respect to the local part of the allergic reaction, to
perform provocationtests with the particular allergen on the target organ. Moreover,

the provocation test is the only technique for the detection ofthe particular types of
organ response and for the confirmation oftherelationships between various organs
(e.g. nose-maxillary sinuses, -conjunctivae, -middle ear or -bronchial tree).11h, 14,142-
14g,17,21,22,26,27,27b.41g,41h

2. WHY THE PROVOCATIONTEST IS PERFORMED ON THE “SICK ORGAN”?

As a model investigation, this test demonstrates the antigen-antibody interaction
followed by the consecutive steps in the appropriate (shock) organ. Moreover,this test

demonstrates and confirms that this organ indeed respondsto the stimulation with
the particular allergen by the appropriate, and expected changes and symptoms(res-
ponse),11h,26

Sometimes, an allergen challenge performed on one organleads to a response in
another organ(e.g. cephalgia, conjunctival injection, middle ear response, sinus
response or bronchospasm can appear during the nasal provocationtests). This
response may correspond with the patient's real complaints. Furthermore, in some
patients even the nasal mucosa itself does not develop any response to the certain
allergen, while some other organs do. Sometimesa patient is able to develop a bron-
chospasm after the nasal challenge with allergen, whereas the bronchial challenge with
the sameallergen does notresult in any bronchial response.4!'h,14a-14g,17,21,22,26,27,

27b,418,41h In such cases, the administrationof a certain drug, e.g. Disodium cromog-

lycate into the organ where the primary antigen-antibody interaction occurs (e.g. in

the nose) may behighlyeffective in preventionofthe secondary symptomsdisplayed
by the other organ(e.g. bronchial tree),21,26,27,40a,41g.41h
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C. POSITION OF THE ”LNR” IN THE HYPERSENSITIVITY
EVENTS OCCURING IN THE NASAL MUCOSA- ITS SIGNIFI-
CANCE FOR THE DIAGNOSTIC PROCEDURE AND TREAT-
MENTOF ALLERGIC DISORDERS OF THE UPPER AIRWAYS
AND RELATED ORGANS

Theallergic component involved in patients with a variety of disorders, such as

allergic rhinitis, bronchial asthma,allergic conjunctivitis, urticaria, etc, has classically

been attributed to the immediate hypersensitivity (Type I allergy) mechanisms.

This concept has undergone a principal revision upon the discovery and apprecia-

tion ofthe late phase allergic reactions (LPRs), which have been demonstrated in a
variety of organs, including skin, lungs, nose, eyes etc.2>721 11 1g,1 1h, 14e-14g,16,25,252,26,
27,27a,27b,29,33,34,40a-40£41a-41d,41£-41i,43,48d,51a,510,53-56,57a,61-68,68a-68g,72,72a-72c,94,
96,96a-96p,.97,976.970,97¥,97W.105-109,121¢-121k,124¢,124d,1312,133,162y,1631 Tt has been

recognizedthat the late reactions undoubtedly contribute substantially to the clinical

symptomatology ofvarious allergic disorders, including allergic rhinitis, bronchial
asthma, urticaria, atopic eczema,allergic conjunctivitis and various formsofthe food
allergy.

Moreover, the recognition ofthe late responses has conceptually influenced and
finally changed the therapeutic approachesto theallergic diseases.211h.12,14,14d,17,21,
26,27b,28,38,40,40a,40c,40d,406,4 1b,412,41h,411,49,51,51a,65,68a,72a,72b,72d,96a,96c,96k,97w, 106,

111,11la-11 16,112-114,116b,116¢,117,117a,117h,121b,121e-121h,121j,121k,1211, 124a-124f,1241,161¢

The LNRis regularly involved in the nasal complaints ofallergic rhinitis patients, is

often overlooked in the practice and maybe responsible for the failure of the usual
treatments in these patients,1!h.41b

The LNRparticipates in the nasal complaints of the patients with allergic rhinitis

morefrequently than has previously been expected. In ourearlier studies we have

found the LNR in 5%respectively 11%ofthe patients with allergic rhinitis.11h.416 In
ourlater studies, after the long-term nasal challenges (NPT) had becomea part ofthe
routine diagnostic procedure at our department, the LNR has been recorded in appro-
ximately 41% of the patients suffering from allergic rhinitis.416

The frequent missing and/or overlooking ofthe LNR in practice is probably caused
by the simple fact, that in majority of the departments and clinics where the patients
with nasal allergy are examined,the standard routine diagnostic procedure performed

in these patients does not include the nasal provocationtests with allergens, especially

those by means ofwhich the LNR maybe recorded and confirmed.
Finally, the lack of knowledge of the existence of LNRandits participation in the

nasal symptomatology can lead to insufficient therapeutical measures. In this way, the
LNR maybe responsible for the failure of the usual(first choice) treatment, such as

H,-receptor antagonists, in the patients with allergic rhinitis. !1h.41b
Althougha lot ofknowledge concerningthe clinical, pathogenetic and immunolo-

gic features of the LNRhas already been gathered, the immunologic(hypersensitivity)

mechanisms underlying this clinical phenomenonare not yetfully clarified.

However,there is growing evidence for a presumption that the mechanisms under-

lying the LNR maybedifferent from those involved in the immediate nasal response
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(INR) as well as from those leading to the delayed nasal response (DYNR).2+7-1 1h, 13a-
13¢,41b,48d,51a,51b,53,94,192

Moreover, the clinical picture and symptoms associated with the LNRdiffer dis-
tinctly from those accompanying both the INR and the DYNR(Tables 2-6),11h.41b
The LNR canbe characterized bya distinct nasal obstruction dueto the clear swelling
of the nasal mucosa, while the other symptoms, such as hypersecretion and sneezing

are present to a lesser degree and the itching is almost absent.

In contrast, the INRis usually associated with the hypersecretion, sneezing, itching

and nasal obstruction almost to equal degrees,2:4,8-11,11a-11e,14,41b, 41¢,41f41g,41i
Finally, the DYNRis associated with severe nasal obstruction, whereasall other symp-
tors are absent.2,7>11h,13,13a-13c,41b,41g,41i

The clinical features supplemented bythe other ”in vivo” and ”in vitro” diagnostic
and/or immunologic parameters, such as concentration of particular immunoglobulin

classes and sub-classes in nasal secretions and blood,particular mediators, factors,

constituents and compundsin the nasal secretions and blood, cytologic examination

ofthe nasal secretions and blood, and nasal mucosa biopsy, would allow us to formu-
late the following hypothesis.2,7:9:1 161161 1g,11h,12,14b,14¢,16,22,25,25a,34,35¢,40¢,40d.41,

4la-41d,419,48d,48¢,49,51a-5 16,53,72,72a-72c,94,950,96,97,976,970,97,121b, 121)

The INR predominantly represents a short-time, transient, ’functional” and fully
reversible immunologic event in the nasal mucosa,being limited to the nasal epitheli-
um and upperlayers ofthe nasal mucosa, upon involvementof a limited numbers of
the cell types, such as mastcells, eosinophils, epithelial cells, and sometimes neutro-

phils and uponthe participation of the specific IgE, sometimes IgG (IgM) antibodies
and cell-derived mediators, factors and cytokines.

The LNRrepresents a largely pronounced, howeverreversible, and ”in the time”
gradually developing immunologic event in the nasal mucosa, where lowerlayers of
the nasal mucosa, other mucosal structures, such as blood capillary network,a variety

ofthe cell types, including basophils, eosinophils, neutrophils, epithelial cells, goblet
cells, and monocytes, various mediators, chemotactic factors, cytokines, other comp-

ounds, cell consistuents and IgG (IgM) antibodies may also participate. The LNRis

regularly accompanied bythe formationofthe tissue eosinophil-neutrophil infiltrates
in the deeper mucosallayers (lamina propria), and by a slight, however reversible,
epithelium damage upon the involvementofsome inflammatory components.

The DYNRis a distinctly pronounced, long-period gradually increasing immuno-

logic event, including almostall layers of the nasal mucosal membrane, upon the
involvementofvariouscell types, such as T-lymphocytes, neutrophils, and monocy-

tes, various cell-derived as well as extracellular (tissue) compound, cytokines, and a

distinct inflammatory component. Moreover, the perivascular areas in the profound
layers of the nasal mucosa are the predominantlocation of the numerousinfiltrates
consisting of neutrophils, lymphocytes, monocytes and plasmacells, accompanied by

diffuse haemorhages anddisrupted blood capillaries. The DYNRis usually accompa-

nied by the pronounced epithelium andtissue damage, whichis, however, mostly

reversible. The DYNRrepresents a serious, however, reversible, immunologic injury

of the nasal mucosa.
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The LNRcan also be characterized by its other special clinical feature, which means

it does not correlate satisfactorily with other routinely performed diagnostic "in vivo”

as well as ”in vitro” tests and parameters (Table 6),11h.41b

The LNRhas been found to associate with other diagnostic parameters as follows:

(1) positive disease history in 23% ofthe cases, (2) late skin reaction in 65%, (3) in-

creased serum concentration of total IgE in 6%,(4) positive specific IgE in the serum

in 9%, (5) increased serum concentration of [IgG in 51%, IgM in 8%, IgG subclasses in
2-19%, (6) increased blood eosinophil count in 23%, (7) increased blood leukocyte

count in 13%14h.41b, Moreover, the late appearance of the LNR and the accompany-

ing nasal complaints makesit almost impossible to trace this response type and to

relate it to an exposure by a certain allergen, by meansofthe disease history (=medical

anamnesis). The majority ofthe allergic rhinitis patients have no knowledgeofthe
possible participation of the LNRin their nasal complaints.

The insufficient correlation of the LNR with the other diagnostic parameters does
not allowthe predictionofthe existence ofthis nasal response type from these para-
meters.

The existence of the LNR can only be demonstrated and confirmed by means of
the nasal challenge with allergen [NPT] (= recordingof the nasal resistance parame-

ters), supplemented by a numberof other ”in vivo” and ”invitro” diagnostic parame-
ters,3-7:9,1le,11h,12,14,16,25,33, 40¢,40d,40f,41,41a-41d,41¢,72,72a,72b,72¢,96,97

Moreover, the long-term NPT, supplemented by recording of the other parame-

ters, such as echography, X-ray of the sinuses, lung functions, tympanography, body
temperature, blood pressure, pulsusrate, conjunctival appearanceetc., may be consi-

dered to be the sole technique to confirm the causal role of the LNR in the secondary
responseofthe other(related) organs,!1.14a-14g,16,17,21,22,26,27,27a,27b,41,41b,41g,41h,

72b,91,96,97

Furthermore, the differences in the pharmaco-modulation and pharmacologic
control of the LNR, in comparison to the INR and DYNR, would be of eminent and

of a critical importance for the treatment oftheallergic rhinitis in the individual
subjects in the practice,!0:1 L,l1d,1 Le, 11i,12,13,13b,14,17,21,26,38,40a-40f,41b,412,480,49,57,72a,

72d,82, 97b,97¢,121b-1214,121i,121j,125a

The LNRhasalso an important significance for some other organs andtheir res-

ponses. The LNRis regularly associated with/or plays a causal role in a secondary
responseofother,related, organs, such as conjunctival response (in 46%), palpebral
edema(in 13%), middle ear response (in 23%) maxillary and frontal sinuses (in

18%), headache (in 47%), migraine (in 18%), bronchial complaints, especially secon-

dary broncho-constriction (in 4-11%) and general malaise complaints (in 6%). From
a practical point ofview,it is, therefore, very useful to combine the NPT with the

monitoring of the other diagnostic parameters and in this way to demonstrate and
confirm the causal role of the LNR in the other organ responses.In a limited number

of cases, the NPT resulting in the LNR can replace the BPT leading to the LAR.
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D. IMPORTANCE OF THE ”LNR” FOR RESEARCH PURPOSES
The LNRrepresents an easibly accessible model for studying the hypersensitivity

mechanismsfrom variouspoints ofview, such as immunological, cytological, bioche-
mical and biophysical, which can be related not only to the specific allergen, but also
to the clinical course of the LNR andto various changesin the nasal secretions and/or
in the nasal mucosal membrane. The LNR can beeasily supplemented by a variety of

other research parameters. The LNRis aneasily producible and reproducible pheno-

menon.This clinical phenomenonis associated with a very limited numberofrisks
and/orlife-threatening factors, and therefore it may be considered asa fairly safe

research model. Moreover, the collection ofthe nasal secretions for the research
purposes by meansofour technique of blowing the nose onto a polyethylene sheet or

the nasal lavage used by other investigators, may be considered to be a mucheasier

and safer method than the broncho-alveolar lavage (BAL) technique. In contrast to
the BAL, the collection ofthe nasal secretions can be repeated without anylimitation.

Furthermore, the LNR can serveas an interesting and easy model for the pharmacolo-
gic research,to investigate the therapeutic and protective effects of various drugs,
upon monitoring of a variety of the ”in vivo” as well as ”in vitro” parameters. Finally,
regarding the frequent occurrence of the LNR, approximately in 41%ofpatients with

allergic rhinitis, it is possible to recruit a large number ofsubjects in whom the LNR
occurs, within a short period oftime.!1h.41b

E. "LNR” AS A RESEARCH TARGET IN THE FUTURE
Despite a great deal ofknowledgeofthe variousclinical and immunologic features

of the LNR having beenalready gathered, especially during the last decade, the LNR
remains an important, attractive andinteresting clinical phenomenon,whichstill

needs moreclinical and immunological investigation to clarify the mechanisms
underlying this phenomenonand to improve the understandingofits clinical signifi-
cance. Further studies ofthe clinical, immunologic, biochemical, biophysical, cytolo-
gic and therapeutic control aspects concerning the LNR may contribute to our under-
standingofthis clinical phenomenon. These studies may include following aspects

and targets:

(1) The mechanisms,in detail, underlying the LNR;

(2) The participationofthe particular cell types and their sequential traffic, coopera-
tion andinteraction (stimulation vs inhibition) in the mechanismsleading to the

development ofthe clinical LNR.

(3) The role and significance ofa variety ofthe mediators, constituents, factors and
compoundsfor andin the developmentofthe clinical LNR, including: histamine,
heparine, chemotactic factors for eosinophils, neutrophils and othercell types,
exoglycosidases, neutral proteases (tryptase, chymase, etc), componentsofthe
kinin system, components ofthe clotting system, cyclooxygenase pathway pro-
ducts (prostaglandins, prostacyclins, thromboxanes), lipooxygenase pathway

products (leukotrienes,lipoxines), platelet activating factors (PAFs), bradykinin,

serotonin,acetylcholine, cyclic nucleotides (cAMP, cGMP),kallikrein system

factors, various primary and secondary enzymes, lysosomal enzymes, hydrolytic
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enzymes, neutral hydrolases, lipoprotein lipase, vasoactive amines, growing
factors, major basic protein (MBP), eosinophil cationic protein (ECP), eosinop-

hil-derived neurotoxin (EDN), eosinophil peroxidose (EPO), oxygen-derived free

radicals, vascular permeability factors, lipid mediators, complementparts, parti-

cular neuropeptides and neurotransmitters, histamine releasing factors (HRB),

particular cytokines (lymphokines, monokines, interleukins, colony stimulating
factors) and otherfactors.

(4) The role ofparticular classes and subclasses of imnminoglobulins and their ligands
{receptors) on the surface of the particular cells and capillary endothelium, in the

individual types ofthe hypersensitivity mechanisms and processes, including the
LNR. Moreover, the exact role of particular circulating and local immunoglobu-
lins should beclarified.

(5) The exact role ofthe particular electrolytes and the correspondingions, such as
Cat+, CL-, N+, Kt, in the various steps of various hypersensitivity mechanisms.

(6) The expression and participation of the various types ofthe surface receptors

(surface determinants, CD molecules), including the adhesion molecules, on the

particular types of the circulating as well as non-circulating cells, such as epithe-
lial, endothelial andtissue cells, in the particular types ofthe hypersensitivity
mechanisms and nasal response, among others in the LNR.

(7) The role, in detail, of the particular H-receptors (H,, H.,, H,), muscarinic recep-

tors and othertissue receptorclasses.

(8) The biochemistry ofthe cellular membranes,including the transmembrane
traffic, membrane-related and transmembraneprocessesof andin the particular

cell types participating in the developmentof the LNR,such as phosphorylation,
hydrolysis of phosphoinositides, activation ofprotein kinases, activation of
phospholipase D.

(9) The mechanism(s) ofthe release as well as secretion ofvarious mediators, factors

and other compoundsby theparticular cell types participating in the develop-
mentof the LNR,such as classical degranulation, piecemeal degranulation, semi-
selective secretion, secretion and surface synthesis.

(10)The mechanism, role and significance of chemotaxis and phagocytosis in the de-
velopmentof the LNR and for the LNR.

(11)Therole and significance ofthe particular subsets of T lymphocytes, especially

CD+4 (Th, and Th,), CD+8, and natural killers in and for the LNR.

(12)Therole ofribonucleic acid (RNA) and deoxyribonucleic acid (DNA) as well as their

recombinantproductsin theintercellular traffic involved in the development ofthe

LNR.
(13)The participation and the role of the neurogenic system andits balance, including

its adrenergic (sympathetic) and cholinergic (parasympathetic) and the “third
nervous system”components in and for the LNR.

(14)Intracellular, intercellular and extracellular signal transduction.
(15)The antigen-processing and antigen-presenting system in the nasal mucosa and

the participation ofits parts and components in the development ofthe LNR.
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(16)Therole of the connective tissue cells, epithelial and endothelial cells in the LNR.
(17)Theparticipation of the nasal mucosal immunitysystem andnasal associated-

lymphatic tissue (NALT), including the secretory IgA (monomer, dimer), parti-
cular population and subsets ofT lymphocytes and their homing mechanisms,
andthe interaction of the NALT with bronchial (BALT), intestinal (GALT), skin
(SALT) and ear (EALT)systems, in the development of the LNR.

(18)Thepossible influence of the immunogenicity, antigen specificity, immunologic
balance and immunologic tolerance on the LNR.

(19)The pharmacologic modulation, manipulation and controlofthe LNR as well as
of its particular steps and components, which meanstheeffectsofthe particular
drugs and pharmacologic agents, not only of those which are already known and
used in practice, but also of those which will be synthetized in the future (specific
anti-mediators andspecific antagonists of particular factors and participants of
the immunologic cascades),
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IX. LIST OF ABBREVIATIONS

AAR

AB

Ab

AC

AC

ACE

ACP

AD

AE

Ag
AGEPC

ALL

APC

APR

AR

AR

AUC

BA

BAL

BALT

BDA

BM

BPT

Br

BT

BUD/BSA

C,--->,
CAM

cAMP

CAP

CCK

CCP

cGMP

CGRP

CD

Cl

cPALT

CR1,2,3,4,

CTAPIII

Da

DAF

DC

DSCG

DYAR

DYNR

DYSR
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Active anterior rhinomanometry

Asthmabrenchiale

Antibody
Allergic component

Adenyl cyclase
Angiotensin converting enzyme = peptidyl dipeptidase

Alternative complement pathway

Distilled water
Atopic eczema

Antigen

Alkyl glycerol etherphosphoryl-choline
Allergy/allergen
Antigen presenting cell
Active posterior rhinomanometry

Allergic rhinitis
Asthmatic response [IAR = Immediate, LAR = Late,
DYAR= Delayed Asthmatic Response]
Area under the (dose-response) curve

Bronchial asthma
Broncho-alveolar lavage
Bronchus-associated lymphatic tissue
Beclomethasone dipropionate aerosol/nasal spray

Balloon method (= BT= Balloon technique)

Bronchial provocation test(s) = Bronchial challenge

Bromide

Balloon technique (= BM = Balloon method)
Budesonide

Complement component 3--->7

Cell adhesion molecule
Cyclic adenosine monophosphate (=adenosine 3',5'-phosphate)

Capacity system (=measurementof specific Igk antibodies)
Cholecystokinin

Classical complement pathway
Cyclic guanosin monophosphate (=guanosine 3’,5'-phosphate)

Calcitonin gene-related peptide
Cluster determinantor cluster differentiation (= receptors =
molecules on the cell surface = cell membrane)

Chloride
Central part-associated lymphatic tissue

Complementreceptor 1,2,3,4

Connective-tissue-activating peptide II

Dalton(s) [the unit of relative molecular mass}

Decayaccelerating factor
Dendritic cell
Disodiumcromoglycate
Delayed asthmatic response

Delayed nasal response

Delayed skin response
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EAF

EALT

ECF-A

E-CEF

Echo

ECP

EDP

EDN

EDRP

EDTA

ELAM - |

Endo CAM

EPA

EpDRE
EPO

ESP

Fe

FcR

FEV,
FICH

EMLP (=fMLP)

G-protein(s)

GABA

GALT

GATA-1,-2,-3

GC

GCS

G-CSF

GM-CSF

GMP-140

GRP

GTP

H-receptors

HETE-5,-15

HHT

HLA

HMVEC

HMW

HRA-N

HRF

HRIF

5-HT

HUVEC

JAR

IC

Lc.

ICAM-1,-2

IFN-o.,B,Y

lg
1H

i}
il

ii}
il

{|
tl

Eosinophil activating factor

Ear-associated lymphatic tissue

Eosinophil chemotactic factor of anaphylaxis

Eosinophil cytotoxicity enhancing factor
Echography
Eosinophil cationic protein
Eosinophil differentiation factor
Eosinophil-derived neurotoxin

Endothelium-derived relaxantfactor (= endothelial relaxing factor)

Ethylene diaminetetraacetic acid
Endothelial cell leukocyte adhesion molecule-1
Endothelial cell adhesion molecule
Eicosapentaenoic acid

Epithelium-derivedrelaxantfactor
Eosinophil peroxidae

Eosinophil stimulating promoter
Cristallizable fraction of the immunoglobulin molecule

Membranereceptorfor Fe
Forced expiratory volume in 1 second

Foodingestion challenge
N-Formyl-Methionyl-Leucyl-Phenylalanine
Guanine nucleotide-binding protein
Gammaaminobutyric acid

Gut-associated lymphatic tissue
Nucleartranscription factor -1, -2, -3
Guanylate cyclase
Glucocorticosteroid
Granulocyte colony- stimulating factor(s)

Granulocyte - macrophage colonystimulating factor(s)
Granular membraneprotein-140

Gastrin releasing peptide
Guanosine triphosphate
Histamine-receptors (H1>H,-H;-)

Hydroxyeicosatetraenoic acid

12-hydroxy -5,8,10-heptadecatrienoic acid
Human leukocyte antigen
Human microvascular endothelial cell(s)

High molecular weight
Neutrophil-derived histamine releasing activity
Histamine releasing factor(s)

Histamine release inhibiting factor(s)

5-Hydroxytryptamine=Serotonin
Human umbilical vein endothelial cell(s)

Immediate(Earlyasthmatic response

Immune complex(es)

intracutaneous (=intradermal)

Intracellular adhesion molecule -1,-2

Interferon (a,b,y)

Lmmunoglobulin

[mmediate hypersensitivity
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IL 1-12
im,

INCAM-110

INR

IP,
ISR

IT

LV.

KL

VL

LAD

LAM-1

LAR

LGF

LECAM-1

LFA-1

LGL

LH

LMW

LNR

LPS

LSR

LTA,
LTB,
LTC,
LTD,

LTE,

LXA,

LXB,
LXC,

LXB,
LXE,
Mi
MAC

MBP

McAb

MCAP

meg

MCP-1

M-CSF

MC,
MCye
MDGF

MEP

mg

MGF

MGG

MHC I,II

MIP 2

ML/ml
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Interleukin 1-12
intramuscular
Inducible cell adhesion mollecule-110
Immediate(Early)nasal response

Inositol triphosphate
Immediate(Early)skin response

Immunotherapy
intravenous

Kit ligand = SCF (Stem cell factor)

Liter

Leukocyte adhesion deficiency
Leukocyte adhesion molecule-1
Late asthmatic response

Lymphocyte chemoattractantfactor
Lectin adhesion molecule-1
Leukocyte function-associated antigen-1
Large granular lymphocyte
Late hypersensitivity
Low molecular weight
Late nasal response

Lipopolysaccharides
Late skin response
Leukotriene A,

Leukotriene B,
Leukotriene C,

Leukotriene D,
Leukotriene E,

Lipoxin A,

Lipoxin B,

Lipoxin C,
Lipoxin D,

Lipoxin Ey

Muscarinic receptor 1,2,3

Membraneattack complex
Majorbasic protein
Monoclonal antibody

Monocyte chemotactic and activating factor
microgram = mg

Monocyte chemotactic andactivating factor
Macrophage colony stimulating factor(s)
Mastcell- subtype containing tryptase (=mucosal type)

Mastcell - subtype containing tryptase and chymase

Macrophage-derived growth factor
Middle ear pressure
milligram
Mastcell frowth factor = SCF (Stem cell factor)

May-Griinwald Giemsa

Major histocompatibility complex I,II

Macrophage inflammatory peptide

Milliliter

MPO

mRNA

NAF

NALT

NANC

NAP -1,-2

NAR

NCA

NCF

NCF-A

NDA/NDS/NS

NEP

NHT

NK

NK, 2.3
N

NKB

NMBrT

NMChT’

NPG

NPT

NPY

NR

NS

NSAID

N-SH

OMS
4c
P
F

AP
PAF
PADGEM
PAR

PBS

PCy

PECAM-1
PG
PGD,
PGE,
PGE,
PGG,
PGH,
PGI,
PHI
PHM
PI
PKC
PLA,
PLC

il
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Myeloperoxidase
Messengerribonucleic acid
Neutrophil activating factor
Nose-associated lymphatictissue

Non-adrenergic, non-cholinergic nervous system

Neutrophil activating peptide -1,-2
Nasal airway resistance
Neutrophil chemotactic activity
Neutrophil chemotactic factor
Neutrophil chemotactic factor of anaphylaxis
Nedocromil Sodium

Neutral endopeptidase = enkephalinase
Nasal histamine threshold

Natural killer

Neurokinin receptor-1,-2,-3

Neurokinin A
Neurokinin B
Nasal methacholine bromide threshold
Nasal methacholine chloride nasal threshold
Nasopharynx-nostril-pressure gradient(in em H,O)
Nasal provocation test
Neuropeptide Y
Nasal response
Nasalsecretions
Non-steroidal anti-inflammatory drugs
Non-specific hyperreactivity

Otitis media secretory = Secretory otitis media (=SOM)
a “p”value (statistic parameter)
Pressure

Delta-pressure = pressure difference(s)

Platelet activating factor(s)

Platelet activation dependent granule-external membraneprotein
Passive anterior rhinomanometry
Phosphate buffered saline

Provocative concentration, causing 20%fall in FEV

Provocative dose, causing 20%fall in FEV
Platelet-endothelial cell adhesion molecule-1
Prostaglandin
Prostaglandin D,

Prostaglandin E.,
Prostaglandin F.,.,
Prostaglandin G.,
Prostaglandin H,
Prostaglandin L,
Peptide histidine isoleucine

Peptide histidine methionine
Phosphoinositide (3-kinase)
Protein kinase C

Phospholipase A,

Phospholipase C
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PLD

PRIST

RANTES

RAST

rh

rhSCF

R,(RL)
Ry (Rn)
RNA

Rp (RR)
SALT

SBT

SCF

SD

SE

SEM

SOM

SOM

SP

'TAME-esterase

TCR

TGF

Th,

Th,

TNE (a, B)
TPA
TXA,
TXB,
VAP-1
VC
VCAM-1
VIP
VLA
V

V-P
V-P
X-ray
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Phospholipase D

Paper-radio-immuno-sorbenttest (estimation ofthe total IgE
antibodies concentration)

Protein (regulated upon activation, normal T-cell expressed and
secreted) from human

Radio-allergo-sorbent test (=estimation ofthe allergen-
specific IgE antibodies concentration)

Recombinantvariant of a compound/factor

Recombinant humanstem cell factor

Resistance ofthe left side ofthe nose
‘Total nasal resistance

Ribonucleic acid
Resistance of the right side of the nose
Skin-associated lymphatic tissue
Salbutamol

Stemcell factor
Standard deviation

Standard error
Standard error ofthe mean
Somatostatin

Secretory otitis media (=OMS)
Substance P
N-a-tosyl-L-arginine methyl esther
T-cell receptor (o/B or y/5)

Transforming growth factor (0.,B,B, )
‘T-lymphocyte of the helper cell subset, type 1 (IL-2, IFEN-y, TNF-B,
IL-3, GM-CSF)
‘T-lymphocyte of the helpercell subset, type 2 (IL-4, IL-5, IL-6, IL-10,
IL-3, CG-CSF)
Tumornecrosisfactor (cB)

Tissue plasminogen activator

Thromboxane A,

Thromboxane B.,

Vascular adhesion protein-1

Vital capacity
Vascularcell adhesion molecule-1

Vasoactive intestinal peptide
Very late activation factor(-2,-5,-6)

Flow

Flow-Pressure

Volume-Presure

Roentgenogram
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XI. SUMMARY

The aim ofthis thesis is the comprehensive presentation ofthe clinical phenomenon
"late nasal response" [LNR], including results of our own studies, some of them belon-

ging to the fundamental and"first hour" work onthisfield, and of other investigators’
results; to review the present knowledgeofthis phenomenonandfinally to discuss the
possible immunologic mechanism(s) underlying this clinical phenomenon.

CHAPTER |. INTRODUCTION

Allergic rhinitis, a non-infectious disorder, can be characterized bya variety of symp-
toms and complaints, such as nasal obstruction (blockage) due to the swelling of the

nasal mucosa, hypersecretion, sneezing and itching. The nasal symptomscan be caused
by twodifferent basic mechanisms, an allergy component and a non-specific hyperreac-
tivity component, both ofwhich participate in the samepatient to various degrees and
ratios. Both the components can exist one beside the other in the same patient, but
neither can be regarded as a necessary conditionfor the other.
The allergy componentis due to a variety of immunologic mechanism(s), beginning

with an antigen-antibody/T-cell interaction, influencing the immuno-competent/target
cell, a process leadingto the release of the mediators and otherfactors acting then on
the variouseffector organs(e.g. smooth muscles, mucosal glands, gobletcells, epithelial

cells, endothelial cells, receptors, neurosynapses,capillary network etc.). The combined
responseofthe effector organsresults ina variety of the clinical symptoms being char-
acteristic for the particularallergy disorder(s). The allergy component can beofa
seasonal or non-seasonal (perennial) character, dependingon thekind ofallergens
involved. Threeof the four basic types of hypersensitivity (Type l-immediate, TypeIII-
late and Type IV-delayed) can be involvedin the production of the rhinitis symptoms.

The particular types of the nasal response (immediate (INR) late (LNR), delayed

(DYNR)can be demonstratedbythe nasal provocation (challenge) with allergen.
The non-specific hyperreactivity component maylead to a partly comparable spec-

trum ofnasal symptomswith that caused by the allergy component, however, without
anyinitial antigen-antibody/T-cell interaction. The non-specific agents (small molecu-

lar chemical compounds,physical factors, temperaturedifferences, vapours, smoke,
perfumes,etc,affect either (1) the immuno-competent/targetcell directly, this causing
the non-specific mediatorrelease, or indirectly, through the stimulation of the nasal
mucosalsensory nerves, resulting in the activation and/orrelease ofvarious neuropepti-

des which thenaffect the immuno-competent/target cell; or (2) they act via stimulation
of mediator precursors leadingfirstly to the stimulation ofthe mediator production,
whichthen act directly on the effector organs and secondly leading to the feed-back
inhibition of these mediators and/or immuno-competentcells; or (3) they act directly

on the effector organs andtheir receptors. Nasal challenge with histamine (serotonin,
acetylcholine, methacholine, cold air etc.) may simulate and confirm the involvement of

the non-specific hyperreactivity and its degree in the nasal complaints of the rhinitis

patient.
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The nasal provocationtests with allergen (NPT) became widely accepted notonly as
an important research model for studying the pathophysiologic and pharmacologic

aspects of the nasal mucosa, butalso as one ofthe important "in vivo"diagnostic tests

for the detection anddefinite confirmationofthe allergic component, the role of the

particular allergen in the nasal complaints, the existence of the particular type of the

nasal response to a certain allergen and finally the role of nasal mucosaallergy in the

responsesofthe related organs, e.g. paranasal sinuses, middle ear, bronchialtree etc.

CHAPTER||. LATE NASAL RESPONSE[LNR]

The"late nasal response" [LNR] occurring in approximately 41%ofthe rhinitis
patients, appears within 4-8 hours, reaches its maximumwithin 6-12 hours and resol-

ves within 12-24 hoursafter the allergen exposure(challenge).
The LNRis characterized by a variety of nasal complaints, the severe nasal blockage

(obstruction) being the most prominent one, while the other symptoms(hypersecre-

tion, itching, sneezing) are present to a lesser degree.
Thedefinite confirmation of the existence of the particular types of the nasal response

due to a certain allergen, among others the LNR, and their participation in the nasal

complaints ofthe individual patient, can only be provided bythe nasal provocation test
(=nasal challenge) with allergen [NPT]. The most importantaspect ofthe NPT is the
comparisonofthe objective parameters and subjective complaints before, and repeated-
ly after the challenge with a certain allergen. The nasal response to an allergen (non-
specific hyperreactivity agent) can be recorded and assessed by various methods and
techniques, such as (1) recording of subjective complaints by means of a symptom
score; and (2) recording of the objective parameters, related to the changed aerodyna-
micsin the nose due to the increased nasal obstruction (=blockage) caused by the

swelling (edema) of the nasal mucosa, whichis a result of the antigen-antibody) T-cell
interaction. The techniques recording objective nasal parameters can be divided into:
(1) nasal peak-flow measurement; (2) plethysmography; (3) rhinomanometry (anterior,
posterior, combined and/or modified techniques, performed either an active or a
passive manner); (4) non-rhinomanometry techniques, such as recording of the nasal
blood flow by Dopplervelocimetry, the 133Xenon wash out technique, acoustic rhino-
metry, nasometry,etc.

The NPT can be supplementedby a variety of other "in vivo" as well as "in vitro"
diagnostic parameters and functions, which can supplement the measurementofthe
LNRor which are able to confirm the causal role ofthe LNR in the secondary response

of the otherrelated organs.
The LNRcanregularly be associated with other diagnostic parameters, such as: -

positive disease history (in 23%), - rhinoscopic changes(in 90%),- late skin response

(in 65%), increased serum concentrationoftotal IgG (in 51%), increased blood cosi-

nophil count(in 23%), increased blood leukocyte count(in 13%), increased nasal

responsiveness to histamine (in 15%), methacholine chloride (in 11%), methacholine

bromide (in 9%), and precipitating antibodies in the serum, mostly IgG, sometimes

IgM.
The LNRcanalso be accompanied by symptomsin and ofother organs, in which it
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mayplay a (causal) role, such as headache, conjunctival symptoms, palpebral edema,

middle ear response, paranasal sinuses response, bronchial obstruction and general

malaise symptoms.
The LNRcan be caused bya large variety of inhalantallergens. The nasal secretions

(NS) represent a very interesting and useful medium for the supplementary aspects of

the LNRfrom cytologic, immunologic, biochemical, biophysical and other points of

view.

Thepositive LNRis usually accompaniedbysignificant changes in the count of
neutrophils in 84%ofthe cases (increase immediately before, decrease during the

developmentand increase during the resolving of the LNR), eosinophils in 58%(incre-
ase immediately before, and decrease during the appearance of the LNR), epithelialcells

in 73% (increase followed by decrease, runningparallel with the course of the LNR),
goblet cells in 63%(increase followed by decrease), basophils in 8% and lymphocytes in
6%ofthe cases (both the cell types demonstrate a slight increase in their count during

the LNR). No significant changesare usually recordedin the counts of othercell types
in NS during the positive LNR.

In mostneutrophils (94%) eosinophils (49%) and basophils (3%) appearing in the

nasal secretions during the positive LNR,variouscellular and intracellular changes, such

as degranulation or disappearance ofthe cytoplasmic granules, vacuolization, diminis-

hed intake ofstain, wrinkling ofthe cellular membrane, sometimesalso cell disruption,

have been recorded.
Thepositive LNR may be accompaniedby appearanceofthe total IgG antibodies in

the nasal secretions in 46% ofthe cases and by a decrease in the IgG concentration in
the NS during the LNR in 33% ofthe cases. Neithersignificant concentrations nor

significant changesin the concentrations ofthe immunoglobulinsofother classes have
been recordedin the nasal secretions and blood serum duringthe positive LNR.

The LNR may be accompaniedby increased concentration of some mediators and
compoundsin NS, such as kinins, TAME-esterase (N-a-tosyl-L-arginine methylester),
leukotrienes B, (LTB,), C, (LTC,), Dy (LTD4); Ey (LTE,), major basic protein (MBP),

eosinophil derived neurotoxin (EDN), bradykinin, lysylbradykinin, eosinophil cationic
protein (ECP), neutrophil chemotactic factor (NCF), prostaglandin (PGF,,,) and his-

tamine. However, controversial results have been reported concerning the detectable
amounts of histamine andthesignificant changes in its concentrationin the NS during
the positive LNR.

The biochemical and biophysical aspects of the nasal secretions during the positive
LNRhavenotyet been studied sufficiently. There is a great dearth of knowledgeonthis
topic.

‘The positive LNR may be accompaniedby the following histologic changes in the

nasal mucosa (=biopsy) as compared with the "pre-challenge”baseline: (1) The edema-
tic epithelium with damaged compactness, enlarged intercellular spaces, sporadic

breachesfilled with fluid, sporadic empty holes on the epithelial surface due to the
release ofsome epithelial and gobletcells from the epithelial context; (2) The basement
membranewith irregular compactness andsingle breaches; (3) The edematic sub-epi-
thelial layer oflamina propria containing mixed eosinophil-neutrophil infiltrates and
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sporadically single mast cells, basophils, monocytes and lymphocytes; (4) A perivascular

edema, dilatation ofthe terminal partsofthecapillaries and sporadic rupture of the
small capillaries with erythrocyte expulsion. Thehistologic changes recorded in the
nasal mucosa during the positive LNR maybe qualified as a slight reversible tissue

damageof the nasal mucosa with some inflammatory components.

CHAPTERIll. THE "LATE NASAL RESPONSE" TO FOOD.

The role of foodallergy, and of food in general, in subjects with variousallergic
disorders, among others in patients with nasal symptoms and complaints, has already
been repeatedly reported. Three basic types ofnasal response, following the food inge-
stion challenge, have been recorded: (1) an immediate/early response [INR/ENR],

appearing within 70 minutes, peaking within 105 minutes andresolving within 180
minutes; (2) a late response [LNR], beginning within 6 hours with a peak within 10

hours andresolving within 24 hours; (3) a delayed response [DYNR], starting within

24-28 hours, peaking within 32-36 hours andresolving within 48-52 hoursafter the
food ingestion.
The LNR caused by "adverse reactions to foods” (the foodallergy being one of the

suspect mechanisms), should be regarded as a special formof the LNR.

The LNR occursin approximately 47% of the patients with allergic rhinitis andis
associated with a variety of other "in vivo" and "in vitro" diagnostic parameters, such as:
positive clisease history in 29%,positive late skin response in 48%,increased total IgG

antibodies in the serum in 24%, increased blood eosinophil count in 8%, increased

blood leukocyte count in 9%, nasal symptoms, predominantly nasal obstructionin

96%, followed by itching in 51% and hypersecretion in 14%, aspect of the nasal muco-

sa: hyperemic in 23%,violaceous in 76%, changes in the count ofeosinophils in 63%, of
neutrophils in 89%, of epithelial cells in 46%, goblet cells in 51% and basophils in 15%
in the nasal secretions.

Similarly to the LNR due to the "inhalant’allergens, the LNR due to the food ingested
can regularly be accompanied by symptomsand responses in other organs, such as

headache, migraine, conjunctival symptoms, middle ear response, bronchial obstruc-

tion, paranasalsinus response, gastro-intestinal symptoms, and general malaise com-
plaints.

‘The positive LNR due to the food ingested can be prevented highly significantly by
oral Disodium cromoglycate (DSCG, Cromolyn, Nalcrom®), oral glucocorticosteroids

(GCS)andpartly intravenous GCS, whereas oral H, - as well as H,-receptor antagonists
and nasal topical GCShave not been ableto affect this form of LNRsignificantly.

CHAPTER IV. PHARMACOLOGIC MODULATION OF "LNR".

The positive LNR due to the "inhalant" allergens can be prevented significantly by
topical (intranasal) Disodium cromoglycate (DSCG, Cromolyn), topical glucocorticos-

teroids (GCS), oral corticosteroids and topical Nedocromil Sodium (NDS/NS), whereas

mostofthe H, - and H,-receptorantagonists (antihistamines) did not demonstrate any

significant effects on the LNR.

DSCG,GCS and NDShave also demonstrated significant protective effects on the
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particularcell types appearing in the nasal secretions during the LNR by decreasing
their counts (or preventing the increase in their count) and by preventingthe develop-
mentofvariouscellular and/or intracellular changes in thesecell types.

CHAPTER V. DIFFERENTIAL DIAGNOSIS.

The LNRdiffers substantially from the immediate/early nasal response [INR/ENR]
and the delayed nasal response [DYNR] with respect to (1) the clinical characteristics,
such as the time-course, symptomatology, appearance of the nasal mucosa,association

with other"in vivo" and "invitro" diagnostic parameters and appearance of symptomsin
other organs accompanyingtheparticular response type; (2) the morphologic characte-

ristics, such as cytologic changes in the nasalsecretions, and histologic changesin the
nasal mucosa, associated with the particular type of nasal response; (3) the immunolo-
gic features, such as appearanceofthe particular classes and sub-classes of the immu-

noglobulinsin the nasal secretions as well as in the blood serum and/or blood plasma

and the changesin their concentrations, and the appearance ofparticular mediators
and/or other compoundsandfactors in the nasal secretions and/or in the blood and the
changesin their concentrations duringthe particular types of nasal response; (4) the
pharmacologic modulation and controlofthe particular types of nasal response as well
as the effects of individual drugs (=pharmacologic agents) on the particular nasal
response types.

CHAPTER VI. REPRODUCIBILITY AND CREDIBILITY OF THE
"APPLICATION METHOD" AND THE "BALLOON
TECHNIQUE".

The "application method", this meansthe application ofthe allergen on the nasal
mucosa by means of a wad of cotton wool on a nasal probe placed under the medial

conchafor a certain interval oftime (mostly for 3 minutes), and the "balloon method"
of rhinomanometry by means ofwhich the nasal parameters have been recorded and
the degree ofthe nasal obstruction (=nasal blockage) assessed, used by us, have been
investigated with respect to their reproducibility and credibility (appearanceofartefacts,
mechanicalirritation ofthe nasal mucosa,stability of the base-line, comparison with
other techniques of rhinomanometry).

In three groupsofpatients [non-rhinitis subject; subjects with allergic rhinitis de-
monstrating only immediate nasal response to "inhalant"allergens, but with normal
(non-decreased) nasal histamine threshold; subjects with nasal complaints duesolely to
the non-specific hyperreactivity represented by the decreased nasal histamine threshold,

but withoutparticipation ofany form of allergy component], the followingtests have

been performed:(1) The recording of the baseline NPG parameters duringa sufficiently
longinterval of time; (2) After the repeated baseline, the dry wad of cotton wool on the
nasal probe has been introduced into the non-connected nostril under the middle tur-

binate for 3 minutes, followed by the recording ofthe NPG parameters; (3) The wad of
cotton wool on the nasal probe saturated with Phosphate buffered saline (PBS) has been
applied on the samelocation for 3 minutes, followed by the recordingofthe NPG para-
meters; (4) The nasal threshold for histamine has been determined again. With respect
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to the results, it has been concludedthatthe "application method"ofthe allergen used

by us has not produced anysignificant artefacts, mechanical irritation of the nasal

mucosa,or anysignificantinfluence on the nasal provocation tests and their results.
The "balloon technique" has been compared with the "flow-pressure" technique

(active posterior rhmomanometry) in one group ofpatients with allergic rhinitis, before
and after the allergen challenge, and with "PAR" (passive anterior rhinomanometry) in

another groupofpatients with allergic rhinitis before and afterthe allergen challenge
(=before and during the positive immediate nasal responseto allergen challenge = INR).
Nostatistically significant differences have been foundeither between the INR recorded
bythe "balloon technique and the INR recorded by the "flow-pressure" technique or the
INRrecorded by the "PAR". Moreover,the baselines recorded bythe "balloon techni-

que"in pollen-related allergic rhinitis patients and the non-allergic subjects did not

differ significantly during a 12-hour period.

CHAPTER VII. POSSIBLE MECHANISM(S) UNDERLYING THE "LNR".

The various pathogenetic and immunologic mechanisms, which may presumably
underlie the clinical phenomenon "LNR"have been discussed fromvarious points of

view and our own data concerningthis topic have been compared with other investiga-

tors‘data and general knowledge onthisfield.
Furthermore, the involvementofthe late type hypersensitivity mechanism(s) on one

hand and ofthe immediate hypersensitivity mechanism(s) and their parts and compo-

nents on the other handin the clinical LNR have been considered, compared and

discussed.
The LNR should beregarded as a clinical phenomenon,defined by the appearance of

nasal symptoms and complaints, predominantly nasal obstruction, accompanied by

other symptoms and changes, within 4 to 12 hrsafter the allergen exposure(antigen-

antibodyinteraction or challenge), which can be induced by a complex mechanism.

Although the pathogenetic and immunologic mechanismsleading to the LNR can be
different, the late type hypersensitivity should be regardedas oneofthe possible mecha-

nisms involvedin the clinical LNR, butis far from beingthe only one.
Thepossible role and involvementofvarious componentsofthe late hypersensitivity

mechanism(s), either through the complex pathwaysortheir participation as individual

and single components in the patho-mechanism leading to the developmentofthe clin-

ical LNR, cannot be excluded. The presumed componentsare asfollows: (1) immune

complexes; (2) complement system andits parts, such as classical complement pathway,

alternative complementpathway, the membraneattack complex, receptors for comple-
ment components on the membraneofvariouscell types; (3) IgG and/or IgM antibo-

dies; (4) particularcell types, such as neutrophils, platelets, eosinophils, mastcells and
basophils (including histaminereleasing factors, cytokines, stem cell factors, neuropept-
ides and various compounds activating the mast cells and basophils).
Moreover the innervation and neurogenic controlof the nasal mucosa, including

neuropeptides as neurotransmitters in the human nasal mucosa, could, under certain

circumstances, be involved in the developmentofthe general conditions ofthe nasal
mucosa then allowing expression of somesteps of the immunologic pathways in the
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human nasal mucosa,

Ontheother handthe possible role and involvementof various components of the
immediate hypersensitivity mechanism(s), either throughthe classical pathwaysor as

single components in the developmentof the late-phase reactions, amongothersin

LNR,hasalready been suggested by someinvestigators. The presumed components are

as follows: (1) The antigen-specific IgE antibodies; (2) The mastcells and basophils.

However, our results would not support the proposed unequivocalrole ofthe IgE

antibodies as well as mastcells and/or basophils in the developmentofthe clinical LNR.

CHAPTERVIII. GENERAL DISCUSSION

Thedetection and definite confirmationofthe existence of particular types of the na-

sal response, among others the LNR, due to a certain allergen, andtheir participation in
the nasal symptomsofthe individual patient, can only be provided by the nasal provo-
cation tests [NPT] (=nasal challenge) with allergen. The NPTis also the only technique
to discriminate the allergy componentdueto the allergen from the non-specific hyper-
reactivity due to the non-specific agents, being simulated by the nasal challenge with
histamine, methacholinesor coldair.

The NPT canbe considered notonly as an important research technique and model

for the investigation of the pathophysiological and pharmacological aspects of the nasal

mucosa, but also as an importantpart ofthe routine diagnostic procedureoftheallergic

disorders in the nose andofthe possible role of the nasal allergy in the related organs.
The most important aspect of the NPTis the comparison ofthe objective parameters
and simultaneously also subjective complaints before and repeatedly after the challenge
with a particular allergen (or non-specific agent).

There are three basic types of the NPT; (1) NPT with allergen, confirmingtheallergy
componentin the nose and theexistence ofa certain type of nasal response dueto a
certain allergen; (2) NPT with non-specific agents or the simulators, such as histamine,

methacholines,cold air, confirming the non-specific hyperreactivity in the nose andits
participation in the nasal complaints; (3) NPT in combination with pharmacologic
agents, so-called "nasal protection tests’, which may conform or exclude theeffects ofa
certain drug on the nasal symptomsand the nasal response of a certain type due to a
certain allergen or non-specific agent.

The NPT should meet some necessary requirements and conditions, these being that
they should be safe, reproducible, sufficiently sensitive, free of artefacts, as comfortable
as possible for the patient as well as for the technician,reliable with respect to the

application of the allergen/non-specific agent(e.g.effective but not dangerous dose).
The basic indications for the NPT include the conformation ofthe role of a certain

allergen/non-specific agentin the nasal complaints ofthe particular patient, the confir-

mation of the existence ofthe particular type of the nasal response, the discrimination
of the allergy component and the non-specific hyperreactivity component, the establish-

mentofthe dose-response and time-response curves, the demonstration of the involve-
mentofthe nasal mucosa and nasalallergy in the response ofthe other(related) organs,
the investigation ofpossible effects of certain drugs on the nasal allergy and/or the
particular types of nasal response, the monitoring of immunotherapy,andfinally va-
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rious research purposes.
Theapplication of the allergen or non-specific agent to the nasal mucosa can be per- ae2

formed by various methods, each of them having specific advantages and disadvantages, Chapter XT
such as dropping ofthe particular extracts or dilutions, aerosolization method, use of Chapter XII

micropipettes, by means of impregnated paperdiscs or cuvettes inserted into the nose, Chapter XU
or by meansofa wad ofcotton wool on a nasal probe saturated with the appropriate Chapter XIV
extract and placedin the nose.

Thenasal response dueto the challenge with an allergen or non-specific agent may be
recorded by meansofvarious techniques, such as anterior rhinoscopy, recording ofthe
subjective complaints or recording of the objective parameters, mostly nasal airway res-
istance (NAR). Thelatter techniques can be divided into 5 groups: (1) nasal peak-flow
measurement; (2) plethysmography; (3) rhinomanometry (anterior, posterior, active,

passive, combined and/or modified techniques); (4) acoustic rhinometry; (5) non-rhi-

nomanometry techniques, such as recording of nasal blood flow using Doppler veloci-

metry, or }33Xenon washoutclearance technique, acoustic rhinometry and nasometry

measuring the resonance ofthe subject's voice.

The NPTandtheir diagnostic value cannotbe replaced by other diagnostic tests and

procedures, such as skin tests, PRIST/RAST,etc, with respect to their limitations and to
the limited transfer of the conclusions drawn on one organ, for another organ.
The LNRrepresents a largely pronounced, howeverreversible, and "within the time"

gradually developing immunologic event in the nasal mucosa, wherealso the lower
layer of the nasal mucosa, other mucosal structures, such as bloodcapillary network,a

variety of the cell types, including basophils, eosinophils, neutrophils, epithelial and
goblet cells, and monocytes, and IgG (IgM) antibodies may participate. The LNRis

regularly accompanied by the formation of the eosinophil-neutrophil infiltrates in the
deeper mucosallayers, and by a slight, howeverreversible, epithelium damage with
involvement of some inflammatory components.
The LNRrepresents aneasily accessible model for studying the hypersensitivity me-

chanisms from variouspoints ofview, such as immunological, cytological, biochemical,
biophysical, pharmacological and therapeutic, which can berelated not only to the cer-
tain allergen, but also to the clinical course of the LNR, and to various changes in the
nasal mucosal membrane. Moreover, the LNR caneasily be produced and reproduced,
and is associated with a very limited numberofrisks, and therefore may be considered

as a safe clinical research model.

Despite the fact that a lot of data has already been gathered and generated, the LNR
still remains an important and interesting clinical phenomenon, which needs more
concurrentclinical and immunological studies to clarify the mechanisms underlying
this clinical phenomenonandto improve our understandingofits clinical significance.
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The late nasal response

SAMENVATTING

Het doel van dit proefschrift is om een complete presentatie te geven vande huidige
kennis van het Klinische fenomeen "late nasale respons” [LNR]. Omdit doel te bereiken

zijn naasteigen studies ook onderzoeksresultaten van anderen gebruikt, waarvan som-

mige fundamenteel en van het "eerste uur" zijn. De immunologische mechanismen die
mogelijk een rol spelen bij de LNR wordenhier besproken.

HoofdstukI.

INTRODUCTIE

Allergische rhinitis is een niet-infectieuze aandoening, die gekenmerkt wordt door
een aantal typische symptomen,zoals neusobstructie, hypersecretie, niezen en jeuk in de

neus. Deze neussymptomen kunnenin principe veroorzaakt worden doortwee vol-

strekt verschillende basismechanismen:een allergie en een aspecifieke hyperreactiviteit.

Beide mechanismen kunnen bij de neusklachten van dezelfde patiént in diverse grada-
ties voorkomen, Beide kunnennaastelkaar bestaan bij dezelfde patiént, maar geen van
beide functioneert als een noodzakelijke voorwaarde voor de ander.

Diverse immunologische mechanismen kunnen ten grondslag liggen aan deallergi-
sche reactie. Het basisschemaisals volgt: de allergische reactie begint met een antigeen
(allergeen)-antilichaam/T-cel-interactie, die invloed uitoefent op de immunocompeten-
te doelcel. Dit proces leidt tot het vrijkomen, eventueel na nieuwe synthese, van een
aantal mediatoren en andere factoren,die hun inyloed uitoefenen op zogenoemde
effectororganen. Dit kunnen b.v. gladde spiercellen zijn in organenofin de capillaire
bloedwand,slijmvliesklieren, epitheel-, endotheel- en bekercellen, diverse weefsel- en
cellulaire membraangebonden receptoren, neurosynapsen,capillaire netwerken, evenals

andere celtypen, die zich in het weefsel of in de bloedcirculatie bevinden. De gecombi-

neerde respons, gevormd door de individuele responsen van de effectororganen, mani-

festeert zich door middel van klinische symptomen, die karakteristick zijn voor de
betreffende allergische aandoening.

Deallergie kan seizoensgebonden ofniet-seizoensgebonden ("perennial") klachten en

symptomen geven.Dit is afhankelijk van het soort allergeen. Er bestaan 4 basistypen van
allergische (hypersensitiviteit)reacties: (1) de type I- ofwel "directe" reactie; (2) de type
II- ofwel "cytotoxische" reactie; (3) de type ITI- ofwel "late" reactie (Arthus fenomeen,

vorming van immuuncomplexen); (4) de type IV- ofwel "vertraagde" ("delayed", celge-
medieerde) reactie. Drie van deze vierbasis allergische reactietypen,de typenI, III en

IV, kunnenbetrokkenzijn bij de allergische rhinitis. De individuele neusresponstypen,
met name de directe (INR), late (LNR) en vertraagde (DYNR) respons, kunnen gede-
monstreerd worden door middel van de neusprovocatietest met allergenen.

Hetaspecifieke hyperreactiviteitmechanisme wordt niet geinitieerd door een anti-
geen-antilichaaminteractie, maar door aspecifieke prikkels: klein-moleculaire chemische
en fysische factoren, zoals temperatuursveranderingen, dampen, tabaksrook, parfums

etc. Dit gebeurt op 3 mogelijke manieren:(1) de aspecifieke prikkels beinvloeden de
immunocompetente doel-cellen ofwel (a) op directe wijze, waardoor mediatoren
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vrijkomen("non-specific release of mediators"), ofwel (b) op indirecte wijze via de
stimulatie van "sensory nerves", wat resulteert in de activering en/of het vrijmaken van
diverse neuropeptiden,die daarna de immunocompetente doel-cellen secundairbein-
vloeden; (2) de aspecifieke prikkels stimuleren in eerste instantie de precursoren van de
mediatoren, wat leidt tot (de stimulatie van) de aanmaak van de mediatoren, die vervol-

gens de effectororganendirect beinvloeden. In tweede instantie leidt deze stimulatie tot
de feed-back inhibitie van deze mediatoren en/of de immunocompetentedoelcellen; (3)

de aspecificke prikkels beinvloeden direct de effectororganen en hun receptoren.
De aspecificke hyperreactiviteit leidt via deze mechanismentot de ontwikkeling van

de neussymptomen,die gedeeltelijk kunnen overeenkomen met de neussymptomen
yeroorzaakt door deallergie.

De neusprovocatietests met histamine, serotonine, acetylcholine, methacholines,
koude lucht,etc., simuleren en bevestigen de participatie van de aspecifieke hyperreacti-

viteitcomponenten het aandeel van deze componentin de nasale symptomen van de
rhinitispatiént.

De neusprovocatietests met allergeen alsook met aspecifieke prikkels worden steeds
meer geaccepteerd en gewaardeerd,nietalleen als een belangrijk onderzoeksmodel voor

het bestuderenvan de pathofysiologische en farmacologische aspecten van het neus-
slijmylies, maar ook als een van de meest belangrijke "in vivo'-diagnostischetests voor
de detectie en definitieve bevestiging van de rol van deallergie en de aspecificke hyper-
reactiviteit bij de rhinitisklachten van de individuele patiént. De neusprovocatie met

allergenen is de enige onderzoeksmethode waarmee menhetbestaan van een bepaald
type van neusrespons,veroorzaakt door een bepaald allergeen, kan aantonen en onder-

scheiden van de andere neusresponstypen. De neusproyocatietest is bovendien de enige
methode waarmee de mogelijk causale rol van het neusslijmvlies of yan de nasale aller-
gie bij de respons van andere organen kan worden aangetoond, bijvoorbeeld bij hoofd-
pijn, migraine, otitis media, conjunctivitis, of een astmatische responswaarde nasale

allergie een primaire rol kan spelen.

Hoofdstuk II.

LATE NEUSRESPONS[LNR]

De "late neusrespons" [LNR] manifesteert zich bij ongeveer 41% van de patiénten
met allergische rhinitis. Deze responsbegint na 4-8 uren, bereikt een maximum binnen

6-12 uren eneindigt 12-24 uren na deallergeen- expositie.
De LNR kan gekarakteriseerd worden door diverse neussymptomen, waarvan de

neusobstructie het prominenste symptoom is. Andere neussymptomen,zoals hyperse-

cretie, niezen en jeuk in de neus, treden duidelijk minder frequentop.

Hetbelangrijkste aspect van de neusprovocatietests is de vergelijking van de subjectie-
ve klachten en de objectieve nasale parameters voor en herhaaldelijk na de neusprovo-

catie met een bepaald allergeen. De neusrespons, die wordt veroorzaakt door een

bepaald allergeen of dooreen aspecifieke prikkel, kan worden gemeten en geregistreerd
doortal van methoden en technieken, zoals: (1) de beoordeling van subjectieve klachten

door middel van eenscore, (2) de meting en registratie van objectieve parameters, die
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gerelateerd worden aande veranderingen van de aérodynamiekin de neus, die worden
veroorzaakt door de toenemende neusobstructie als gevolg van het oedeem van de
nasale mucosa, De meettechnieken waarmee de neusslijmvliesreacties beoordeeld
kunnen wordenzijn: (1) nasale "peak-flow"-meting; (2) plethysmografie; (3) rhino-
manometric in diverse uitvoeringen,b.v. in actieve of passieve vorm ten opzichte van de
patiént of als anterieure, posterieure, gecombineerde of gemodificeerde techniek, afhan-
kelijk van de meetlocatie in de neus; (4) "akoestische rhinometrie"; (5) niet-rhinomano-
metrietechnieken,zoals "nasale blood-flow"-meting door middel van "Doppler veloci-
metrie” of de "!33Xenon wash-outtechnick".
De neusprovocaties kunnen worden aangevuld met de bepaling vantal van andere "in

vivo"alsook "in vitro" diagnostische parameters en functies om de resultaten nauwkeuri-
gerte definiéren ofom de primaire rol van de neusrespons (LNR), b.v. bij de secundaire
respons van andere (verwante of aangrenzende) organen te bevestigen.

Procentueel gezien is het gecombineerd voorkomen van LNRen andere diagnostische
parameters als volgt: positieve anamnese in 23% van de gevallen, rhinoscopische afwij-
kingen (90%),late huidrespons (65%), verhoogde concentratie vantotaal IgE in het
serum (6%), positieve specifiek IgE in het serum (9%), verhoogde concentratie van
totaal IgG in het serum(51%), verhoogd aantal bloedeosinofielen (23%), verhoogd
aantal bloedleukocyten in (13%), verlaagde drempelin de neus voor histamine (15%),
methacholine-chloride (11%) en methacholine-bromide (9%), positieve precipiterende
antilichamenin het serum, meestal van de IgG-, soms van de IgM-klassebij sommige
specifieke LNRtypen,b.v. voor extracten van vogelmest,tot 80% van de gevallen.
De LNR kanookeen(primaire) rol spelen bij het ontstaan van een secundaire

respons van andere organen, waardoorparallel aan de LNR de volgende klinische
verschijnselen kunnen optreden:cefalgie, migraine, conjunctivale symptomen, palpe-
braal oedeem,otitis media (secretoir), reactie van de paranasale sinussen, bronchusob-
structie, algemene malaise etc.

De LNRkan ontstaan na de expositie aanverschillende "inhalatieallergenen". Deze
zijn alle even geschikt om een LNRte veroorzaken.
Het neussecreet (NS) kan men beschouwen als een zeer interessant en bruikbaar

medium voorhet bestuderenvandiverse cytologische, immunologische, biochemische
en biofysische parameterstijdens de LNR.

De positieve LNRis meestal verbonden metsignificante veranderingen in de aantallen
van individuele celtypen,zoals van de neutrofielen in 84% van de gevallen (verhoging
onmiddellijk voor het verschijnen van de LNR,daling tijdens het maximum van de LNR,
en weer verhogingtijdens de aflopendefase van de LNR), eosinofielen in 58%(verhoging
onmiddellijk voor het verschijnen yan de LNR en dalingtijdens de ontwikkeling van de
LNR),epitheelcellen in 73% (verhoging gevolgd door daling, parallel verlopend aan de
LNR), bekercellen in 63%(verhoging gevolgd doordaling), basofielen in 8% en lymfocy-
ten in 6% van de gevallen (beide celtypen nemenin aantal toetijdens de LNR).
De meeste neutrofielen (94%), eosinofielen (49%) en basofielen (3%), die in het

neussecreet verschijnentijdens de positieve LNR, vertonen diverse cellulaire en intracel-
lulaire veranderingen, zoals degranulatie yan huncytoplasmatische granulae, vacuolisa-
tie, verminderde kleurstofopname, krimpingvandecellulaire membraan en soms ook
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een cellulaire disruptie.

De positieve LNR kan gepaard gaan met de verschijning van totaal-IgG- antilichamen

in het neussecreet in 46%van de gevallen en meteen daling van de concentratie van

totaal IgG tijdens de LNR in 33% van de gevallen. Tijdens de positieve LNR worden

geen significante veranderingen in de concentratie van de andere klassen van immuno-

globulinen in het neussecreet of in het bloedserum waargenomen.

Tijdens de positieve LNR worden verhoogde concentraties van diverse mediatoren en

andere factoren in het neussecreet gemeten,zoals: kininen, TAME-esterase (N-a-tosyl-

L-arginine-methylester), de leukotriénen LTB,, LTC, LTD, "majorbasic protein”

(MBP), “eosinophil-derived neurotoxin" (EDN),"bradykinin", "lysylbradykinin",

"eosinophil cationic protein" (ECP), "neutrophil chemotactic factor” (NCF), prostag-

Jandinen (PGF,,,) en histamine. Over de meetbare concentraties yan histamine in het

neussecreet en veranderingenervantijdens de LNR bestaan controversiéle gegevens.

De biochemische en biofysische aspecten van het neussecreettijdens de LNR werden

tot nu toe onvoldoende onderzocht. Hieroveris derhalve weinig bekend.

De positieve LNRgaat gepaard met de volgendehistologische veranderingen in het

neusslijmvlies (biopsie), ten opzichte van het histologisch beeld voordeallergeenprovo-

catie (= "baseline"): (1) het epitheel is oedemateus en vertoont een beschadigde com-

pactheid, vergroteintercellulaire spaties, sporadische scheuren opgevuld met vocht,

sporadischelege holtes aan de oppervlakte,die zijn ontstaan door het uitvallen van

sommigeepitheel- en bekercellen; (2) de basale membraan vertoont cen onregelmatige

compactheid en sporadische scheurtjes; (3) de oedematische subepitheliale laag van de

lamina propria bevat gemengdecosinofiel-neutrofiele infiltraten en sporadisch ook

mestcellen, basofielen, monocyten en lymfocyten; (4) er bestaat een perivasculair oed-

eem, meestal metdilatatie van de terminale delen van decapillairen. Soms ziet men een

ruptuurvan dekleine capillairen met uitgestoten erytrocyten.

Deze histologische veranderingen van het neusslijmvlies die optredentijdens de

positieve LNR, kan men kwalificerenals eenlichte reversibele slijmvliesbeschadiging

met enige inflammatoire componenten.

Hoofdstuk Ill.
LATE NEUSRESPONS VEROORZAAKT DOOR VOEDINGSMIDDELEN

De rol van de voedingsmiddelenallergie en van voedingsmiddelen in het algemeen bij

patiénten metverschillendeallergische aandoeningen,b.v. met nasale klachten en

symptomen,is in de literatuur al herhaaldelijk yermeld. Er bestaan 3 basistypen van

neusresponsbij de orale consumptieprovocatietests met levensmiddelen:(1) de directe

neusrespons [TNR/ENR]. Deze verschijnt binnen 70 minuten, bereikt een maximum

binnen ongeveer 105 minuten en verdwijnt binnen 180 minuten; (2) de late neusre-

spons [LNR]. Deze begint binnen 6 uren,bereikt een maximum binnen 10 uren en

verdwijnt binnen 24 uren; (3) de vertraagde neusrespons [= "delayed"; DYNRJ. Deze

ontstaat binnen 24-28 uren, bereikt een maximum binnen 32-36 uren en verdwijnt

binnen 48-52 urenna de consumptietest met een bepaald voedingsmiddel.

De LNRdie wordt veroorzaakt door een zogenaamd ongewenste reactic op voedings-

middelen (voedingsmiddelenallergie) behoort tot de speciale vormen van de LNR.
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De LNRop voedingsmiddelen komtvoor bij ongeveer 47%van de patiénten met
allergische rhinitis en gaat gepaard mettal van andere "in vivo" alsook "in vitro" diagnos-
tische parameters, zoals: positieve anamnese in 29%van de gevallen,positieve late
huidrespons(48%), verhoogde concentratie van totaal-IgG- antilichamen in het serum
(24%), verhoogd eosinofielengetal in het bloed (8%), verhoogd leukocytengetal in het
bloed (9%); nasale symptomen,vooral neusobstructie (99%), gevolgd doorjeuk in de
neus (51%) en hypersecretie (14%), hyperemisch aspect van het neusslijmvlies (23%)
en livide aspect (76%), veranderingenin het neussecreet van hetaantal eosinofielen
(63%), neutrofielen (89%) epitheelcellen (46%) bekercellen (51%) en basofielen (15%),
Analoog aan de LNRveroorzaaktdoorinhalatieallergenen wordt ook de LNR voorde

voedingsmiddelen vaak begeleid doorparallel verschijnende symptomen en secundaire
reacties van andere organen. Dit manifesteerd zich klinisch als b.v.: hoofdpijn, migraine
con)unctivale symptomen,oorklachten, bronchusobstructie, sinusopathie,gastro-
intestinale symptomenen algemene-malaisesymptomen,etc.
De LNR oplevensmiddelen kan zeer goed (significante effecten) preventief worden

behandeld met oraal cromoglycinezuur (DSCG, Nalcrom®), orale glucocorticosteroiden
el soms met intraveneuze toediening van glucocorticosteroiden. Er werden geen signifi-
cant preventieve effecten van de oraal of lokaal toegediende H,- en H,-receptorantago-
nisten, evenals van de nasaal toegediende glucocorticosteroiden op deze vorm van LNR
aangetoond.

Hoofdstuk IV.

FARMACOLOGISCHE MODULATIE VAN DE “LNR"

Er is aangetoond dat cromoglycinezuur (DSCG, Cromolyn), lokaal toegediende
glucocorticosteroiden (GCS), orale glucocorticosteroiden (orale GCS) en nedocromil
sodium (NDS/NS)in staatzijn, om de ontwikkeling van de LNR op inhalatie-allergenen
op een significante manier te voorkomen.
De H,- alsook H,-receptorantagonisten kunnen een ontwikkeling van de LNR niet

beletten.

Bovendien is gebleken dat DSCG, GCS en NDSinstaatzijn om decellulaire verande-
ringen in het neussecreet, die optredentijdens de LNR,op eensignificante wijze te
voorkomen.

Hoofdstuk V.

DIFFERENTIAALDIAGNOSE

De LNR en de andere neusresponstypen,de directe neusrespons[INR] en de ver-
traagde neusrespons [DYNR], onderscheiden zich van elkaarin verschillende opzichten
zoals; (1) klinisch: de symptomen en hetbeloop ervan, evenals de samenhang met de :
andere "in vivo' en "in vitro’ diagnostische parameters en secundaire symitomen van
andere organen; (2) morfologisch: de cytologische veranderingenin het neussecreet en
histologische veranderingenin het neusslijmvlies hangen samen met de individuele
typen van neusrespons; (3) immunologisch: de aanwezigheid en veranderingenin de
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concentraties van de immunoglobulinen van individuele Klassen, van de individuele

mediatoren en anderefactoren in het neussecreet en in het bloed c.q. bloedserum

tijdens de individuele typen van neusrespons;(4) farmacologisch: de invloeden en

effecten van diverse, relevante geneesmiddelen en farmacologische agentia op de indivi-

duele typen van de neusresponsverschillen per responstype.

Hooftdstuk VI.

REPRODUCEERBAARHEID EN BETROUWBAARHEID VAN DE

"ALLERGEENAPPLICATIE METHODIEK" EN DE "BALLONMEET TECHNIEK"

Bij de neusprovocatie wordt hetallergen door middel van een gesatureerde watten-

knoop, opgerold op een wattendrager, onder de concha media van de niet-geintubeerde

neusholte geplaatst, meestal gedurende 3 minuten. De mate van neusobstructie wordt

yervolgens bepaald metde "ballontechniek’, die een modificatie is van de actieve poste-

reure rhinomanometrie, waarmee de nasale parameters (NPG = "nostril-nasopharynx-

pressure-gradient" in cm H,,0 = AP = reciproquederivaat van de neusweerstand)

wordengeregistreerd. Hierbij wordt een ballon op een kunststof canule (= slang) in een

van beide neusholten, in de meatus medius, geplaatst. De NPG-waardenzijn een maat

voor de neusobstructie (neusblokkade).

Bovenstaande wijze van allergeenapplicatie en de ballonmethode werden door ons

aanvullend onderzocht, ter evaluatie van het mogelijk optreden van artefacten, mecha-

nischeirritatie van hetslijmvlies en van de stabiliteit van de "base-line". Bovendien

hebben wij de ballontechnick en de door deze techniek geregistreerde neusobstructie

vergeleken met de resultaten geproduceerd door andere soorten van de rhinomanome-

trie. De standaard-deviatie (SD), de standaard-error (SE) en de variatie-coéfficiént (VC)

van deballontechniek zijn reeds langetijd bekend.

Drie groepen van patiénten werden onderzocht: (a) patiénten zonder rhinitisklachten

(meturticaria of atopisch eczeem); (b) patienten met rhinitisklachten die uitsluitend

dooreenallergische component veroorzaakt werden. Deze patitnten yertoonden een

positieve neusresponsvan hetdirecte type en een niet-verlaagde neusdrempel voor

histamine, en (c) patiénten met rhinitisklachten die uitsluitend veroorzaakt werden

dooraspecifieke hyperreactiviteit. Deze patiénten hadden een duidelijk verlaagde hista-

minedrempelin de neus, geen voedselallergie en de neusprovocaties met diverse inhala-

tie-allergenen warenalle negatief.

De volgendetests werden verricht bij de patiénten van de drie bovenstaande groepen:

(1) de metingen registratie van de base-line-NPG-parameters gedurende 12 uren;(2)

na een base-line-registratie van 10 minuten werd een droge wattenstok ingebrachtin de

niet-geintubeerde neusholte onder de concha media gedurende 3 minuten. Vervolgens

werden de NPG-parameters gemeten en geregistreerd gedurende 60 minuten en daarna

elk uur tot 12 uur; (3) na een base-line-registratie van 10 minuten werd een wattenstok

gesatureerd met controlevloeistof(fysiologische zoutoplossing gebufferd met fosfaat) in

de neus geplaatst, in de nict-geintubeerde neusholte onder de concha media gedurende

3 minuten; de NPG-parameters werden geregistreerd gedurende 60 minuten en daarna

elk wur tot 12 wur; (4) de nasale histaminedrempel werd bepaald.
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Op grond van deresultaten, onderlinge yergelijkingen en eenstatistische analyse
konden wij concluderen,dat bij de door ons gebruikte "applicatiemethode" geen signifi-
cante artefacten en mechanischeirritatie vanhet slijmvlies optraden. De meting van de
base-line en deuitslag van de neusprovocatie methetallergeen (= de directe neusre-
spons) werden door deze methodeniet beinvloed.

Bij twee andere groepenpatiénten metuitsluitendallergischerhinitis, waarbij de
nasale histaminedrempel dusniet was verlaagd, hebben wij de directe neusrespons
(INR)ophetinhalatie-allergeen (huisstof, huisstofmijt, graspollen, voorjaarspollen,
katte- of hondeharen) gemeten metde ballontechniek en vergeleken met de directe
respons [INR] gemeten met de actieve posterieure rhinomanometrie ("flow-pressure"-
techniek) en metde passieve anterieure rhinomanometry (PAR). Er werden geen
statistisch significante verschillen gevonden tussen INR gemeten met de ballontechniek
en die gemeten metde PAR ofde flow-pressure-techniek. Base-line-registratie met de
ballontechniek bij de patiénten metde pollen-gerelateerde rhinitis en de patiénten
zonder rhinitis toonde geen significante verschillen.

Hoofdstuk Vil.

MECHANISMEN DIE MOGELUKERWUZE TEN GRONDSLAG LIGGEN AAN
DE LATE NEUSRESPONS[LNR]

Diverse pathogenetische en immunologische mechanismendie ten grondslag zouden
kunnenliggen aan het klinisch fenomeen LNR,werden vanuit verschillende kanten
belicht. De eigen onderzoeksresultaten betreffende dit onderwerp werden vergeleken
met en getoetst aan de gegevens van andere onderzoekers en aan de algemene kennis op
dit gebied.
De LNR kangedefinieerd wordenals een klinisch fenomeen, waarbij een reeks van

neussymptomen, vooral obstructie, tussen 4 tot 12 uren na de expositie met eenaller-
geen (antigen) optreden en waarbij complexe immunologische mechanismen zouden
betrokken zijn.

Verschillende pathogenetische en immunologische mechanismen kunnen ten grond-
slag liggen aan de LNR.Hetlate type hypersensitiviteit (type II] allergischereactie,
immuuncomplexen, Arthus-fenomeen) kan worden beschouwdals een van de mogelij-
ke belangrijke mechanismen die betrokken zijn bij de LNR.
De mogelijk causale rol van de verschillende componentenvan hetlate basistype van

allergische hypersensitiviteitsreactie kan niet wordenuitgesloten. Deze zouden ofwelvia
de Klassieke complexe pathogenetische banen ofwel door hun patticipatie als individu-
ele componententot de ontwikkeling van de LNR kunnenleiden, Aan de volgende
componenten zou hierbij gedacht moeten worden: (1) immuuncomplexen; (2) comple-
mentsysteem en zijn onderdelen,zoals de "klassieke complement-pathway", de “alterna-
tieve complement-pathway’, het "membraneattack complex", receptoren yoorde
complementcomponenten op decellulaire membraanvandiverse celtypen; (3) IgG- en
IgM-antilichamen;(4) de individuele celtypen, zoals neutrofielen, eosinofielen, trombo-
cyten, mestcellen en basofielen (inclusief "histamine releasing factors", cytokinen, "Stem
cellfactors", neuropeptiden en diverse mestcel en basofielactiverende factoren).
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Ook de innervatie en neurologische controle van het neusslijmviies, evenals verschil-

lende neuropeptidenfunctionerendals "neurotransmitters in het humane neusslijm-

vlies, zouden een voorwaarde kunnen zijn voorde realisatie van sommige stappen van

de immunologische processen in het humane neusslijmvlies. : ze

Diverse componentenvan het vroege basistype allergiereactie (= directeoo

viteit, type [-allergie) zouden bij de late-faseallergiereacties, zoals de LNR, een . un-

nen spelen, wat reeds door sommige onderzoekers werd gesuggereerd. Deze ro zou :

uitgevoerd kunnen wordenvia het klassicke mechanisme of door een aparte participa ie

van de individuele componenten, De volgende componenten werden in de literatuur

voorgesteld: (1) de antigeenspecifieke 1gE-antilichamen;(2) Be imeetcellenCh basoficlen.

Onze resultaten konden de voorgestelde hypothese van de "absolute tol" van IgE-

antilichamen alsook van de mestcellen en debasofielen bij de ontwikkeling van de

klinische LNRniet ondersteunen en bevestigen.

Hoofdstuk VIII.
ALGEMENEDISCUSSIE

Dedetectie en definitieve bevestiging van de individuele typen van de neustespons

bijvoorbeeld de LNR,op een bepaaldallergeen, en hunbetrokkenheid bij de neussymp-

tomenvan een bepaaldepatiént, kunnenalleen plaatsvinden door middel van de neus-

provocatietest [NPT] met allergeen. De NPT is ook de exclusieve techniek om onder-

scheid te makentussen het aandeel van de allergiecomponenten het nandeel yan de ;

aspecifieke hyperreactiviteit in de neussymptomen van een bepaalde patiént. De aspeci-

fieke hyperreactiviteit wordt daarna getest door middel van een neusprovocatie met

histamine, methacholine of koude lucht. ;

De NPT kanniet alleen beschouwd worden als een belangrijke onderzoekstechniek

waarmee diverse pathofysiologische en farmacologische aspecten van het neusslijmvlies

kunnen wordenbestudeerd, maar ookals een zeer belangrijk onderdeel van het klinisch

routineonderzoek van deallergie-aandoeningen in de neus en in andere organen-

ij de neusallergie mogelijk een primairerolspeelt.

aseakNPTis de vergelijking van de objectieve parameters en

simultaan ook van de subjectieve parameters voor en herhaaldelijk na de neusprovoca-

een bepaald allergeenofaspecifieke prikkel. ;

eeeaieasyan NPT: (1) de NPT metallergeen, die de alleen

ponent en het bestaan van een bepaald type van neusrespons bevestigts (2) de NPT met

een van de representanten (= simulatoren) van aspecifieke hyperreactivitett, zoals

histamine, methacholine en koudelucht, die het bestaan van de aspecificke iypeneact-

viteitcomponentenzijn participatie in de neusklachten van een bepaalde patiént tracht

te bevestigen; (3) de NPT in combinatie met een bepaald geneesmiddel offoeseae

cum, zogenoemde neusprotectietest, die de farmacologische effecten yan dat mi de -

de doorhet allergeen of door de aspecifieke prikkel uitgelokte neusrespons bevestigt 0

yean moet ook aan een aantal noodzakelijke voorwaarden voldoen: hij moet

voldoendeveilig, reproduceerbaar, gevoelig en betrouwbaarzijn en hij moet comforta-
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bel zijn voor de patiént en voor de uitvoerende personen. De toediening van hetaller-
geenen de registratie moeten voldoendeeffectief en betrouwbaar zijn; de toediening
van het allergeen mag geen gevaar opleveren voordepatiént. Dit moet verricht worden
in een professionee] ingerichte ruimte waarin acute behandeling, zoals beademing en
reanimatie, mogelijk is. De neusprovocatietests moeten worden verricht door goed
opgeleid personeel, onder de professionele begeleiding van de medischestaf.
Met behulp van de NPT kunnende volgende gegevens bepaald worden:(1) de rol van

een bepaaldallergeen ofaspecifieke prikkel bij de neusklachten van een bepaalde
patiént; (2) het bestaan van een bepaald type van neusrespons;(3) het aandeel van de
allergie en de aspecifieke hyperreactiviteit in de neussymptomen van een bepaalde
patitnt; (4) de dosis- en tijdcurven; (5) de primaire rol van het neusslijmylies en de
nasaleallergie bij de respons van andere organen; (6) de beschermendeen/of therapeu-
tische effecten van een bepaald geneesmiddel op de neusallergie en op een bepaald type
van de neusrespons;(7) effecten van immunotherapie; (8) diverse onderzoeksaspecten
en -hypothesen.

Bij de applicatie van hetallergeen en/of representant (simulator) van de aspecifieke
hyperreactiviteit op het neusslijmvlies kunnen verschillende technieken gebruikt wor-
den,die ieder hun voor- en nadelen hebben. Tot deze technieken behoren: (a) het
druppelen van de extracten op het neusslijmvlies met behulp van een druppelaarofeen
micropipet, (b) de aérosolisatie van de extracten; (c) papier-disks, cuvetten ofwatten-
staven, die gesatureerd worden door de bepaalde extracten en daarna geplaatst worden
in de neus, op een bepaaldelocatie, gedurende een bepaald tijdsinterval.
De neusresponsopeenallergeenofaspecifieke prikkel kan gemeten en geregistreerd

worden door middel van diverse technieken/methoden. Hiertoe behoren: (1) anterieure
rhinoscopie, (2) registratie van subjectieve klachten;(3) registratie van objectieve para-
meters, waarmee deernst van de individuele neussymptomen,meestal neusobstructie,
wordt geregistreerd en objectiefwordt beoordeeld. De meeste van deze objectieve
parameters hebben betrekking op de neusweerstand(“nasal airwayresistence’ = NAR).
Ze kunnenop directe en op indirecte wijze via een derivaat of analoge parameter wor-
den bepaald. Deze meet- en registratietechnieken van de objectieve neusparameters en -
functies kunnen worden verdeeld in 5 groepen:(1) de nasale peak-flow;(2) de plethys-
mografie; (3) de thinomanometrie: anterieure versus posterieure, actieve versus passie-
ve; combinatie van de technieken; (4) akoestische rhinometrie; (5) niet-rhinomanome-
trische technicken, zoals meting van de doorbloeding van de neus met behulp van
Doppler velocimetrie, meting van penetratie en uitscheiding van 133Xenon doorhet
neusslijmvlies, en meting van de resonantie van de stem met beh ulp van nasometrie,
De NPTheeft zijn eigen diagnostische waarde. Vervanging door andere diagnostische

tests, zoals huidtests, RIST/RAST,die ook hun beperkingen hebben,is niet zomaar
mogelijk. Conclusies die getrokken worden op grond yan deresultaten die zijn verkre-
gen bij onderzoek van een orgaanzoals de huid en het bloed, kunnenniet zonder
bepaalde beperkingen en niet zonder voorbehoud toepasbaarzijn op een ander orgaan,
zoals het neusslijmvlies.

De LNRrepresenteert een duidelijk manifeste, maarreversibele, immunologische
gebeurtenis in het neusslijmylies. Dit proces ontwikkelt zich stapsgewijs. Bij dit proces
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zijn ook de diepere lagen van het neusslijmvlies en andere mucosale structuren betrok-

ken, zoals bloedcapillairnetwerk, diverse celtypen,b.v. basofielen, eosinofielen, neutro-

fielen, epithelialecellen en bekercellen, monocyten en precipiterende IgG (IgM)-antili-

chamen.

De LNRis regelmatig in verband gebracht met de vorming van de eosinofiel-neutro-

fiele infiltraten in de diepere lagen van het neusslijmvlies (lamina propria), metlichte,

reversibele defecten van het epitheel en met participatie van enige "inflammatiecompo-

nenten".

De LNRrepresenteert ook een aantrekkelijk en gemakkelijk toegankelijk model voor

het bestuderen van de hypersensitiviteitsmechanismen,c.q. immunologische, cytologi-

sche, biochemische,biofysische, farmacologische en therapeutische aspecten. Deze

kunnen namelijk direct gerelateerd worden aan een bepaald allergeen, aan het klinisch

verloop van de LNR,aan dediverse cytologische veranderingenin het neussecreet en

aan histologische veranderingenin het neusslijmvlies. De LNR is ook makkelijk te

produceren ente reproduceren.Erzijn praktisch geen risico's aan de LNR verbonden.

Daarom kan de LNR beschouwd wordenals eenveilig klinisch onderzoeksmodel.

De LNRis een belangrijk en zeer interessant klinisch fenomeen, waarover steeds meer

feiten bekendzijn geworden gedurendedelaatste twee decenia. Ondanks deze kennis,

zijn er verdere studies nodig om het belang van de LNR en de eraan ten grondslag

liggende mechanismen beter te kunnen interpreteren en te beinvloeden.  
a The "balloon” being a modified posterior rhinomanometry(the equipment was assembled

Hoofdstuk IX. LIST VAN AFKORTINGEN by the author).

Hoofdstuk XU. LITERATUUR
References: 7,8,9,9-11,25b

Hoofdstuk XII. SAMENVATTINGEN(Engels, Nederlands)

Hoofdstuk XI. ©AFBEELDINGEN

Hoofdstuk X. KLEUREN GRAFIEKEN

Hoofdstuk XIV. SUPPLEMENTEN - OORSPRONKELIJKE VERSIE VAN

SOMMIGE, MEEST RELEVANTE PUBLICATIES VAN

DE AUTEUR

 

    
lb The ’Balloon-method”,

References: 7,8,9,9-11,25b
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2a Passive anterior rhinomanometry (PAR - Heyer rhinomanometer) 3 Active posterior rhinomanometry(The equipment was assembled bythe author).

Reference: 25b Reference: 8

 

    
2b Passive anterior rhinomanometer. 4 Active anterior/posterior rhinomanometryequipment (NRG Mercurysystem).

Reference: 25b References: 411,48}
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5 Active anterior/posterior rhinomanometry equipment (Rhinoscreen Jager), 7a__Rhinoscopy - before the allergen challenge.

References: 411,48) Reference: 41i

 

  6 Acoustic rhinometry equipment (Rhinoclock Stimotron), 7b Rhinoscopy- at 6 hoursafter the nasal challenge during the positive "late nasal response” to
References: 41i,48f-48i grasspollen.

Reference: 41i



  

8b ‘The immediate skin responseto

horse danders.

Reference: 41i

8a The immediate skin responses to

various “inhalantallergens”.

Reference: 41i

 
 
8c The immediate responses to house dust

[No 3], grasspollen [No 6] and grasspol-

len P [No 7] (read fromrighttoleft).

Reference: 41i
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Ya Thelate skin responsesto the pigeon feathers

(upper reaction) and to the pigeon feaces

extract (lower reaction).

References: 1 1h,41b,41i

   
  

‘Thelate skin responses to the pigeon feathers

(upper reaction) andto the pigeon feaces

extract (lower reaction) in detail.

References: 11h41b41i

Yc Thelate skin responsesto the cat hairs (upper reaction)

and to the hamster hairs (lower reaction).

References: 11h,41b,41i
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10a The delayed skin responses to the Derrna-

iophagoides pteronyssinus [house-dust mites]

(upper reaction) and to the betula pendula

[birch pollen] (lower reaction) in detail.

Reference: 411

   
10c The delayed skin response to the canary

dropping extract. Reference: 41i
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10b The delayed skin response to the birch

pollen,

Reference: 41i

re
n)

 
| The delayed skin response (contactallergy) to the cat hairs applied by meansofthe patchtest.

Reference: 41i

  

 
 

     b.
  

12 Positive double immuno-diffusion (Ouchterlony test) in the serum, demonstrating the

presence ofprecipitating antibodies for pigeon dropping and feather antigen (a) and old

paper and cardboard antigens (b} in patients developing the LNRto the nasal challenge with

these antigens. References: 15,16,19,24,41i,121b, 121)
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i, 14. Wet spirograph (Lode Co, Groningen, ‘he Netherlands, model D-75)

— 7 References: 41h,41i 
Ila IIb Ile lid Ile

 

13. Radiographs (1) and echographs(II) of the maxillarysinuses of a patient developing the

secondary(associated) form ofthe "late sinus response of maxillary sinuses” (LSR-MS),

induced by the primary “late nasal response” (LNR)to nasa! challenge; (b) | hourafter the

allergen challenge; (c) 6 hoursafter the allergen challenge; (d) 11 hoursafter the allergen

challenge; (e) 24 hoursafter the allergen challenge. References: 14a-14f,41g,41i

  

    

 

    
GENERATOR

4 5006 PRex, el

Ia   
15 Endoscopy equipment (Wolf, Germany),

Reference: 41i
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16a Tympanograph (American, USA),

27b,41iReferences: 22,27,27a

 

  16b Tympanograph.

References; 22,27,27a,27b,41i
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17 Echograph and printer.

References: l4a-14f,41g,41i
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Ia

18 Cellular changes in the nasal secretions (NS) accompanying the LNR:[I] NS before the allergen

challenge; [II] NSafter the allergen challenge:(a) at the 4th hour = one hourbefore the onset of

LNR;(b) at the 7th hour= at the peak of LNR; (c) at the 12th hour = one hourafterthe dissap-
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pearance of LNR. References: L1c,1 le,11h,25,40¢,41a,41b,41¢,72,772a720,97
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Vi

19 Intracellular changes, including changed granules (degranulation) in particularcell types in nasal secre-
tions: I. Basophils- (a) before the allergen challenge; (b,»,.,) sequential stages of degranulation during

 

Ma Va
19 Intracellular changes, including changed granules (degranulation)in particular cell types in nasal secre-

tions: [. Basophils - (a) before the allergen challenge; (b ) sequential stages of degranulation durin Be : .
the positive INR;II. Mastcells - final stage ofdeescitoeeSiins the voile INR; fitwenophils - G) the positive INR;II. Mast cells - final stage of degranulation during the positive INR; Il. Eosinophils - (a)
beforetheallergen challenge; (b) degranulation during the positive INR; IV. Eosinophils - (a) before the before theallergen challenge; (b) degranulation duringthe positive INR; IV. Eosinophils - (a) before the

allergen challenge; (b,>.) various stages of degranulation duringthepositive LNR; V. Neutrophils - (a) allergen challenge; (b, ,,) various stages ofdegranulation during the positive LNR; V. Neutrophils - (a)

before theallergen challenge; {b, ,) final stage of degranulation duringthe positive LNR; VL. Expelled before the allergen challenge; (b, ,) final stage of degranulation duringthepositive LNR; VI. Expelled

goblet and epithelial cells in the NSafter the resolved LNR.goblet and epithelial cells in the NS after the resolved LNR.
Dicleenecremes TI We Tle tik 1k 47101 992 75. AI) AS Referencee: 1 la-])c:llocl Th.4b.41d.723:72c.72d.97 367
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Histologic changes ofthe nasal mucosa (= nasal mucosa biopsy) accompanying the LNR:

(a) before the allergen challenge; (b,_,) afterthe allergen challenge - during the LNR,

References: 41 1,96,96,97
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b c

Echographsof the paranasal sinuses of a patient developing the associated formofthe “late

sinus response” (LSR-MS), induced bythe late nasal response (LNR) to ingestion challenge

with cow’s milk: (a) before the ingestion challenge; (b) at 6 hours after the challenge - at a

peak of the LNR;(c) at 24 hours after the challenge - after the resolving of LNR.

References: 14g,41g,117h
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Radiographsof the paranasal sinuses of a patient developing the associated formof the “late

sinus response” (LSR-MS), induced by thelate nasal response (LNR) to ingestion challenge

with cow’s milk: (a) before the ingestion challenge; (b) at 6 hours after the challenge - at a

peak of the LNR;(c) at 24 hours after the challenge - after the resolving of LNR.

References: l4g,412
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X. COLOR FIGURES

Fig.1. BASIC TYPES OF HYPERSENSITIVITY (ALLERGY)

REACTIONS.

intracellular
_antigen/
autoantigen -ANTIGEN
+complement |

antigen
presenting
j cell \ Type|

T-cell T-cell
TH) «——<—— TH

(cytokines) (cytokines)

Type IV stimulation
of B-cell and
plasmacell

 

 

 

production of
antibodies

IgG, IgM, IgA, IgD, IgE

@¢ |
pe mastcell,

    basophil

Uponthe TypeIll (immune complexes)
Involvementof:

Eosinophils

Neutrophils

Platelets Type | = Immediate hypersensitivity

Monocytes Type Il = Cytotoxic hypersensitivity

Epithelial cells Type lil = Late (immune-complex) hypersensitivity

Gobletcells Type IV = Delayed (cell-mediated) hypersensitivity

References: 1-3,6,11h
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Fig.2. SCHEDULE OF THE ALLERGY AND NON-SPECIFIC

HYPERREACTIVITY PATHWAYS

ALLERGY NON-SPECIFIC

COMPONENT HYPERACTIVITY

COMPONENT

Antigen-antibody
Ag - Ab
[Ag - T cell]
interaction

(a) non-specific
--------------- agent

lmmuno-competent
and/or targetcell

Release of mediators
[+ cytokines + other
compounds,e.g. CF]

Action on the effector «----------- i

organs[cells, receptors,
chemical-immunol. parts]

Sometimes
consecutive steps

Response

References: 1-3,6,11h
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Fig. 11. REVIEW OF NASAL THRESHOLDS OF

HISTAMINE, METHACHOLINE CHLORIDE

AND METHACHOLINE BROMIDEIN

PATIENTS WITH ALLERGIC RHINITIS [Late

Nasal response] (n=35)

34 350 |

 

HISTAMINE [55] = decreased [-_] = normal

METHACHOLINE Cl Ml = decreased [1] = normal

METHACHOLINE Br ME = cecreased _] = normal

References: 35¢,35641b
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Fig. 14. REVIEW OF NASAL THRESHOLDS OF

HISTAMINE, METHACHOLINE CHLORIDE

AND METHACHOLINE BROMIDEIN

PATIENTS WITH ALLERGIC RHINITIS

[immediate nasal response] (n=46)

ya 484601 5

 

9
bz ez 22

HISTAMINE [<5] decreased [[_] = normal

METHACHOLINE C! Ml = decreased CJ = normal

METHACHOLINE Br Mil = decreased [__] = normal

References: 35a,35b,35¢,35F
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Fig. 18. REVIEW OF NASAL THRESHOLDS OF
HISTAMINE, METHACHOLINE CHLORIDE
AND METHACHOLINE BROMIDEIN
PATIENTS WITH NON-ALLERGIC RHINITIS
(n=28)

gy seh 4

   
26   ge

 

St vb Sh

HISTAMINE [1 = decreased [-_J = normal

METHACHOLINE Cl MM = decreased [__] = normal

METHACHOLINE Br MB = decreased [J = normal

References: 35a,35b,35¢,35f
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Fig 22. POSSIBLE RELATIONSHIPS BETWEEN THE NASAL ~

MUCOSA[ALLERGY, RESPONSE] AND OTHER ORGANS a
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fluid-balance, neurol. bradycardia, cardial
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———— sporadically :
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Ag = Antigen, APC = Antigen presenting cell; B-cells = B-lymphocytes; T-cells = T-lymphocytes.

References: | 1h,14,14a-14g,15-19,21,22,26,27,27a,27b,37,38,40,40a,40c,40d, References: 11h,41b

40£,41,41b,41e,41¢,41h,41i,72b,97w,| 17h,121b
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Fig. 54. THE COMPLEMENT SYSTEM
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Fig. 56. Possible intercellular traffic during the "late-phase
reactions", e.g. LNR

 

 
ES = Eosinophil
NT = Neutrophil
BS = Basophil
LT = Lymphocyte
MC = Mastcell
TH = Thrombocyte
EC = Epithelialcell
MM = Monocyte/Macrophage
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A protective actiona Disodium cromoglycate (code number “FPI, 670"; trade
lal’) on the allergen challenge with house dust (5 mg/ml)

or grass pollen mix. (10,000 NU/ml) on the hated
name “Intal’, “Lomi

mucosa was demonstrated
in 15 patients with pollinosis or vasomotor rhinitis, A good reproducibility
of the nasal mucosa response was found after the allergen. challenge.
The mechanism of the protective action of DSCG was also shortly
discussed.

PROTECTIVE EFFECT OF DISODIUM

CROMOGLYCATE ON THE ALLERGEN

PROVOCATION OF THE NASAL MUCOSA

Z. PELIKAN, M.D., W. J. SNOEK, H. BOOIJ-NOORD, M.D.,
N.G. M. ORTE, M.D., and K. de VRIES, M.D.

Introduction

Disopium CROMOGLYCATE
(DSCG), a sodium salt of 1,3-bis-(2-

carboxy -chromon-5-yloxy) -2-hydroxy-
propane, is a recently developed drug,
which mayprevent allergic responses of
the immediate type.'-?*
This compound has, in pharmaco-

logical studies, neither an antihistami-
nic, anticholinergic, antiserotonic, anti-

bradykininic, or anti-SRS-A activity, nor
a bronchodilating activity.*

It has been suggested that DSCG
inhibits the release, initiated by an
antigen-antibody reaction, of mediators
from the mast cells (type 1) or possibly
othercells (type IIL) .*:5:%"

Clinical experiments have shown that
DSCGmay prevent bronchial obstruc-

From the Allergology Unit and Pulmonary
Division, University Hospital, Groningen, The
Netherlands,

This work has been supported by grants
from the National Research Council ‘TNO, The
Netherlands (GO 623 C 21) and the Euro-
pean Community of Coal and Steel, Luxem-
burg (6240-21-081).
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tion induced by experimental allergen
proyocation.!7"%1¢
The therapeutic value of this drug

has been demonstrated by various clin-
ical trials in allergic patients suffering
either from “bronchial asthma”or “asth-
matic bronchitis.”2-1"-""
No reports dealing with the effect of

DSCGonthe allergic responses, lo-
calized in the nasal mucosa (pollinosis.
vasomotor rhinitis), were found in the
availableliterature. The purpose of this
communication is to present the results
of a clinical experiment dealing with
the DSCG protective activity of the
allergic reaction of the nasal mucosa.

Materials and Methods

A. Materials

I, SUBSTANCES

House dust® (in concentration 5.0 mg
dry weight of dialyzed and lyophilyzed
extract per 1 ml of Coca solution) and
Grass pollen mix® (10,000 NU per I ml

 
*Prepared by Pharmacy “Diephuis” (Gron-

ingen)

ANNALS OF ALLERGY
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of Coca solution) were used as_al-
lergens. 1 percent Disodium cromogly-
cate (DSCG)** in distilled water.

IL. THE APPARATUS EQUIPMENT

A one channel recorder ( Heath Built;
model EUW-20A; USA); an electric
differential pressure transducer (p-
amplifier; Godart NV; The Nether-
lands); a water manometer; a small
rubber balloon of a 5 mm diameter and
of a 25 mm length (Lode NV; The
Netherlands ); and a polyethylene tubes
connecting system were used.

B. Methods

|. PRINCIPLE OF METHOD

Changes of the nasal mucosa (e.g.
swelling) influence the passage of air
through the nose, which results in

changes in the pressure differences be-
tween the nasopharyngeal cavity and
open (outside) air. These pressure dif-
ferences were recorded and considered
as an index of the nasal flow.
A calibration curve of the apparatus

used was made before each test. A
smal] rubber balloon was introduced
through one of the nasal cavities into
the nasopharynx and the connecting
tube was fixed to the alae nasi, The bal-
loon wasfilled with 2 ml of air and it
was then connected to the pressure
transducer by a polyethylene tube. Dur-
ing the investigation the patient
breathed through the free nasal cavity
with a closed mouth."
The changes in the nasopharynx-

nostril pressure gradient (NPG) dur-
ing the respiration were recorded, The
NPG wasexpressed in cm of 1.0. The
mean yalues of the NPG values were
calculated over 90 to 120 seconds time
intervals,

°°This compound was obtained from “Fi-
sons Pharmaceuticals Ltd.” (England) and it
is produced under code number FPL 670 and
trade mark “Intal’, “Lomudal”.

Yorumer 28, NovemBer, 1970

The control, allergen and DSCGsolu-

tions were applied on the nasal mucosa
in the free nasal cavity (under the low-
est concha) by means of a wad ofcot-
ton wool on a nasal probe.

II, PROCEDURE OF THE

AND PROTECTION TESTS
PROVOCATION

Provocation test; + 10 minutes after

the introduction of the balloon, when
the patient demonstrated regular
breathing, the experiment was per-
formed in the following steps:

1, The recording of the NPG during
three minutes, to obtain the so called
“initial value” (basic value).

2. Control test with the application of
the Coca solution during three minutes.
The NPG was recorded during two
minutes. If no significant changes were
observed in respect to the initial value,
the allergen challenge of the nasal mu-
cosa followed.

3. Three minutes after application of
the allergen (house dust 5.0 mg/ml or
grass pollen mixture 10,000 NU/ml),
the NPG was recorded in the following
time intervals: 0, 10, 20, 30, 45, 60
minutes, The procedure of provocation
was performed in eight patients with
one allergen challenge and in seven pa-
tients the allergen challenge was re-
peated immediately after thefirst.

4, Tf the patient had some nasal com-
plaints after the provocation test, an
epinephrine (adrenaline) aqueous so-
lution (1:1000) was applied on his
nasal mucosa for one minute.

The provocation test was considered
as positive, when the NPG value in-
creased within 20 minutes after the end
of allergen challenge by at least 1.5
em of H.O with respect to the initial
NPG value.

Protection test: In all patients with
a positive provocation test, the protec-
tion test with DSCGwas carried out on
another day. In the protection test, the

same method was used as in the provo-
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= the nasal mucosa in the non-connected IN. VL, = INITIAL VALUE,
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. 2 me pressure gradient (NPG), which were tion and in the protection test. The mg/ml) and after the challenge with
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TABLE Jil, SURVEY OF THE NASOPHARYNX-NOSTRIL PRESSURE GRADIENTS (IN CM H,O) IN
INDIVIDUAL PATIENTS AND THE MEANS AT DIFFERENT TIME INTERVALS

BY THE TWICE CHALLENGED GROUP.

Provocation Test ay nas Protection Test _

Time in minutes after second allergen Timein minutes after second allergen
- challenge challenge

Patient o 1028’ be 10% 20soa” G0!
9 680569 625 68 41 32 T6220) 200 L200 LM
10 14.0 16.1 93.4 7.5 5.4 3.8 2.8 3.0 1.9 1.2 0.8 0.8
ll 2.0 3.0 44 2.0 1.6 0.8 1.4 1.9 19 15 13 1.1
12 4.2 6.1 5.1 2.1 2.2 14 17 2.3 2.6 15 13 1.6
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14 2.7 557, 5.8 6.9 2.5 a3 2.5 2.5 2.9 2.2 1.7 14

2 15 6.5 11.4 7.9 §.1 3.7 2.2 1.4 2.5 2.5 3.3 1.4 1.0

Mean value— oe)
2nd challenge 5.4 7.3 6.0 47 3.0 2.0 17 2.1 2.2 1.8 1.3 11

Mean value— 7
Ist challenge 4.3 5.3 5.9 5.7 4.1 2.0 22 2.6 2.2 2.2 19 1.6
 
 

Discussion

In respect to our results, it could be
concluded that 1 percent solution of
DSCGin distilled water, applied on the
nasal mucosa beforethe allergen, has a
clear protective action on the proyoca-
tion effect of the house dust (5 mg/ml)
or grass pollen mixture (10,000 NU/
ml), also applied on the nasal mucosa.
The protective action of DSCG lasts 2
hours at least as follows from the pro-
tection of the first as well as the second
allergen challenge.

The results of our clinical experi-
ment on the nasal mucosa are compar-
able with those of the clinical experi-
ments on the bronchial tree.""7-*"-19 This
does not implythatthe allergic process
is identical in the bronchial tree and the
nasal mucosa. In respect to the effector
organ there are marked differences: in
the bronchial tree the smooth muscles
and in the nasal mucosa the blood ves-
sels play a predominant role. The re-
sults, however, suggest that the mech-
anism of release of mediators in both
organs plays an important role in trig-
gering a reaction. This is in contrast
to the lack of protective activity of
DSCGon the skin tests. The allergic

552

process in the skin (immediate type)
differs from the process in the nasal
mucosa and bronchial tree in respect

to the release of mediators. Probably
the action of DSCG is linked with the
inhibition of the release of mediators
from the mastcells.

These results may have consequences
in the treatment of allergic vasomotor
rhinitis and pollinusis. Some patients
suffering fram pollinosis with nasal com-
plaints were, in spite of a course of
desensitization, treated with nasal in-

stillation of DSCG (4 & 10 mg per
day), with good results. No controlled
clinical trial was performed.
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a communication from The Netherlands

Jn 600 patients suffering from allergic rhinitis the possible existence of
another type of allergic reaction of the nasal mucosa other than Type 1
(imimediate) was investigaied by means af nasal provocation tests with
allergens. Late response of the nasal nrucosa to allergen challenge
indicated that Type IIT hypersensitivity might be involved. Delayed
reactions also made Type IV suspect

LATE AND DELAYED RESPONSES OF THE
NASAL MUCOSA TO ALLERGEN CHALLENGE

Introduction

IMMEDIATE ALLERGIC REACTIONS(Type 1)
of the lower'* as well as upper 7" respiratory tract
to allergen challenge have been observed frequently
and have been studicd extensively.

Various authors have also described the ‘‘late’’
asthmatic reaction caused by the Type III allergy re-
action (precipitin-mediated allergy).341345 There is as
yet no direct evidence for Type 1V (cell-mediated) al-
lergic reaction in asthma but Pepys and co-workers
have suggested that Type IV allergy may play a role
in certain pulmonary diseases in man.3446 The possi-
ble role of the Type IV hypersensitivity reactions in
the lungs of guinea pigs has been experimentally
studied by Miyamoto and Kabe.'7 The Type IV
response has been clearly defined as one of the al-
lergic mechanisms that can occur in the skin follow-
ing appropriate challenge.*1615-22
Most of the work onallergic response in the nose

has been concerned with the immediate allergic reac-
tion (Type [), although a few investigators have sug-
gested the existence of a so-called ‘‘late”’ allergic re-
action (Type III),7:4523
The Type LV allergic reaction in the nose has not

yet been clinically observed; however, some in-
vestigators have reported evidence of Type IV al-
lergy in patients suffering from allergic rhinitis on the
basis of either immunological tests in vitro'819.222428
or skin tests!®2028 or intranasal antigen administra-

Doctor Pelikan is Head, Department of Allergology and Immunology.
Institute of Medica! Sciences “De Klokkenberg.” Breda, The Netherlands.
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tion,'°?2 The delayed hypersensitivity mechanism
was investigated by these authors as a possible factor
in the production ofrhinitis.
Nasal provocation tests have been used for several

years by the author as a standard part of the clinical
diagnostic procedure for the detection of the Type I
allergic reaction in the nasal mucosa.?!2
The purposeofthis clinical investigation was to de-

termine whether other types ofallergic reaction, dif-
ferent from Type I, could also occur in the nasal
mucosa of the patients suffering from allergic
rhinitis, after the allergen challenge, and the positive
cases to observe and recordtheir full clinical course.

Materials and Methods

lL. Allergens *
a. House Dust in a concentration of 5.0 mg of dry

weight of dialyzed and lyophilyzed extract per |
ml of Coca’s Solution.

b. Hairs and Feathers Mixture** in a concentra-
tion of 2.5 mg of dry weight of dialyzed and
lyophilyzed extract per | ml Coca’s Solution.

c, Pigeon Feathers in a concentration of 2.5 mg of
dry weight of dialyzed and lyophilyzed extract
per 1 ml Coca’s Solution.

d, Aspergillus Fumigatus in a concentration of 2.0
mg of dry weight of dialyzed and lyophilyzed

* All allergen extracts were prepared by Pharmacy“Diephuis,” Groningen, The
Netherlands
** Cat, dog, cattle, goat, hog, horse, rabbit, rat, mouse, hamster, guinea pig,
canary, goose, duck, turkey, hen, pigeon, parrot, in equal proportions by
weight.
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extract per | ml of Coca’s Solution.
e€. Moulds Mixture* in a concentration of 2.0 mg

of dry weight of dialyzed and lyophilyzed ex-
tract per 1 ml of Coca’s Solution.

f. Flour Mixture** in a concentration of 2.5 mg of
dry weight of dialyzed and lyophilyzed extract
per 1 ml of Coca’s Solution,

g. Wheat Flour in a concentration of 2.5 mg of dry
weight of dialyzed and lyophilyzed extract per 1
mi of Coca’s Solution,

h. Grass Pollen Mixture} in a concentration of
10,000 Noon Units (NU) per 1 ml of Coca’s
Solution. ++

i. Spring Pollen Mixturett¥ in a concentration of
10,000 Noon Units (NU) per 1 ml of Coca’s
Solution.

j. Acetylsalicylic Acid in a concentration of 0.5 mg
per | ml of physiologic Saline (0.9% NaCl).

IL. Apparatus and Equipment consisted of:?"?

One-channel recorder, an electric differential pres-
Sure transducer, a water manometer, a small rubber

balloon of 5 mm diameter and 25 mm length, a
polyethylene tubes connecting system.

Ill. Principle of the Method?

The nasal mucosa of the patient suffering from al-
lergic rhinitis or pollinosis, when challenged topically
by the appropriate allergen, reacts with swelling and
hypersecretion, These changes influence the passage
of air through the nose, resulting in changes in pres-
sure differences between the nasopharyngeal cavity
and the outside air, These pressure-differences, so-
called NPG (nasopharynx-nostril pressure gradient),
expressed in cm of H,O, were recorded and con-
sidered as a parameter for the assessment of the re-
activity of the nasal mucosa. The mean values of the
NPG were always calculated during regular breathing
over a time-period of 90 to 120 seconds.

IV. Patients

Six hundred patients, consisting of out-patients or
hospitalized patients, were investigated by means of

 

*Claduxporium: vtadospiriuides-elaium-herbarum. Penicilliuny brevi vom
Pectunvetpansun-nolatan-srequentaas-canimmune, Aspergillus versicolor
tifger-fumigzatus, Mucor spincsusenucedo-racemosus, Puilularia puilulars,
Botryris ctnerea, Mercultus domesticus, Epicoccum purpurascens,
Alternaria tenuis, Stemphytium borrvoswn, Ratcopas nigricans. Fusarine
culmorum and Trichoderma viride — in equal proportions by weight.

** Wheatflour. rye flour. rice flour, oatmeal and barley flour—in equal p1ro-
portions by weight,

+ Dry weight percentage: Secale cereale 19%, Dactvlis glomerata 15%.
Lolium perenne \0%, Aathosantham odorarwn 10%, Agrostis albu 10%.
Haleus lanatus 10%, Phlewn pratense \O%, Cynasurus cristatus S5,

Alopecurius pratensis 13%.

 

+7 1 Noon Umt (NU)=0.001 mg of dry pollen (powder)=0.5 PNU = 1.3
TNU

++? Dry weight percentage: Corvites aveliana 20%, Alnus species 30%, Salis
species 20%, Betula species 20%, Myrica species 10%,
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routine nasal provocation tests with various allergens
to confirm or to exclude the Type I allergic reaction
of the nasal mucosa (perennial rhinitis or pollinosis),
All patients investigated showed:
a. Nasal complaints (obstruction, hypersecretion,

sneezing) probably due to the TypeI allergic reaction
of nasal mucosa.

b. Positive intracutaneous reactions to one or more
allergens. Each ofthe patients was tested with a stan-
dard group of 32 inhalant allergens. Some of them
were also tested with some additional allergens ac-
cording to disease-history. In all patients the im-
mediate reaction on the skin (Type 1) was observed,
in some of them a late (Type III) or delayed (Type
IY) also occurred.
Of the 600 patients 17 complained of nasal

symptoms from four to 48 hours after the end of the
routine nasal provocation tests with allergen (that is
from 6 to 50 hours after allergen challenge) and
these were selected for further investigation. Their
characteristics are presented in Table I. From the pa-
tients who did not complain of acute nasal symptoms
from 4 to 48 hours after the nasal provocation
tests. 30 were selected randomly for the control in-
vestigation. Of these 30 patients, 15 demonstrated a
positive immediate nasal mucosa response after al-
lergen challenge; the other 15 did not respond. These
patients were investigated in the same manner and
during the same period as those in the experimental
group.
The patients were always investigated in a period

without manifest nasal complaints. No anti-allergic
therapy was allowed during 96 hours prior to the in-
vestigation. They were not treated with Disodium
cromoglycate (Rynacrom, Lomudal, Intal), with cor-
ticosteroids or with immunotherapy.

Procedure

Before each test, after calibration of the equip-
ment, a rubber balloon was introduced into the
nasopharynx through one ofthe nasal cavities, filled
with 2 ml of air and then connected to the pressure
transducer. The patient breathed only through the
non-intubated nasal cavity, the mouth being closed
and the intubated cavity also being closed by means
of the patient’s finger. Five to fifteen minutes after
the balloon introduction, when the patient de-
monstrated regular breathing, the test was started.

I. The routine part was performed by the following
steps:?12
The mean NPG values were recorded at 0, 5 and 10

minutes, to obtain so-called ‘‘initial values.’’
Coca’s solution was applied for three minutes to

the nasal mucosa under the lowest concha of the non-
intubated cavity by means of a wad of cotton wool
on a nasal probe. The mean NPG values were then
recorded at 0, 5 and 10 minutes after the end of Coca
application. If the patient showed no changes of the
mean NPG values with respect to the ‘‘initial

ANNALS OF ALLERGY
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values,” the investigation was continued,
The allergen was challenged on the nasal mucosa

for three minutes in the same way (and at the same
site) as the Coca’s solution. The mean NPG values
were then recorded at 0, 5, 10, 20, 30, 45, 60, 90 and
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120 minutes after the end of the challenge.

There was a time interval of several days between
the routine nasal provocation and the experimental
portion of the investigation of the selected patients.
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Il. The experimental part consisted of the follow-
ing tests, each of them performed on a separate day
with a time interval of minimally 72 hours between
them.
a. The Provocation Test
The mean NPG “‘initial’’ values were recorded at

0, 5 and 10 minutes.
Coca’s solution was applied on the nasal mucosa

for three minutes in the same manner as the routine
tests. The mean NPG values were then recorded at 0,
5 and 10 minutes.
The allergen was challenged for three minutes on

the nasal mucosa in the Same manner and on the
sameSites as the routine tests. The mean NPG values
were then recorded at 0, 5, 10, 20, 30, 45, 60, 90, 120,
150, 180, 210 and 240 minutes, then every hour up to
12-respectively 14 hours after the end of the allergen
challznge. From the 23rd (24th) hour to the 56th hour
after the end of the allergen challenge the mean NPG
values were recorded every second hour (when
necessary every hour). The patients were not in-
vestigated during the 8-10 hours sleep interval in the
night (between 12-23rd-respectively 14-24th hours
and 36-48th-respectively 40-48th hours).
b. The Control Test with Coca’s Solution
The mean NPG “‘initial’’ values were recorded at

0, 5 and 10 minutes,
Coca’s Solution was applied to the nasal mucosa

for three minutes in the same way as described above
and the mean NPG values were recorded at the same
time intervals as during the provocation tests with al-
lergen (0 minutes - 56 hours),
The provocation tests were considered positive

when the mean NPG values after the allergen
challenge increased by at least 1.5 cm H,Q with
respect to the “‘initial’’ and ‘‘Coca’’ values.
The patients were challenged during theclinical in-

vestigation by the sameallergen as during the routine
tests.

In some patients more allergens were tested to in-
vestigate whether the ‘“‘non-immediate’’ response of
the nasal mucosa could be caused by only one al-
lergen or by additional allergens. The choice of the
other allergens was based on positive intracutaneous
tests and on the clinical or disease history. In other
patients the provocation tests with the same allergen
were repeated to investigate reproducibility.

Results
Of the group of 600 patients who were examined

by means of the routine nasal provocation tests with
allergens, 497 gave a positive immediate response of
the nasal mucosa to the allergen challenged (Type I

allergic reaction).
Sixteen of the 497 patients demonstrating positive

immediate reaction of the nasal mucosa and one pa-
tient of the remaining 103 who did not demonstrate
immediate response (Patient No. 14), reported acute
nasal complaints between four and 48 hours after the

40

end of the routine nasal provocation tests (that is 6-50
hours after the allergen challenge). These 17 cases
were additionally studied by further nasal provoca-
lion tests, which were continued for up to 56 hours.

Sixteen of the 17 patients investigated also de-
veloped other types of the nasal mucosa response.
These reactions, clinically different from Type I al-
lergic reaction, occurred 6-50 hours after the allergen
challenge. These patients are henceforth called “‘non-
immediate positive.”

In the one remaining patient from the group im-
mediate positive who reported later nasal complaints
no other type of nasal mucosa response was detected
other than Type [. This patient is henceforth called
“‘non-immediate negative” (Patient No. 17).
A survey of the mean NPG values recorded during

the individual tests of this investigation in each of the
16 ‘‘non-immediate positive’ patients is given in

TableII.
The mean NPG values recorded after the allergen

challenge with respect to the mean values measured
after the Coca challenge in individual tests in “‘non-
immediate positive’’ patients are graphically present-
ed in Figures | and 2. Figure 1 shows the responses
which were considered as late résponses, while
Figure 2 shows those which were considered as de-

layed.
In 16 ‘‘non-immediate positive’ patients three

types of the nasal mucosa response were observed.
1. Fifteen patients developed a nasal mucosa

response within two hours after the allergen
challenge. This response started within 10 minutes,
reached its maximum within 30 minutes and disap-
peared at least 90-120 minutes after the allergen
challenge. This response of the nasal mucosa was
considered by us as Type | allergic reaction (im-
mediate hypersensitivity).

2. Eight patients developed a nasal mucosa
response within 6-14 hours after the allergen
challenge (that is 4-12 hours after the end of the im-
mediate reaction). This reaction began within six
hours, reached its maximum within 8-10 hours and
disappeared in most of the patients within approx-
imately 24 hours after the allergen challenge. This
type was considered by us with respecttoits clinical
course as a late response (possibly due to the Type
III allergic reaction).

3. In 10 patients a nasal mucosa response appeared
within 26-50 hours after the allergen challenge (thatis
24-48 hours after the end of the immediate response).
This response began within 26-30 hours, reached its
maximum within 30-40 hours and in most of the pa-
tients resolved within 50 hours after the allergen
challenge. This type was interpreted by us, in view of
its clinical course, as a delayed response (possibly
due to the Type IV allergic reaction).

In most patients investigated the late as well as the
delayed nasal mucosa response were preceded by the
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immediate response, a so-called ‘‘dual-response.”’ delayed responses of the nasal mucosa were ob-
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course of the responses (late or delayed), The re-
lative severity of the individual nasal complaints dif-
fered, however, in the various types of responses
(Table ['V).
The appearance of the nasal mucosa was also dif-

ferent in the different types of nasal mucosa
response. The lividity of the nasal mucosa increased
during the immediate and late response but was most
pronounced during the delayed response. Hemor-
rhages occasionally occurred in the nasal mucosa
during the delayed response (four patients).
A good correlation was found between the im-

mediate nasal response and the intracutaneous tests
in the same patient with the same allergen. No
Significant correlation was observed between the skin
tests and nasal provocation tests with respect to the
late or delayed responses,

Discussion

Allergic rhinitis (perennial rhinitis and pollinosis)
has classically been attributed to the mechanism of
immediate hypersensitivity (Type I allergic reac-
tion).?9
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Lately, however, some authors have provided
evidence for another type of allergic reaction of the
nasal mucosa, different from Type I. This reaction
has been suggested to be a Type ILI allergic reaction
and called “late nasal response.’’ The recognition of
the TypeITI allergic reaction of the nasal mucosa was
based partly on recording of subjective nasal com-
plaints, partly on the measurement of nasal airways
resistance, however within a limited time interval,
and partly on some immunological parameters .7:15.23
The Type IL] reaction of nasal mucosa has been

observed in two modifications — either as ‘‘late’’ on-
ly or as a part of the so-called “‘dual response’
where the Type I preceded the Type HI. The dualre-
action has been found more frequently than the late
response alone.7?3
Otherinvestigators have found some evidence for

a possible role of the Type IV allergic reaction in al-
lergic rhinitis.18 19,22.24-2830

Slavin and co-workers!??® have provided some
evidence for delayed hypersensitivity to pollen occur-
ring in the allergic nasal mucosa. Slavin suggested the
possibility that symptoms of rhinitis might result also
from delayed hypersensitivity.*° He showed that a

Pouent No Allergen

   

 

tine in minutes ofter allergen chel

 

Figure 2, The mean NPG values after allergen challenge with respect to the mean NGP values after Coca solution challenge, recorded

    

in those patients investigated who demonstrated the presumed Type IV hypersensitivity of the nasal mucosa.
Legend: AF =

Feathers.

4a

Aspergillus Fumigatus, HO = House Dust, GP = Grass Pollen, AA = Acidum Acetylsalicylicum, HF = Hairs and
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state of delayed hypersensitivity might be present
even in the absence of the delayed skin reactions,”
He observed that induction of delayed hypersensitivi-
ty by means of nasal administration of antigen was
considerably different in two groups of patients, the
atopic group having a far greater number of reac-
tions.?°

Brostoff and Roitt'®?® have also found evidence
for delayed hypersensitivity in some patients suffer-
ing from hay fever from tests on the patients’ lym-
phocytes and leucocytes.

Rocklin and co-workers,?? Richter and Naspitz,**
Maini and co-workers,39 Norman and Lichtenstein,*5
Evans and his co-workers4 have concluded from im-
munological tests in vitro in patients with hay fever
that a cellular immune response to some antigens
mayalso be detected.
We have not yet found a study in the literature

describing clinical recognition of the Type II] and
especially of the Type [V allergic reaction in the nose
after allergen challenge. To record this was one of
the purposes of our investigation.

The classification of the different types of allergic
reaction is based on clinical, immunological and his-

topathological features.2® One of the important
clinical features is the time-course of the allergic re-
action, 1.e., the time-course of objective changes as
well as of subjective complaints.

Several papers describe the time-course of the
clinical manifestations of different types of allergic
reaction of various organs or systems. Most of them,
however, concern the skin and lower respiratory
tract. The allergic responses of the skin were charac-
terized, with respect to their time-course, as
follows 41615233132

Immediate — onset within 5-10, maximum within
10-20, resolving within 60-90 min.

Late — onset within 7-8 hours, resolving within 24
hours.
Delayed — onset within 24 hours, maximum at 48

(72) hours, resolving within a few days.
The allergic responses observed in the lower

respiratory tract during the inhalation provocation
tests with allergen were defined with respect to the

Table tll. Survey of all nasal provocation tests (routine and experimental) performedin eachof the patients investigated.

 

     

Allergen

Type allergic reaction

HES HP ss coe Other ——Other__
Patient | i Iv I il Iv ' i IV | Ul IV i Hl Iv | Il IV

1 - - - - - - - * AF + - b Mm + - -
2 + - - - + - - - - - TRY 6s - H -
3 + } + = = = Re = Ww +
4 re = * - + < + = FP + Mm -
5 + - + + = = - = = - - BY >= = a ss
6 + > : - = - WF+ + : Em + = ©
7 - - - - - : + - 2 = - - AALS = + D + = :
8 + - - - - - - 4 + - Mm -
9 + + - + “ af + = + + - - Mm+ - = FP -
10 - - + ~ + - - hee TP: =
"1 - - - : - - - - Mm - reas
12 - - - - - - - + + - FP - TP
13 + - ~ + - : FP -
14 - - - - - - + -
15 + o = 2 + + * : PE = + . Mm+  - lo
16 - - S + = + - TP +
17 + - - + = = = : Mm -

Legends: AF = Aspergillus Fumigatus; AA = Acidum Acetylsalicylicum; FP = Flower pollen; TP = Tree pollen; Mm =
Molds mix; WF = Wheat flour; Fm = Flour mixed; PF = Pigeon feathers; H = Hay dust; W = Wool; D = Dog
hair; C = Cat hair; HD = House dust; HF = Hairs and feathers; GP = Grass pollen: SP = Spring pollen

| = Type | allergy reaction; Ill = Type Ill allergy reaction; IV = Type !V allergy reaction. + = positive; - =
negative.

Patients No, 1-16 = "‘non-immediate’' positive; Patient No. 17 = ‘‘non-immediate" negative.

Table IV. A survey of nasal complaints accompanying the different types
of nasal mucosa response, as observed in the 16 “non-immediate”
positive patients.
 

 
Nasal Type | Type Ill Type IV
complaints (immediate) (late) (delayed)
Obstruction ++ (moderate) +++ (severe) +++ (severe)
Hypersecretion +++ (severe + (slight) (+)- (very slight

to absent)
Sneezing + + +(severe) + (slight) - (absent)
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time-course as follows,?®-1316
Immediate — onset within 10, maximum within 30,

disappearance within 120 min.
Late — onset within 4-8, maximum within 8-12, re-

solving within 16-24 hours.
Delayed — has not yet been precisely described;

the presumed onset is 24 hours or later, duration and
disappearance within several days.
There are not many papers describing the time-

course of allergic reactions of the nasal mucosa.
Most of them deal with the immediate response
(caused by the Type I allergic reaction).79:24223
The time-course of the nasal mucosa response to

allergen challenge could be characterized as follows.
Immediate — onset within 10, maximum within 30,

resolving within 90-120 minutes.
Late — onset within 6-8, maximum within 8-10, re-

solving within 24 hours.
Delayed — has not yet been described in precise

terms; presumed maximumis later than 24 hours
(Slavin2°),
The classification of the non-immediate responses

of the nasal mucosa recorded in this clinical in-
vestigation was based ontheir clinical time-course.
From the results of our present study it might

therefore be concluded that the time-course of the
late nasal mucosa response is the following: onset
within 4-8 hours, maximum within 6-10 hours with
resolution within 24 hours, while that of the delayed
nasal mucosa response runs as follows: onset within
26-36 hours, maximum within 30-40 hours and resolu-
tion within 50-56 hours after the allergen challenge.
The observed late response of the nasal mucosa to

allergen challenge might possibly be caused by the
Type LI hypersensitivity, while the delayed response
might possibly be caused by the Type IV
hypersensitivity. Our hypothesis is supported by pre-
liminary results of another study, which is not yet
completed and fully evaluated statistically. The re-
sults will be reportedlater.

In this study the possible effects of some drugs
against the nasal mucosa responses were investigated
in the patients who demonstrated the late and the de-
layed nasal mucosa response. Preliminary results in-
dicate that the late nasal mucosa response was pro-
tected partially by Beclamethasone dipropionate* (by
nasal spray, six times per day); the delayed response
was fully protected. The preceding immediate
response was not inhibited by this drug. The protec-
tive effects of another drug Disodium cromoglycate
(Rynacrom,Intal) were also investigated.

This finding is in accordance with our previous ex-
periments,!! which have demonstrated the lack of

 

"Aldecin-nasal spray (Schering USA — represented in the Netherlands by
Essex Corp.), 504g per dosis, or Beconase-nasal spray (Allen & Hanburys
Lid., Glaxo Holdings Ltd., England), “Ouper dosis
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protective effects of corticosteroids against the Type
I allergic reaction,

Fortechnical reasons the present work was not ac-
companied by immunological tests or his-
topathological examination of biopsies. It is con-
ceivable that concurrent immunological ifvestigations
will further clarify the mechanisms underlying the
late and delayed response we have recorded.

In most of the investigations providing evidence
for the role of the Type III or the Type IV
hypersensitivity in the nasal mucosa pollen extracts
were used as allergens. In this investigation clinical
evidence was obtained for non-immediate responses
(late and delayed) of the nasal mucosa to various
other allergens as well, such as house dust, spring
pollen, grass pollen and aspergillus fumigatus. This
statement might confirm Slavin’s observation on the
skin?°; “*. .. delayed skin reactivity to inhalant al-
lergens such as molds, house dust, insects, etc. is not
uncommon.”

In somepatients investigated the nasal provocation
tests were repeated with the sameallergen to ensure
that the measured types of the non-immediate nasal
mucosa responses were (a) not an artefact; (b) not
caused by a second complementary natural exposi-
tion to the allergen and (c) were reproducible. By
comparing the repeated tests in the same person good
reproducibility and correlation were obtained.
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THE EFFECTS OF DISODIUM CROMOGLYCATE AND
BECLOMETHASONE DIPROPIONATE ON THE

IMMEDIATE RESPONSE OF THE NASAL MUCOSA TO
ALLERGEN CHALLENGE

Z. PELIKAN, M.D., F.A,C.A., and M. PELIKAN-FILIPEK, M.D.

This study deals with the comparative investigation of the protective effects ofdisodium
cromoglycate (DSCG) Rynacrom.” Inial® and beclomethasone dipropionate aerosol
(BDA); Aldecin® Beconase” on the immediate nasal mucosa response to allergen

challenge due to the immediate hypersensitivity (Type I allergy) in 50 patients suffering
from allergic rhinitis, DSCG demonstrated distinct protective effects on the immediate
nasal mucosa response to allergen challenge in ail patients investigated, while BDA
failed to demonstrate any protective effects on the immediate nasal mucosa response to
allergen challenge in any of ihe patients studied.

Introduction

THE EFFECTS OF disodium cromoglycate (DSCG)
on the nasal mucosa have been studied extensively dur-
ing nasal provocation challenges with allergens’as well
as duringclinical trials.°* The effects of beclomethasone
dipropionate aerosol (BDA)on patients with nasal com-
plaints have also been the subject of numerousclinical
studies,°*! Most of these investigators reported favora-
ble effects with both these drugs,
We have not yet found any report in the literature

dealing with a comparison ofthe effects of DSCG and
BDAaerosol on the nasal mucosa response to allergen
challenge caused by an immediate hypersensitivity (Type
I allergy), during provocation tests, in a group of well
defined and diagnosed patients withallergic rhinitis.
A comparative investigation of both these drugs per-

formed on the same group of patients would appear to
be of clinical importance for several reasons. First, al-
though these drugs are used very frequently in practice,
there is a lack of well defined indications for their use.
Further, both these drugs are often consideredin practice
to be equivalent alternatives, although they are com-

 
Portions of the results reported in this paper were presented in a preliminary

paper at the Annual Meeung of tie American Academy of Allergy in San
Francisco, 1981.”

Dr. Pelikan is Director ofthe Dept. of Allergology and Immunology, Institute
of Medical Scicuces “De Klokkenbery,” Gaiderseweg 81, 4800 RA BREDA,The
Netherlands.
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pletely different in their pharmacological effects and
actions.

This investigation is part of a large clinical study
dealing with a comparison ofthe effects of DSCG and
BDA aerosol on the various types of nasal mucosa
responseto allergen challenge.
The aim ofthe present study is (a) to investigate the

possible effects of DSCG and BDAonthe nasal mucosa
response (o allergen challenge due to immediate hyper-
sensitivity and (b) if such effects did exist to compare
them andto use this information in defining the indica-
tions for these drugs in the treatmentofallergic rhinitis
due to immediate hypersensitivity.

Materials and Methods
Allergens*

The dialyzed and lyophilyzed extracts were diluted in
Coca’s Solution (dry weight ofallergen in mg per 1 ml
of Coca’s Solution) and used in the following concentra-
tions.

For nasal challenges: (a) house dust, 5 mg/ml; (b) hairs
and feathers mixture,** pigeon feathers, cat danders, dog
danders and wheat flour—each of them, 2.5 mg/ml; (c)

Aspergillus fumigatus and moulds mixture,***—each of

* All allergen exwacts were prepared by Pharmacy “Diephuis,” Groningen, the
Netherlands.
**Cat, dog, cattle. goal, hog, horse, rabbit, rat, mouse, hamster, guinea pig,
canary, goose, duck, turkey, hen, pigcan, parrot in equal proportions by weight.
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them, 2.0 mg/ml; (d) grass pollen mixture,} spring pollen
mixture,t and weed pollen mixture§—each of them,
10,000 Noon Units/ml.*

For skin testing: Allergen extracts identical to those for
the nasal challenges wereusedfor skin testing, only these

were diluted in a 1:10 ratio.

Drugs
(a) Disodium cromoglycate (DSCG)* was used in

powder form kept in capsules. DSCG was applied topi-
cally to the nasal mucosa by means of a special nasal
applicator. One capsule containing 20 mg of DSCG
powder was placed into the special nasal applicator, then
perforated and blown into the nose by an air flow. A
single dose was always just one capsule, contents of
which (20 mg DSCG) were divided equally into both
nosirils.

(b) Beclomethasone dipropionate aerosol (BDA)**
was used in the form of a spray equipped with a special
nasal adaptor. It was administered topically to the nasal
mucosa as an aerosol, Two puffs were always given in
each nostril (1 puff = 50 ug; 1 dose = 2 puffs in each
nostril = 2 X 2 puffs = 4 X 50 ug = 200 pg).

Apparatus and Equipment

This consisted of a one-channel recorder}, an electrical
differential transducer}, a water manometer§, a small
rubber balloon of 5 mm diameter and 25 mm length and
a polyethylene tubes connecting system.

Principle of the Method
The nasal mucosa ofthe patient suffering from allergic

thinitis, when challenged topically by an allergen to
which heis sensitive, reacts with swelling, hypersecretion,

sneezing anditching. These changes influence the pas-
sage of air through the nose, resulting in changes in
pressure differences between the nasopharyngealcavity
and the outside air while the air-flow is constant. These
pressure differences, the so-called NPG (nasopharynx-
nostril-pressure gradient), expressed in cm H,O, were
recorded and considered as a parameter for assessment
of the nasal mucosa reactivity. The mean values of the
NPG were calculated during regular breathing over 90

*** Cladosporium cladosporiodes-clatum-herbarum, Penicillium brevi-compac-
p q Aspergillus ver iger-fi

migatus, Mucor spinosus-mucedo-racemosus, Pullularia pullulans, Botryris ci-
nerea, M ius d ictus, Epi purp t tenuis, Stem-
phylum botryosum, Rhizopus nigricans, Fusariam culmorim and Trichoderma
viride ~ in equal proportions by weight.
+ Dry weight percentage: Secale cereale |$%, Dactylis glomerata 8%, Lolium
perenne 1%, Anthoxanthum odoratum 10%, Agrostis alba 10%, Holcus lanatus
10%, Phleum pratense 10%, Cynosurus cristaius 3%, Alopecurus pratensis [5%.
= Dry weight percentage: Corylusavellana 20%, Alnus species 30%,Salis species
20%, Betula specics 20%, Mynca species 10%,
§ Dry weight percentage: Artemisia vulgaris 33%, Rumex acetosa 33%, Plantago
lanceolata 33%,
* 1 Noon Unit (NU) = 0.00] mg of dry pollen (powder) = 0.5 PNU = 1.3 TNU
* Henceforth abbreviated as DSCG,
** Henceforth abbreviated as BDA,
+A product of Kipp and Zonen, The Netherlands,
=A product of Gould, Godard B.Y., The Netherlands.
§ A product of Lode, B_V., The Netherlands.
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to 120 seconds. This “balloon technique,” being a com-
bination of rhinomanometry anterior and posterior, has
been used and described in our previous papers.!°*?

Patients

In 50 patients from the Department of Allergology
and Immunology suffering from rhinitis with perennial
or seasonalallergic component or a combinationofboth,

the 66 most positive nasal mucosa responses to allergen
challenges due to immediate hypersensitivity (Type I
allergy) were randomlyselected.

All these patients showed (1) nasal complaints (ob-
struction, hypersecretion, sneezing, itching), (2) positive
history to one or more allergens, (3) positive immediate
intracutaneoustests, usually to more than one allergen,
(4) increased blood eosinophilia and (5) positive short-
term nasal provocation tests with various allergens.
These patients were investigated in a period while

symptom-free. None had used DSCG,corticosteroids or
had received previous immunotherapy. No antihista-
minics or topical decongestants were prescribed during
the five-day interval priorto the study.
The clinical characteristics of the patients investigated

are presented in Table I.

Procedure
In each patientthe trial with a single allergen consisted

of one provocation test and two protection tests, using
DSCG or BDAand onecontroltest. There was always
an interval offive to six days between the individual
tests. Before eachtest, after calibration of the apparatus,
a rubber balloon was introduced into the nasopharynx
through oneof the nasalcavities, filled with 2 ml of air

and then connected to the pressure transducer. During
the recording of NPG thepatient breathed only through
the non-intubated cavity, the mouth being closed and
the intubated cavity also being closed by means ofthe
patient’s finger placed on the alae nasi. (The patient’s
finger closing the nostril did not influence the air-pres-
sure inside the tubing and the balloon because the finger
was placed beside the tubing and because the tubing
material, being a PVC with a thick wall and low elastic-
ity, does not allow such an influence.) Five to 15 minutes

after the introduction of the balloon when the patient
was breathing regularly the test was begun.

Provocation Test With an Allergen
This consisted of the following steps,
“Tnitial test.” The NPG values were recorded at 0, 5

and 10 minutesto obtain the so-called “initial values.”
“Coca’s test.” The Coca’s Solution was applied for

three minutes to the nasal mucosa of the non-intubated
nasal cavity by means ofa saturated wad ofcotton wool
on a nasal probe. The NPG values were then recorded
at 0, 5 and 10 minutes. If no significant change of the
mean NPG “Coca’s values” with respect to the mean
“{nitial values” was measured, the investigation was
continued.

Allergen challenge. The nasal mucosa was challenged
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Table |. Clinical Characteristics of the Patients Investigated.

Nasal complaints Skin tests (i.c.)—immediate response
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47 ++ ++ ++ +++ 1100 ++ ++ + = ++ D +) PE  PE,GP
48 +++ ++ ++ + 390 + - +++ + + =P =) SP
49 +++ et + + 1155 + = - - + Mm + AF AF
60 + + + = 495 + = +++ = =a = Bi HD
 

HD = house dust. HF = hairs and feathers mixture; GP = grass pollen mixture; SP = springpollen mixture; C = cat hair; D = dog hair,TP
= tree pollen mixture; WP = weed pollen mixture; Mm = moulds mixture; AF = Aspergillus fumigatus; FP = flower pollen mixture; WF =
wheatflour; FM = flour mix; PF = pigeon feathers.
The evaluation of the intracutaneous tests:
- = normal skin appearance.
= = wheal not greater than original injected papule.
+ = wheal increase up to 7.5 mm in diameter
++ = wheal increase up to 10.0 mm in diameter.
++ = wheal increase up to 12.5 mm in diameter.
+++ = wheal increase up to 15.0 mmin diameter.
+++ = Wheal increase greater than 15 mm, with surrounding erythema and sometimes with “pseudopodia'’.

with the allergen for three minutes in the same way and
on the samesite as with Coca’s Solution. The NPG
values were then recorded at 0, 5, 10, 20, 30, 45, 60, (90)
and 120 minutesafter the end of the challenge.
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The provocation tests were considered to be positive
when the mean NPG values after the allergen challenge
increased by at least 2.0 cm of HO with respect to the
“initial” and “Coca’s Solution”values.
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Protection Test With Disodium Cromoglycate (DSCG) applied topically in a sufficient dose before allergen TortsdieSarveyotRated heSernaRosaiecessure Gradient (NPG) Values in em H20 Recorded During the Nasal
Protection Test with Beclomethasone Dipropionate (BDA) challenge, was able to decrease significantly or to prevent 198 os 3 = =

Both the protection tests were performed in the same fully the development of the nasal mucosa responseto Seas Timein minutesafter challenge
manner and according to the same schedule. The patients allergen challenge due to immediate hypersensitivity. ; Initial «=

: : Patient Allergen" ae i 5! 10! 20! 30! 45° 60! 90! 120!were always pre-treated with the appropriate drug of 4 These effects last at least two hours. value valuo
x 1 dose daily, starting two days before allergen chal- ‘ si 1 HO 2.5 2.7 3.4 3.3 3.5 57 6.1 5.5 47 3.7 3.1
\ On th ¥ hall 8 day” e ae Pe aa Protection Test with BDA ; ‘ @P 2.2 22 3.0 63 88 116 136 96 56 25 26
SHEEeee ne, ChaeORO:OBire ECeLUE oboe y The NPGvalues recorded during the protection tests 2 HD 2.0 2.0 23 3.4 8.6 12.9 10.0 6.0 3.4 24 2.1
twice; at 120 and at 10 minutesprior to challenge. with BDAin individual patients are shown in Table IV GP 3.4 3.6 46 7.5 7.3 10.4 8.0 7.8 47 47 3.8

‘ i is simi : ; g at 3 GP 24 2.1 3.0 44 5.2 6.1 65 5.4 3.5 2.3 24The basic schedule of the protection tests is similar to Comparing the results presented in Table [V with nS a Se Bo 40 a ae 400 ae e bi a
aed the provocation test. formed “single bling,” {08 Shown in Table TI,it could be concluded that BDA, 4 3P 18 a4 29 3.8 27 84 8088 10.2 se 64

e protection tests were performed as “single x : . : ‘ 6 ; ; 4 : ‘ : : 7.3 7.0 3.4
ese the Galant Hit ner WheSBEthedrugs was  Whenapplied topically in a sufficient dose before allergen é ap 47 4.8 137 222 248 260 217 201 200 118 46
ete icea e challenge, was not able to decrease significantly the HD 4.0 44 19.6 24.6 27.7 30.9 30.7 11.9 14.4 — 3.9

ae - development of the nasal mucosa response to allergen 7? HD 24 24 1.8 44 3.8 8.2 43 5.1 5.2 1.7 1.8
The protective effects of the drug were considered to chall P die: tis siamediaia & : Ee Wisag ae 8 HD 4.4 4.5 9.3 10.4 15.4 22.6 13.9 14.5 9.3 — 49
nF . enge due (oO Immediate DYPEISENSIUVUY ¥ 8 GP 24 1.7 45 6.3 6.8 7.9 7.2 6.5 8.9 2.9 3.0

be significant when the NPG valuesafter drug followed the patients investigated. 10 GP 1.4 1.6 3.0 3.7 4.6 7. 84 9.4 7.0 Sa (le
by allergen challenge decreased. by at least 50% with The mean NPG values recordedin all patients during HD 3.2 $4 6.2 Ge Meg ee Say CBR EER oe Be: 17 1. 3.4 4.5 js : 0 i 47 — 2,respect to the NPG values after allergen challenge only. a) three tests with respect to the mean NPG values after vy SF EA he oa ae ee oe Be ao An E e3

The Control Test with Coca’s Solution the Coca’s Solution challenge are summarized in Figure 13 GP 5.0 5.1 19.0 24.4 28.6 27.4 20.6 29.0 28.9 17.4 6.7x 1 14 HD 2.2 3.2 5.0 6.3 8.3 12.4 3.8 3,2 3.7 — 29
This test was performed three to four days after aller- I. 16 ap 15 7 14.2 184 175 183 179 221 143 = 6.7

en challenge. After the “initial NPG values” at 0, 5 and , , : 16 GP 24 2.4 79 8.0 14.0 3.6 3.8 6.7 6.2 4.0 3.3
5 Dea Coca’s Soluti applied tothe nasal ©ura! Test With Coca’s Solution 17 GP 47 52 14.9 #80 229 482 168, 423. i436 29 32
ateti re ee u ee eee ie or pe The mean NPG yalues recorded after Coca’s Solution 18 HD 6.0 6.4 63 7.5 83 88 109 109 118 = 48

mucosa © same way and on s = Sat 3 5 ant ; SP 5.2 5.6 8.5 8.5 8.8 11,7 9.2 9.3 9.8 = 5.6I an NPG val <o aS vechrded application did not differ significantly during the whole 3 ip 5 =e ee aD ane ue 45 5a eae ise an
CUS LAY eae aeean a NAICS WCE test (up to 120 minutes). These changes varied within 1.2 GP 3 48 306 307 307 307 307 30:7 407 ce BO
from 0 to 120 minutes. cm HO. 20 WP 2.8 33 7.7 78 102 137 233 190 15.9 ae 69
Statistical evaluation* Accompanying Findings = be an ee Se ae We 15a bp tas ate a3
The results were analyzed and statistically evaluated a. In all cases a positive nasal mucosa response to 22 HD 3.4 3.2 3.5 5.0 5.7 5.5 I 6.6 7.6 - 3.6

by means of polynomials which were fitted and the allergen challenge, recorded during the provocation tests Si oa et ae Te ies 18 ae es es Bey ea
hypotheses were tested by the Potthoff and Roy’s” gen- (Table IT) was accompanied by acute nasal complaints HF 37 3.7 5.8 62 7.0 97 ©6144 13.7 10.4 — 4.8
eralized multivariate analysis of yariance model (gener-_ (obstruction, hypersecretion, sneezing, itching) whose = os = ee 1o8 ae ae an ve Bt ue 2.6 oS
alized Manova Model) presented by Timm. course ran parallel to the changes in the NPG values. AF 28 29 62 15.7 281 250 233 106 10.6 os 24
Results b. During the provocation tests and also, to a lesser A ae ee $8 eA 1 ae et a 1 ia ae 28 — 3

, : : 5 di 2: 1. 5 d : ; 3 : i 0 — 1,
The results of this study are given in Tables Il, Hand  9¢8*¢#, during the protectiontests with BDA, lividity of 26 HO 4.0 44 48 4.9 63 a 4A 8.8 is = BS

IV and Figure1 the nasal mucosa appeared in most of the patients stud- 27 Mm 1.2 12 26 24 7.3 40.2 124 33 a> = ie
~ ied. This lividity was not observed during the protection HO 1.4 1.5 3.8 3.1 47 5.7 5.1 9.4 8.3 44 5.4

Provocation Tests tests with DSCGin any of the patients. oo op ob © ao (ep cae goo fee 4) 2 2A survey of the NPG values recorded during the ‘ti F 30 ap 1.8 1.8 24 7.2 6.2 77 89 4.6 6.2 = 24tat a indivi Hes en The Statistical Analysis of the Results 31 @pP 2.2 2.2 25 6.0 5.5 5:3 5.6 48 ae Slyprovocation tests in individual patients is given in Tableil Hypothesis No. J. All three curves (ALL, BDA, 32 GP +8 ay a3 ze 6.2 6.8 15.8 8.5 41.5 9.6 7.3
$ : : , ; CG) coincide; this hypothesis is rejected < 0.01), 33 HE 1. : 3 ' 11.6 10.2 6.9 6.2 5.6 — 2.5
Ascan be seen in TableII, the 50 patients investigated Pa 2 is No. 2. Th ge d BDA Powe 34 GP 37 3.5 5.2 5.2 5.3 12.3 10.6 12.0 10.1 7A AT

di trated tal of 66 positi 1] x ypotnesis NO. < INC-/ an Curves COINncide; 35 Cal 24 2.6 5.2 8.0 10.3 14.2 16.9 11.2 8.7 = 65
SORE ea. oun POstHVe Rasay mucusa 7 this hypothesis is not rejected (p > 0.10). Hypothesis No. 36 sP 2.9 28 44 5.2 67 7.2 7.2 5.7 6.0 3.1 3.2sponsesto allergen challenges. This type of nasal mucosa 3. the DSCGcurveis horizontal; this hypothesis is not 37 Cal 1,3 1.4 TT 13.8 21.4 217 23.8 13.8 7.4 7.2 6.3

response, considered by us to be due to the immediate rejeted (p > 0.15) ° eS Dog Xt i4 - e ie oa Bs a ie i) 2.2 a8

hypersensitivity (Type 1 allergy), began within 10 min- “Etanation of the abbyeviations: ALL = NPG values 40. Mm 3.1 2.6 a7 Basi‘Cee te «om a7s 1 Tninutes ani 1S- . . by: a 41 , SS 4 a 10.5 41.3 10.1 —_— KSaiiewee Ontoyuanthe aeee i recorded during the provocation tests; DSCG = NPG we us ee aS oy us ae 56 54 5.2 = as
tien fa ed eee ae ergen values recorded during the protection tests with DSCG; 42 Mm 2.0 2.2 3.8 6.8 6.5 8.1 7.8 7A 73 4.7 5.0

5 ° BDA = NPGvalues recorded during the protection tests a ae Aa re ie wa ae ee ee gs 5.2 a D3
Proiection Test with DSCG with BDA. 45 HD 36 32 49 57 6.0 78 o117)~=18B 18.8 672s
The NPG values recorded during the protection tests 46 WF 2.0 2.0 2.8 4.6 9.2 5.9 7.3 8.3 6.7 5.0 3.0

with DSCGin individual patients are presented in Table Discussion a =p os a a 1 te SS eee ea es
a ame ieee sal Tele Huis Nasal provocationtests have becomea very important oe ac 42 oo e Gs a qo Te ag oe ee a

omparing the results given in Table with those art of the diagnostic regimen in patients with allergic 5 % : = ; : : : : ; : :shownin Table II, it can be concluded that DSCG, when P ee a P 5 50 AO Tis ua ae NG ad ey te0 re Here a2 ae rhinitis."**°?* These tests, which are performed di-< $ : . : HD = house dust; GP = grass pollen; SP = spring pollen; WP = weed pollen, HF = hairs and feathers; AF = Aspergillus fumigatus; Mmrectly at the site of the antigen-antibody interaction, iLe., = moulds mix; Cat = cat hair; Dog = dog hair; WF — wheatflour; PF = pigeon feathers.
the nasal mucosa, should confirm or exclude the role of The “Initial value" as well as the ''Cocavalue" are the mean NPG values, always calculated from three values, as recorded at 0, 5, and 10
gee : . S minutes

* The calculations were performed by Dr. M.P.F, Berger (Dept. Psychology. individual allergens in the production of nasal com
University of Tilburg, Tilburg, The Netherlands), using PDP 11/45 computer. plaints where allergic reactions are suspected.
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Time in minutes after challenge

P

Allergen
challenge

ite (BDA)in|

THE EFFECTS OF DSCG AND BDA ON NASAL MUCOSA — PELIKAN  Table IV. Survey of the Mean Nasopharynx-nostril-pressure Gradient (NPG) Values in cm H2O Recorded During the Nasal Protection
Tests with B:

Time in minutes after challengeAllergen
challenge

THE EFFECTS OF DSCG AND BDA ON NASAL MUCOSA— PELIKAN Table Ill. Survey of the Mean Nasopharynx-nostril-pressure Gradient (NPG) Values in om H,O Recorded During the Nasal Protection
Tests with Disodium Cromoglycate (DSCG)in Individual Patients.
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Initial value’ as well as the "Coca value” are the mean NPG values, always calculated from three values, as recorded at 0, 5, and 10

HD = house dust; GP = grass pollen; SP = spring pollen; WP = weed pollen; HF = hairs and feathers; AF = Aspergillus fumigatus; Mm

minutes,

= moulds mix; Cat = cat hair; Dog = dog hair; WF = wheatflour; PF = pigeon feathers,
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Onan nnn!* BDA followed by allergen challenge
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time in minutes after allergen challenge
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Figure |. Provocation test and protection tests with DSCG and BDA, Mean NPGvalues recorded
from all patients during these tests with respect to the appropriate Coca’s Solution mean NPG values.
DSCG = Disodium cromoglycate: BDA = Beclomethasone dipropionate,

We have used these tests as a standard part of the
diagnostic approach for detection of the nasal mucosa
response to allergen challenge due to immediate hyper-
sensitivity (Type I allergy)?"and recently we have
also used the technique for the detection of other types
of response in the nose, i.c., the late response (possibly
Type III allergy) and the delayed response (possibly
Type IV allergy.)**’ We have recently provided evidence
that nasal provocation tests with allergens are more
importantfor the diagnosis of immediate hypersensitivity
in patients with rhinitis than the serum RAST,”
Wealso use these tests in another modification, the

so-called protection tests, using an anti-allergic drug
prior to allergen challenge. The “protective effects” of a
drug commonlyreferto its ability to prevent or decrease
significantly the developmentof the changesin the nasal
mucosa (swelling, hypersecretion, sneezing, itching)
caused by an antigen-antibodyinteraction.'**.”
The method and apparatus used in the present study

were similar to those used in our previousinvestigations'
and in our preliminary study.”

In these studies DSCG demonstrated distinct protec-
tive effects on the nasal mucosa response to allergen
challenge due to immediate hypersensitivity (Type |
allergy) in patients with pollinosis as well as with per-
ennial rhinitis.’"” Our results have been confirmed by
other studies dealing not only with clinical trials’*® but
also with nasal provocationtests.>*
The effects of BDA have also been studied both in

patients with allergic rhinitis, either with a seasonal
component (hay fever) or with a non-seasonal compo-
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nent (perennial rhinitis)'°*** and in patients with
allergic bronchial asthma.*** '
Most authors have reported a beneficial therapeutic

effect of BDA in the treatment of rhinitis symptoms.
They evaluated the effects of BDA bya simple clinical
screening system (patient's subjective complaints score).
They did not analyze exactly the different pathophysio-
logical mechanisms (e.g., antigen-antibody interaction
due to immediate hypersensitivity or the possible role of
other Lypes ofallergic reactions, non-specific hyperreac-
tivity of the nasal mucosa, possible reflex-reaction,etc.)
playing arole on the nasal mucosa andall resulting in a
similar spectrum of nasal complaints. Also they did not
confirm the allergic componentin these patients by nasal
provocation tests with allergen.

In the literature we found only a few reports dealing
with the investigation ofthe effects of BDA on the nasal
mucosa using allergen challenge.”*?*"*" Vilswik et al”
demonstrated significant inhibitory effects of BDA in a
daily dose of 400 ug for one week on the “allergen-
induced immediate nasal blockage” as measured by
rhinomanometry. Haahtela™ found beneficial protective
effects of BDA (in a dose of 200 pg in each nostril) on
the nasal mucosa response to allergen challenge. They
did not find differences between the positive effects of
DSCG and BDA onthe nasal mucosa response. On the
other hand, Mygindet al” could not demonstrate any
significant effects of BDA in a daily dose of 800 yg on
the nasal mucosa response to allergen challenge due to
the Type I allergy.
The methodsused by Vilswik et al” and by Haahtela™
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seem to us to have some disadvantages, e.g., the tech-
nique of only peak-expiratory flow, the nasal resistance
was recorded during too short an interval after allergen
challenge,insufficient analysis of the patients. This could
explain the differences in the results of their and our
studies. On the other hand, although onlya single time
point of measurement was used by Mygind etal,® their
observation of a lack of BDA protective effects on the
nasal mucosa response to allergen challenge due to Type
I allergy is in agreement with ourresults. The lack of
any protective effects by another topical corticosteroid
(dexamethasone 21-isonicotine) against Type I allergy in
the nose has been reported in our previous study.”*

Theresults of our present study, demonstrating a lack
of protective effects by BDA and showing the distinct
protective effects ofDSCG on the nasal mucosa response
to allergen challenge due to immediate hypersensitivity
(Type I allergy), are similar to those described by Pepys
et al**" and Booij-Noord et al‘ during bronchial
challenges in asthmatics.

Theresults of the present study could be explained by
the known pharmacological qualities of these drugs and
their influence on the mediator cells such as mast cells
(basophil leucocytes). These cells play a pivotal role in
immediate hypersensitivity (Type I allergy). DSCG can
protect the mast cells (basophil leucocytes) from their
degranulation and subsequent release of mediators.!"®
DSCGis, therefore, pharmacologically indicated for the
treatment ofallergic rhinitis, most cases of which are due
to immediate hypersensitivity.
BDA,being a glucocorticosteroid, has a high topical

anti-inflammatory activity but its direct protective effect
on the mastcell and basophils has not yet been demon-
strated, Recently some reports suggested possible effects
of corticosteroids, including BDA, on the metabolism

and action of cyclic AMP and cyclic GMP“ which may
be involved in the later stages of various types of hyper-
sensitivity producing bronchial asthma symptoms.”

Therole of cyclic AMP and cyclic GMPin immediate
hypersensitivity of the nasal mucosa, being a typical
topical event, has not yet been described. The absence of

smooth muscles in the nasal mucosa makes such a role
for CAMP and/or cGMPin allergic reactions of the nasal
mucosa improbable, Glucocorticosteroids, however, in-
hibit other types of allergic reactions, different from
Type I e.g. Type 111”? and perhaps Type IV."
Corticosteroids, including BDA, are more successful in
forms of rhinitis, where a distinct inflammatory compo-
nent also occurs, or where the nasal complaints (swelling
of the mucosa, hypersecretion) are caused by mecha-
nisms other than Type I allergy.
DSCGas well as BDA was used in the present study

in doses which correspond to those reported by the
literature,*°"°7)4*-5.0 Phe daily dose of DSCG rec-
ommended by these investigators was 4 x 20 mg, while
the recommended daily dose of BDA was between 300-
800 pg, usually 400 ug. It can, therefore, be concluded
that the lack of protective effects of BDA observed in
our study could not have been caused by under-dosage,
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The present study confirms the distinct protective
effects of DSCG on Type I allergy in the nose reported
in several previous studies. However, our study did not
confirm the beneficial therapeutic effects of BDA in
patients with allergic rhinitis caused by Type | allergy,
as reported by numerous authors,
The so-called beneficial effects of BDA in patients

with rhinitis symptoms as observed by other authors can
perhaps be explained by the following facts.

(a) The nasal complaints, at least in some of the
rhinitis patients, were not caused by the immediate hy-
persensitivity mechanism but were caused by nonspecific
hyperreactivity (vasomotor rhinitis) without any direct
involvementof an antigen-antibody interaction.”*

(b) Mostofthe trials did not demonstrate that the so-
called positive action of BDA,evaluated by a recording
of the simple daily nasal complaints’ score, was really
due to the positive effects of BDA on the antigen-anti-
body interaction andits consequent effect on the nasal
mucosa (= due to immediate hypersensitivity).

(c) The relief of nasal symptoms could have been
causedby the anti-inflammatory action ofBDA(possibly
also by its decongestantside effects).

(d) The analysis of patients investigated and evalua-
tion parameters recorded in these studies are questiona-
ble.
The present study suggests that immediate hypersen-

sitivity (Type 1 allergy) in the nasal mucosa can be
successfully protected by DSCG, while BDAis ineffec-
tive.

DSCGisindicated for the treatment of most cases of
allergic rhinitis caused by immediate hypersensitivity
(Type I allergy).

BDAis indicated for the treatment of the forms of
allergic rhinitis: (a) where types ofallergic reactions,
different from the Type I, mayplay role, (b) as adjunct
therapy to DSCGin patients where nasal mucosa edema
cannot be sufficiently decreased, (c) where rhinitis is
known precursor to bronchial asthma and (d) in cases
where the inflammatory component is a predominant
cause of nasal complaints.
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THE EFFECTS OF DISODIUM CROMOGLYCATE AND
BECLOMETHASONE DIPROPIONATE ON THE LATE

NASAL MUCOSA RESPONSE TO ALLERGEN
CHALLENGE

Z. PELIKAN, M.D.. F.A.C.A.

The protective effects of disodium cromoglycate (DSCG) and beclomethasone
dipropionate (BDA) on the late nasal mucosa response to allergen challenge (LNR)
were invesiigated in 42 patients with allergic rhinitts. The 42 patients, selectedfrom a
group of 370patients, developed total of 52 late nasal responses (LNR), 13 of which
were isolated late responses (ILNR) and 39 of which were dual responses (DNR), i.e.,
where the late response (DLNR) has been preceded byan immediate response (INR).
Significant protective effects on the immediate and on the late nasal mucosa responses
were seen following the use of DSCG. Thelate response, being a part of the dual
response, was decreased by DSCGio a higher degree than the isolated late response.
Although BDA also decreased the late response, the isolated late response was
decreased to a greater degree than that demonstrated as @ part of the dual response.
The immediate response was not influenced hy BDA at all. It is suggested that DSCG
should be used as a dritg offirst choice to control the allergic rhinitis symptoms.
Hlowever, in the presence of the late nasal response, BDA should be added, at least at
the beginning of the treatment and during ihe period ofpeak exposure to allergen, 1.c.,
the pollen season.

Introduction

THE EFFECTS OF DISODIUM cromoglycate
(DSCG)as well as beclomethasone dipropionate (BDA)
in patients with allergic rhinitis have been investigated
extensively, In most of these studies the patients were
treated with these drugs at specific times and the only
measures of effectiveness included clinical scores.’“
There are only a few reports of the effects of both drugs
on the nasal mucosa using nasal provocation tests with
allergens.*"*

We. are unaware of any literature dealing with a
comparisonofthe effects of DSCG and BDA onthe late
nasal mucosa response during nasal provocationtests in
the same group of rhinitis patients. The late nasal re-
sponses (which could possibly be caused by late hyper-
sensitivily, Type III allergy) have been described by the
author in previous reports, '"''*

Docior Pelikanis Director of the Departmentof Allergology & Ummunology.
Institute of Medical Sciences “De Klokkenberg,” Galderseweg 81, 4800 RA
Breda, The Netherlands.

This study is a continuation of our previous papers
dealing with the protective effects of DSCG and BDA
on the nasal mucosa response to allergen challenge due
to immediate hypersensitivity (Type I allergy)."’
The purpose of this investigation was to study the

possible existence of protective effects of DSCG and
BDAonthe “late nasal mucosa response” during nasal
provocation tests, to compare them and to determine the
indication of both drugs for the practical treatment of
allergic rhinitis, The late nasal mucosa response may
indeed play an importantrole in producing symptoms of
rhinitis in many patients. '*~’* This responseis frequently
overlooked in practice and could be responsible for the
treatment failure in somerhinitis patients.

Materials and Methods

Allergens *
Dialyzed and lyophilyzed water extracts were diluted

in Coca’s Solution (dry weight of allergen in mg per |

* Allallergen extracts were prepared by Pharmacy “Diephurs,” Groningen, The
Netherlands,
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mil of Coca’s Solution) and used in the following concen-
trations;
For nasal challenges: (a) house dust, 5.0 mg/ml; (b)

hairs and feathers mixture,** pigeon feathers, dog dan-

ders, cat danders, wheat flour, each of them of 2.5 mep/

mil; (c) moulds mixture,*** Aspergillus fumigatus, 2.0
mg/ml; (d) grass pollen mixture,f spring pollen mix-
ture,j} weed pollen mixture,}{} tree pollen mixture,t
each of them of 10,000 Noon Units (NU)/mL.*
For intracutaneous tests: allergens, being identical to

those used for nasal challenges, were diluted in a 1:10

ratio.

Evaluation of the Skin Tests

The intracutaneous tests were evaluated at 20 minutes,
6-8 hours, 12, 24, 48 and 60 hoursafter intracutaneous
injection of allergen in a dose of 0.05 ml. These tests
were considered to be immediate positive within 20
minutes andlate positive after six or more hours (usually
within 24 hours). The evaluation parameters are pre-
sented in the legends of Table I.

Drugs

a. Disodium cromoglycate (DSCG)* in powder form
kept in capsules, was applied topically to the nasal
mucosa by meansof a special nasal applicator. One dose
of DSCG was always one capsule containing 20 mg of
DSCG powder, which was put into the nasal applicator,
then perforated and blown into the nose by an air flow
and in this way divided equally between both nostrils.

b. Beclomethasone dipropionate (BDA),** equipped
with a special nasal adaptor, was administered to the

nasal mucosa as an aerosol. One dose was always 2 puffs
in each nostril (= 200 yg),

Apparatus and Methods

These have been described in previous pa-
pers,"The method could be briefly summarized
as follows:

In a patient with allergic rhinitis who is challenged
topically with an appropriate allergen to which he is

** Cat. dog, cattle, goal, hog. horse. rabbi, rat, mouse, hamster. guinea pig,
canary, goose. duck, turkey, hen, pigeon. parrot, in equal proportions by weight,
"** Cladosporium cladasporiodes-elatum-herbarum. Penicillium brevi-compzc-
tum-tx ps -notatum-freg commu pergillus versicolor-nigerfu-
Migatus. Mucor spinosus-mucedo-racemosus, Pullularia pullulans, Botryis ci-
nerea, Merculius domesticus. Epicoccum purpurascens. Alternaris tenuis, Stem:
phyhum botryosum, Rhizopus nigecans, Fusarium culmorum and Trichoderma
vitide—in equal proportions by weight,
+ Dry weight percentage: Secale cereale 15%, Dactylis glomeraia 15%, Lolium
perenne 10%. Anthoxanthum odoratum |0%. Agrostis alba 10%. Holous lanatus
10%, Phleumpratense 10%. Cynosurus cristatus 5%, Alopecurus pratensis 15%,
+4 Dry weight percentage: Corylus ave)lana 20%. Alnus species 30%. Salis species
2%, Betula species 20%, Mynca species 14%
ath Ory weight percentage; Artemisia vulgaris 33, Rumex species 33%, Plantago
lanceolata 33%,
+ Dry weight percentage: Tilia species 207 , Sambucus nigra 20. Syringa vulgaris
20%, Philadelphus coronarius 20%, Robinia pscudo-acacia 20% x

1 Noon Unit/NU)= 0.001 mg ofdry pollen (powden = 0.5 PNU = 13 TNU.
* Disodium cromoglycate = henceforth abbreviated as DSCG,
** Heelomethasone dipropionate = henceforth abbreviated as BDA.
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sensitive the nasal mucosa reacts with swelling, hyperse-
cretion, sneezing and itching. These changes then influ-
ence the passage of air through the nose, resulting in
changesin pressure-differences between the nasopharyn-
geal cavity and the outside air, while the air flow remains
constant. These pressure-differences, the so-called NPG
(nasopharynx-nostril-pressure gradient), expressed in cm
of H,O, were recorded and considered as a parameter
for the reactivity of the nasal mucosa.

Patients

Of a group of 370 patients with allergic rhinitis ex-
amined in our department by a routine diagnostic pro-
cedure including short-term nasal challenges with one or
more allergens, 46 complained ofacute nasal symptoms
within 6-14 hours after allergen challenge. This late
appearance of nasal symptoms was then confirmed by
long-term nasal provocationtests, as a late nasal response
to allergen challenge, in 42 patients. These 42 patients

selected for the present study demonstrated (1) nasal
complaints (obstruction, hypersecretion, sneezing, itch-
ing), (2) positive histories to one or moreallergens, (3)
positive intracutaneous tests to one or more allergens
(immediate skin response), (4) increased blood eosino-
philia, (5) positive nasal responsesto allergen challenge
due to immediate hypersensitivity (Type | allergy), (6)
late nasal mucosa response to one or more allergens.
which appeared after some short-term nasal provocation
tests.
The patients were always studied during a period

without manifest nasal complaints. They were not re-
ceiving anti-allergic therapy during the 10 days prior to
this investigation. None of these patients had used diso-
dium cromoglycate, corticosteroids (topical or systemic)
or immunotherapy in the past.
The clinical characteristics of the patients investigated

are given in Table I.

Procedure
This study consists of three experimental parts (prov-

ocation test, protection test with DSCG,protection test
with BDA) and one control test with Coca’s Solution,
performedin eachofthe patients investigated. An inter-
val of 3-5 days was allowed between the individual
phases.
Each test began with calibration of the apparatus. A

rubber balloon was then introduced into the nasophar-
ynx through oneof the nasal cavities, filled with 2 ml of
air and connected to the pressure transducer. The patient
breathed through the non-intubated nasal cavity only,
the mouth being closed and the intubated cavity also
being closed by the patient's fingers placed on the alae
nasi. Five to 15 minuteslater, when the patient’s breath-

ing was regular, the test was started.

Provocation Test with Allergen

The “initial iest.”” The NPG values were recorded at 0,
5 and [0 minutes to obtain the so-called “initial values”
(base line).
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Table |. Clinical Features of the Patients Investigated.
 

Blood Fy ; Allergen investigated
Nasal complaints Lividity .eosino- Sbin:testsMeefesronee and type of nasal re-

cinasal phils sponse observed
: Obstruc- Hyperse- ai mucosa per, Basic Complemen-Patient tion cretion sneezing mms HD HE GP SP tary 1+ Ill o+u

1 7 + + ~ A5i + ++ + +TP HO
2 ~ + + ae 1309) ft th +44 ++ +--+ PF HD, GP PF
3 +++ +++ +++ = 440 + - - +WP GP
4 + + + + 451 = +z = +++WP HD
5 + + + +++ 1045 ++ + tot + ++D HD
6 ++ F ++ ~ 517 ++ tt Att ++ ++D GP
7 + + + - 1441 ++. ++ +++ tt +C GP
8 bet +++ +++ +++ §39 + ek + + +O GP
g +++ t+ +++ + 385 +: ++ ++ ++ ++0D GP
10 +++ +++ +b = 220 + = CS + + FP HD
VW + + + +4 1341 +4 + +++ ++ +++ TP GP
12 ++ ++ fae +++ 66% te +++ + = +4+C GP HD
13 tok +++ +++ - §06 + + ++ + ++ C GP
14 + +4 ++ spice 241 + + - - +Ca SP
15 +44 at TS +++ 781 + stat xe: = ++ FP HD
16 +4 +++ +4 4+ hie 737 + ++ + = +++C€ HD
17 +++ +++ +o + 682 zs = = +Mm_ GP, SP, HF
18 b+ ++ + - 440 ++ + + - ++ ban GP, AF, Mm

19 tt +++ +++ + 1210 ++ +4 ++ ++ ++Mm HO
20 + £ + = 495 = Fez = + CaF HD GP.
21 + ++ = - + 495 ++ + = - +Mm Mm GP
22 +++ +++ + +o +++ 363 +e + + + +Mm GP
23 + — a 517 ae + + ++Mm GP
24 + 7 + 44 919), +++ Sa he + ++ W HF
25 +++ +++ Fish + 704) ee OH ++ ++ +++GPH SP
26 +++ +44 +++ = Wie +++ Seater + ++0D HD, GP
27 +++ +++ bbb = 495 = =: = +CaF HD
23 + ++ + + 508 +2 = - a ++Mm Mm
29 t+ - + ++ 1045 +4 +4+ + + +++D 0
380 + + = bat 770 + + tad +Mm HD
31 4 +t ++ +++ 1100 ++ ++ + - +:PF. PF
32 tat +4 ++ + 990 = + + +i FP SP
33 ++ ++ + + 363 ++ $4++ = = +++WF WE
34 - ~- +++ - 649 ++ - +++ ++ + WP GP
35 + ++ +++ ~ $61 + + + ++ tHe ++ WP GP
36 tisk tte +++ + 1144 = + = + Mm HE
37 +++ +H +++ + 429 ++ + + ++ Mm HD
38 + o + +++ 1462 ++ + = = +C€ GP
39 +++ +++ +++ + 495 ++ ++ te +t+t ++ TP TP
40 eat. ++ + + 209 ++ ++ +44 +4+ ++ CaF GP
41 +++ = +++ = 2200 +t = + + Mm GP
42 + = + = 776 + a = oF +t HeF HD
 

HD = house dust; HF= hairs and feathers mixture; GP = grass pollen mixture; SP = spring pollen mixture; C = cat hair; D = dog
hair; GPH = guinea pig hair; HeF = hen feathers; CaF = canary feathers; PR = pigeon feathers; TP = tree pollen mixture; FP =
flower pollen mixture; WP = weed pollen mixture; WF = wheat flour; Mm = moulds mixture; AF = Aspergillus fumigatus; W = wool;
Ca = capok
Nasal mucosa responses:

0 = immediate response negative: | = immediate response positive; Ill = late response positive.
The evaluation of the intracutaneous tests:

— = normal skin appearance.
+ = whealnot greater than original injected papule
+ = wheal increase up to 7.5 mm in diameter,

++ = wheal increase up to 10.6. mm in diameter.
++ = whea! increase up to 12.5 mm in diameter.

+++ = wheal increase up to 15.0 mm in diameter.
+++ = wheal increase greater than 15.0 mm. with surrounding erythema and sometimes with “'pseudopodia."'

The “Coca’s Solution test."" Coca’s Solution was ap-
plied to the nasal mucosa under the medial concha of
the non-intubated cavity by means of a wad of cotton
wool on a nasal probe, for three minutes, The NPG
values were recorded at 0, § and 10 minutes. If no
significant changes in the NPG values after Coca’s So-
lution with respect to the “initial NPG values” appeared,
the investigation was continued.
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The allergen challenge. The nasal mucosa was chal-
lenged by the allergen for three minutesin the same way
on the samesite as by the Coca’s Solution. The NPG
values were then recorded at 0, 5, 10, 20, 30, 45, 60, (90),

120, 150, 180, 210 and 240 minutes and then every hour
up to the 11th hour and every second hour during the
24~36th-hour and 47—50th-hourintervals. The provoca-
tion tests were considered to be positive when the NPG

ANNALS OF ALLERGY
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values after allergen challenge increased by at least 2.0
cm of H,O with respect to the “initial” and ‘‘Coca’s
Solution values,”

Protection Test with Disodium Cromoglycate (DSCG)

Protection Test with Beclomethasone Dipropionate
(BDA)
Both protection tests were performed in the same

manner and according to the same schedule.
The patients were always pretreated with the appro-

priate drug in a daily dose of 4x1, starting two days
before allergen challenge and continuing through the
“challenge day” (daily dose of 5X1) up to two days after
the “challenge day” (in a daily dose of 4X1), The drug
was always administered at 7 a.m., 12 a.m., 6 p.m. and
1] p.m. With the exception of an extra drug dose,

administered after “Coca’s Solution values” and 10 min-
utes prior to the allergen challenge, the schedule of the
protection tests is similar to that of the provocationtests.
The protection tests were performed as“single-blind.”

Theprotective effects of the drugs were considered to
be significant, when the NPG values recorded after
pretreated allergen challenge decreased by atleast 50%
with respect to the NPG values recorded after the non-
pretreated allergen challenge.

The conirol iest with Coca’s Solution was performed
three days afier the provocationtest. After the recording
of the “initial NPG values’ the Coca’s Solution was
applied to the nasal mucosa for three minutes in the
same way as described above. The mcan NPG values
were recorded up to a 50 hours’ interval.

Statistical analysis.* The results were analyzed and
statistically evaluated by means of polynomials, which
were fitted and the hypotheses were tested by the Pott-
hoff and Roy's” generalized multivariate analysis of
variance model (generalized Manova Model) presented.
by Timm.” A p yalue < 0.01 was considered as highly
significant, a p value < 0.05 as significant and a p value
> 0.05 as non-significant,

Results
Provocation Tests
A survey of the NPG values recorded during the nasal

provocationtests in individual patientsis given in abbre-

viated form in TableII.
The 42 patients developed a total of 52 nasal mucosa

responses within 4-24 hours after allergen challenge.
This response began within 4~8 hours, reached its max-
imum within 6-12 hours and disappeared within 24-26
hours after allergen challenge in most cases. This type
was considered to be the “late nasal mucosa response” *
to allergen challenge which could possibly be due to the
late hypersensitivity (Type III allergy).

The“late nasal mucosa response” was observed in two

* The calculations were performed by Dr, M. P. F. Berger (Dept. Psychology,
Univ. of Tilburg, Tilburg, The Netherlands) using a PDP 11/45 computer.
* Late Nasal Mucosa Response = henceforth abbreviated as LNR,

VOLUME 49, OCTOBER, 1982

modifications; in 13 cases as an “isolated late
tesponse”’** only and in 39 cases as a “dual
response,”*** where first the immediate response} ap-
peared and then after a symptom-free period of 3-7
hours the late response occurred,

Control Tests with Coca’s Solution

The mean NPG values recorded after the Coca’s
Solution application did not differ significantly during
the whole test (50 hours). The changes varied within 1.3
cm H20.

Protection Test with DSCG
The NPG values recorded during the protection tests

with DSCGin individual patients are given in abbrevi-
ated form in Table ITI. By comparing the results given in
Table III with those in Table II, the following conclu-
sions could be drawn.
DSCG, when applied topically in a sufficient dose

before and after allergen challenge, was able to decrease
significantly or to prevent fully the developmentof the
“late nasal mucosa response” to allergen challengein all
patients studied.
The “late nasal mucosa response,” being a part of the

“dual response,” was decreased by DSCGtoa slightly
higher degree than the “isolated late nasal response.”
The “immediate nasal response,” recorded during the

“dual response,” was also decreased by DSCG signifi-
cantly.

Protection Test with BDA

The NPG values recorded during the protection tests
with BDA are presented in abbreviated form in Table
TV. By comparing the results shown in Table IV with
those presented in Table II the following conclusions
could be drawn,
BDA, when applied topically in a sufficient dose be-

fore and after allergen challenge, was able to decrease
the “isolated late nasal response”significantly.
The “late nasal mucosa response,” being a part of the

“dual response,” was decreased by BDA, however, to a
lesser degree than the “isolated late response.”
The “immediate nasal response,” being a part of the

“dual response,” was not decreased significantly by BDA
at all.
The NPG values recorded during all three experimen-

tal parts, with respect to the “Coca’s Solution NPG
values,” are summarized in Figure 1 for the “isolated
late nasal mucosa response”and in Figure 2 for the “dual
nasal mucosa response.”

Accompanying Findings
Tn all cases the positive nasal mucosa responses ofthe

immediate as well as of the late type were accompanied

“* Isolated Late Nasal Mucosa Response = henceforth abbreviated as ILNR.
“** Late Nasal Mucosa Response as a part of the dual response — henceforth
abbreviated as DLNR,
T Immediate Nasal Mucosa Response = henceforth abbreviated as INR.
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 Table Ill. Abbreviated Survey of the Mean Nasopharynx-nostril-pressure-gradient (NPG) Values in cm HO Recorded During the
Nasal Protection Tests with Disodium Cromoglycate (DSCG)in Individual Patients.

th 8h 9h 10h 24h
Time in hours after challenge

‘60! 3h 4h Sh 6h45

Time in minutes after challange.
16" 20" <30faAllergen

EFFECTS OF DSCG AND BDA ON LATE NASAL RESPONSE— PELIKAN

Coca
value

Patient

DNR

 Table ll. Abbreviated Survey of the Mean Nasopharynx-nostril-pressure-gradient (NPG) Values in cm H,O Recorded During the
Nasal Provocation Tests with Allergen in Individual Patients.
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tree pollen mixture. DSCG = Disodium

Dual nasa! mucosa response: (a) Immediate response:
Hypothesis No. 1 = all three curves (ALL, DSCG, BDA)

es calculated always from three values as recorded at 0, 5 and 10

jected for (p < 0.05), but not rejected for (p > 0.01).
Hypothesis No. 3 = the DSCG curve runs horizontally;

coincide; this hypothesis is rejected (p< 0.01). Hypothesis

this hypothesis is not rejected (p > 0,05),

No. 2= the ALL and BDAcurvescoincide; this hypoth-

ALL and BDA curves coincide; this hypothesis is re-

esis is not rejected (p > 0.05). Hypothesis No. 3 = the
all three curves (ALL, DSCG, BDA) coincide; this

HD = house dust; GP = grass pollen mixture, SP = spring pollen mixture; HF = hairs and feathers mixture; Mm

hypothesis is rejected (p < 0.01). Hypothesis No. 2 = the

dog hair; PF = pigeon feathers; WF = wheat flour; AF = Aspergillus fumigatus; TP
cromoglycate

DNR = Dual Nasal Mucosa Response; ILNR = Isolated Late Nasal Mucosa Response.

The Coca’s value as well as the DSCGvalues are the mean NPG valu
minutes after the Coca's Solution, respectively DSCG administration.

Isolated laie nasal mucosa response: Hypothesis No. 1

 
responses were observed in 54% ofthe isolatedlate nasal
tesponses and in 69% of the late responses being a part
of the dual response.

the same allergen were also found. Positive late skin
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Statistical Analysis
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hairs and feathers mixture; Mm = moulds mixture; dog
aspergillus fumigatus; TP = tree pollen mixture.

The Coga’s value is the mean NPG value, calculated alwa
of Coca's Solution.

Theresults of the intracutaneoustests are semmarized
in Table V. In 77% of the cases of immediate nasal

nasal mucosa responses, Duringthe protection tests with
BDA,nasal mucosalividity was observed in mostof the

late response. Duringthe protection tests with DSCG no
lividity of the nasal mucosa was observed in any of the

patients during the immediate response but not during
both modifications of the late response.

mucosa response positive immediate skin responses to

y8 from three values as recorded at 0, 5 and 10 minutes after the application

spring pollen mixture; HF

DNR = Dual Nasal Mucosa Response; ILNA = Isolated Late Nasal Mucosa Response.

HD = house dust; GP = grass pollen mixture; SP
= dog hair; PF = pigeon feathers; WF = wheatflour; AF

Lividity of the nasal mucosa was observed in most of
the patients during the immediate as well as during the

 
tion, hypersecretion, sneezing, itching). The courseof the
nasal complaints ran parallel to the course of the NPG
changes.

nounced during the late response. No difference in liv-
idity was found between both the modifications of the

by the appearance of acute nasal complaints (obstruc-

late nasal mucosa response; however, it was more pro-
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Table |V. Abbreviated Survey of the Mean Nasopharynx-nostril-pressure-gradient (NPG) Values in cm H,0 Recorded During the
Nasal Protection Tests with Beclomethasone Dipropionate (BDA)in Individual Patients.
 

Coca BDA Aller-
Patient Value gen 0! 10' «20 30! ase

DNA
1 28 27 HD 28 58 64 64 7.9
2 0.9 0.8 HD 44 3.9 5.8 7.4 9.0

2A 2.2 GP 1.9 6.5 7.6 9.3 9.1
3 23 20 GP 24 141 980 108 B82
4 26 26 HD 61 96 99 102 17.4
5 26 26 HD 84 103 10.6 17.8 20.
6 A5 4.4 GP 25.4 25.3 28.5 22.0 261
7 19 29 GP 64 83 88 72 33
8 1.2 1432. GP 5.9 44 5.0 5.5 7.0
9 31 27 GP 120 210 193 206 17.9
10 26 25 HD 46 139 14.9 14.5 7.0

22 24 GP 14.0 27.0 22.0 235 135
12 2.5 2.3 GP 60 91 8.6 89 8&7
13 3.8 3.7 GP 14.0 19:1 23.0 25.0 23:4
14 2% 24° SP 7.2 107 11.4 72 92
15 10 10 HD 094 182 19.0 287 103
16 12 9 HD 83 104) sein oe 28S
17 a9 OS GP 48 11.2 17.5 10.7 129

44 45 SP 62 59 14.6 11.1 115
16 1% ‘HE 72 191 120 126 §6

18 2.8 2a “OP 3.2 6.4 7.0 5.6 3.5
34 28 AF 8.7 22.8 22.5 19.2 242
16 16 Mm 26 116 11.1 102 94

19 a1 3.1 HD 215 25.9 25.9 25.9 22.4
20 2.2 22 HD 2.5 81 472.0 19.2 134
21 25 23 Mm 24 10.2 10.1 101 14-1
22 oo — GP ‘3470 Jeo Jos 105
23 2.2 2:2. <@P. 4.0 12.86 14.5 13.8 186
24 1.2 — HF 3.6 8.4 2.6 74 44
25 3.3 3.5 SP 6.9 161 17.7 124 124
26 27 25 HD 60 88 13.9 133 9.0

28 24 GP 07 430 42 98 11.0
27 2.7 2.4 HD Sy) 56.0) 74d: 30s eS
28 1.7 1.6 Mm 27 4.5 $.2 3.9 9.4
29 0.9. 0.7 Dog 3.2 59 7.5 6.4 46
30 33 33 HD 27.4 272 27.2 27.2 273
31 23 24 PF 28 85 7.7 167 13.8
32 2.1 2.3 SP 65 78 43:4 16.5 16.2
33 3.3 Bile WE 43 79 94 10:9 101

ILNR
2 0.8 0.8 PF os 1.0 0.7 0.8 14

12 fe. 2 Hm ay "4% Ae aa Bo
20 22 24 GP g2 90 26 28 3.0
21 24 25 GP 25 28 298 26 86
34 1,2 1.0 GP 1.2 26 14 1.4 1.2
35 35 30 GP 64 S39 S6 3.0. 43
36 2.0 2.6 HF 35 “AT on aT. By
37 43 44 HD 42 60 48 — “43
38 6a 55; Ee V7 Ar ne Aeo ee
39 2.4 1.9 TP 1.3 19 2.0 2.0 1.9
40 2.4 — GP 3.0 25 2.4 2.2 2.4
ai G50 GS. GE Als Jon: tts Sale ae
42 49 48 HD 51 48 656 61 6.1

Time in minutes after challenge Time in hours after challenge
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HD = house dust, GP = grass pollen mixture; SP = spring pollen mixture; HF = hairs and feathers mixture; Mm = moulds mixture; Dog
= dog hair, PF = pigeon feathers; WF = wheat flour; AF = Aspergillus fumigatus; TP = tree pollen mixture, BDA = Beclomethasone
dipropionate.

The Coca’s value as well as the BDA values are the mean NPG values calcualted always from three values as recorded at 0, 5 and 10
minutes afier the Coca’s Solution, respectively BDA administration.

DNA = Dual Nasal Mucosa Response; ILNR = Isolated Late Nasal Mucosa Response.

DSCG curve runs horizontally; this hypothesis is not
rejected (p > 0.05).

Late response: Hypothesis No. | = all three curves
(ALL, DSCG, BDA)coincide; this hypothesis is rejected
(p < 0.01). Hypothesis Na. 2= the ALL and BDAcurves

coincide; this hypothesis is not rejected (p > 0.05). Hy-

pothesis No, 3 = the DSCG curve runs horizontally; this
hypothesis is not rejected (p > 0.05).

Explanation of abbreviations: ALL = NPG values
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recorded during the provocation tests; DSCG = NPG
values recorded during the protection tests with DSCG;
BDA = NPGvalues recorded during the protection tests
with BDA.

Discussion

We have used nasal challenges for several years as a
standard part of the diagnostic procedure in allergic
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 2
° 30 45 6090 120

line in minutes ofter allergen challenge

 

WO 2405 6 8 1 12

o——e Allergen chollenge

*——* OSCG followed by ollergen challenge

#-------* BDA followed by allergen chollange

‘time in Hours ofter allergen challenge

Figure |. Groups I + [II (positive immediate and late responses), Provocation tests and protection tests with DSCG and BDA. The mean NPG
values recorded from all patients demonstrating “dual nasal mucosa response" (duc to Type I and the Type Lil hypersensitivity) during these tests,
with respect to the appropriate Coca’s Solution mean NPG values. DSCG = disodium cromoglycate; BDA = beclomethasone dipropionate

rhinitis patients for detection of immediate hypersensi-
tivity (TypeI allergic component),~*'*"*""They have
been used in two ways: as provocation tests with an
allergen and as protection tests using an anti-allergic
drug priorto the allergen challenge.*”""*"* Theprotective
effects of the drug refer to its ability to prevent or
decrease significantly the developmentofthe changes in
the nasal mucosa caused by the antigen-antibodyinter-
action with its subsequent steps. This interaction is rep-
resented and caused by the challenge ofa known allergen
under standard conditions.*-"'48
Wehavealso used nasal provocationtests for detection

of other types ofallergic reaction in the nose, the so-
called “non-immediate nasal mucosa responses.” One of
these is the “late nasal mucosa response.””** Although
the existence of this type of nasal mucosa response has
earlier been suggested by some investigators, ')'>'§”
there are not numerous papers describing this type ex-
tensively.'*!5"8
Some investigators””* observed that the immediate

asthmatic reaction (Type I hypersensitivity) as well as
the late asthmatic reaction (TypeIII hypersensitivity) to
allergen challenge were inhibited by pretreatment with
inhaled DSCG. They also found that inhaled BDA
prevented the late asthmatic reaction (Type III hyper-
sensitivity) to allergen challenge, in both its modifica-
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tions but did not decrease the immediate asthmatic re-
action. Similar conclusions comparing the effects of
DSCGandsystemiccorticosteroids (prednisolone) were
reported by Booij-Noord etal.*!
The results of our present study differ slightly from

the above mentioned observations in the bronchial tree.
Although DSCG decreased significantly the LNR, the
ILNRwasinhibited to a lesser degree than the DLNR.
BDA showed an adverse effect, by inhibiting the ILNR
to a higher degree than the DLNR.This observationis
compatible with the possibility that in some eases of the
“dual response”the immediate allergic reaction andits
parts may play a certain role (introductory role) in the
following late allergic reaction.
The subjective nasal complaints accompanying the

INR were increased by BDA, which correspondsto the
objective NPG changes recorded. The subjective nasal
complaints accompanying the LNR were decreased dur-
ing the DSCG as well as the BDA protectiontests to a
similar degree. With respect to the differences observed
between the subjective and objective parameters, it
would be concluded that the recording of the objective
parameters (NPG changes) provides more exact infor-
mation than only a single recording of the subjective
complaints score used in a number of the above-men-
tioned studies,“
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Figure 2, Groups O + IL (positive isvlated late responses), Provocation tests and protection tests with DSCG and BDA. The mean NPG values
recorded from ull patients demonstrating “isolated late nasal mucosa response” (due to Type Hl hypersensitivity) during these tests, with respect
lo the appropriate Coea’s Solution mean NPGvalues. DSCG = disodium cromoglycate; BDA = beclomethasone dipropionate.

Generally, in systemic late hypersensitivity (Type HL
allergy, Arthus reaction, immuno-complex state), circu-
lating antibodies of the IgG and IgM classes, being
presumed to play a major role, react with circulating
antigens in the blood streamor in the yascular wall and,
in this way, form immuno-complexes.” ~~ Immuno-com-
plexes then activate the complement cascade,” especially
C3a, C5a, C5b, C6, C7, with subsequent activation of
the blood clotting mechanism. liberation of kinin™ and
release of lysosomal enzymes, vascular permeability fac-
tors and other factors*’* from the polymorphonuclear
neutrophil leucocytes."and the release of vasoactive
amtines, lysosomal enzymes and other proteins from the
platelets." These factors as well as platelets and
neutrophils may then be involved directly or indirectly
in the ssue damage which is a complex of various
inflammatoryreactions typical ofthe Type LI hypersen-
sitivily : THEA

The changes in the concentration of the IgG and IgM
antibodies, changes of the above-mentivned chemical
mediators and of the complement system parts, which
occur in systemic type late hypersensitivity. have not yet
been sufficiently investigated in patients with the late
nasal mucosa response! and requires further study.
Onthe other hand, the possibihtyalso exists that IgE

 

antibodies maynoi onlyplay a role in immediate hyper-
sensitivity (Type I allergy) but also in late response which
may be triggered by late hypersensitivity (Type III al-
lergy).2°77947-38 Apart from this, the possibility can not
be excluded that antibodies of the IgG class which are
suspected to be responsible for the late hypersensitivity
could also be involved in the immediate hypersensitivity
(Type I allergy),S#825253841

The results of this study, demonstrating the positive
protective effects of both DSCG and BDA on the late
nasal mucosa responseto allergen challenge, could prob-
ably be best explained by the following hypothesis.

In the case oflate hypersensitivity, neutrophil leuco-
cytes may play a pivotal role. Neutrophils contain and
can release a numberof factors, such as kinin and kinin

system factors, lysosomal enzymes, vascular permea-
bility factors, complement activating factor generating
C5a and someother factors.**’The neutrophils could
probably also produce some of the mediatorslike those
released hy the mast cells (basophils) during immediate
hypersensitivity, e.g., SRS-A and neutrophilic ECF-
Ath?

The platelets contain and can also release a number of
factors, including vasoactive amines, lysosomal eazymes
and probably vascular permeability factors.?427-2945-98
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Table V. Survey of the Skin Responses (i.c. Tests) with Respect to the Different Types of Nasal Mucosa Response.

Skin responses(i.c. tests)

 
Immediate Late

Nasal mucosa response - —
skin + skin + skin — skin + skin —

IR - IR + IR + LR + LR +

Qual (= immediate + late response) N = = 30 9 27 12
39

Isolated late N = 13 & = = 7 6
N total = 52 30 (77%) 9 (23%) 34 (65%) 18 (35%)
 

IR = Immediate nasal mucosa response; LA = late nasal mucosa response.

The lysosomal enzymes are involved in the further
stages of the immuno-complex-mediated tissue
injury.”’*8**" The platelets as well as the neutrophils, in
addition to their ability to release several factors, are also
directly involved in the immuno-complex-mediated tis-
sue injury’and the neutrophils by their influx
into the site of the immuno-complexes and platelets by
their interaction with damaged epithelium and adher-
ence to immuno-complexes. The neutrophils are acti-
vated by immuno-complexes through the complement
system. 7427.28
The activation and aggregation ofplatelets is stimu-

lated by a variety of factors,* among others by PAF’s
(platelet-activating factors) generated and/or released
directly from the activated mast cells and baso-
phils??5™374545 by the decreasing of exogenous
cAMP and/orthe increasing ofcCGMP* with subsequent
decreasing of intracellular cAMP in the platelets, and
probably also by other pathways. The PAF’s could be
generated and/or released, besides from activated mast
cells and basophils, also from othercells, e.g., polymor-
phonuclear leucocytes***° or monocytes."
The neutrophils could be activated not only by im-

mune-complexes”’*but also by complement parts,”’ by
neutrophil chemotactic factor generated by mast cells
and basophils, by prostaglandins (PGE, enhances,
while PGFay inhibits the neutrophil chemotaxis)and
by increasing cGMPand decreasing cAMP. The neutro-
phils could probably also be directly activated by anti-
gen. Zweiman et al"’ found a significant increase of
neutrophil chemotactic activity in the serum, after bron-
chial challenge with allergen, in patients with a bron-
chus-obstructive response.

According to some suggestions, the IgE, basophils and
mast cells might also play an important role in late
hypersensitivity. Human IgE may play a role in trigger-
ing off increased vascular permeability and in the dep-
osition of immuno-complexes.*”"""" Basophils and mast
cells with membrane-bound IgE can generate and/or

release a soluble PAP?™'*5* and also a factor che-
motactic for neutrophils.”
Another possible role of mast cells and basophils in

the late hypersensitivity, especially in that being a part
of the dual response, could be related to some authors’

suggestions of the biphasic degranulation of mast cells
and basophils.“*“*“* The biphasic response ofairways to
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inhaled antigen may be comparable to the biphasic
cutaneous response to the IgE-dependentactivation of
mast cells.“* This could be the process by which mast
cells’ mediators might provoke a biphasic inflammatory
response.”
The protective effects of DSCG on the immediate as

well as the late nasal mucosa response to allergen chal-
lenge could be explained by the ability of DSCG to
prevent degranulation of mast cells and basophils with
subsequent release of the mediators. '*'9°?005"4%

However, the protective effects of DSCG on the
DLNRwere more pronounced than on the ILNR. These
differences could probably depend on the participation
ofvarious ofthe above mentioned basic mechanisms and
the role of the mastcells and basophils in the develop-
meant ofboth these modifications of the INR.
The different ways in which these mechanismspartic-

ipate could then probably result in the two different
modifications of the late nasal mucosa response.

In the case of the DLNR the mast cells and/or baso-
phils could be involved as the y predominant mechanism.
However, these could be in different ways—either di-
rectly, with respect to the suspected biphasic degranula-
tion,****** or indirectly, with respect to the generating of
PAF,to the triggering off of increased vascular perme-
ability or to the generating of the factor chemotactic for
neutrophils*“°*"°__while the other mechanismsplay
a less important role. Therefore, DSCG protecting the
mast cells and basophils demonstrated good protective
effects on this kind oflate nasal response,

In the case of the ILNR, probably the other mecha-
nisms (activation of neutrophils,” activation of com-
plement,”’ activation of platelet by PAF from sources
different from mast cells and basophils,“decreasing
of exogeneous cAMPand/orincreasing of cGMP,”etc)
play a predominant role, while the mast cells and/or
basophils are involved to a lesser degree. Therefore,
DSCG,protecting mainly the mast cells and basophils
but not influencing distinctly the other mechanisms,
demonstrated significant protective effects on the ILNR
butto a lesser degree than on the DLNR. However, there
is some evidence that DSCGcouldblockthe neutrophils’
chemotactic activity in the serum,increased after allergen

inhalationin patients with positive bronchial responses.*’
Thecorticosteroids, including BDA,increase and po-

tentiate the action of cAMP, decrease and inhibit the
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THE EFFECTS OF DISODIUM CROMOGLYCATE
(DSCG) AND BECLOMETHASONE DIPROPIONATE

(BDA) ON THE DELAYED NASAL MUCOSA
RESPONSE TO ALLERGEN CHALLENGE

Z. PELIKAN, M.D., F.A.C.A.

The protective effects ofdisodium cromoglycate (DSCG) and beclomethasone
dipropionate (BDA) on the “delayed nasal response"to allergen challenge (DNR)
were investigated in 37 patients with allergic rhinitis. These thirty-seven patients,
from a group of268, developed 43 “delayed nasal responses” (DNR}, 16 cases of
“isolated delayed responses” (IDNR) and 27 cases of“dual delayed responses”
(DDNR), where the delayed response (DLDNR) was preceded by an immediate
response (INR). BDA demonstrated significant protective effects on the DNR in
bothits modifications; however, to a higher degree in the case ofthe IDNR.
DSCGsignificantly decreased only the INR, being a part ofthe DDNR, while in
the case ofthe DNR in both its modifications, DSCG was completely ineffective, It
is suggested that BDA should be the drug offirst choice in allergic rhinitis patients
demonstrating the DNR. When immediaie responses to the same or other
allergens are also present, DSCG should be added at the beginning ofthe
treatmentfor a temporaryperiod ofa few months.

Introduction

ALLERGIC RHINITISclassically has been attributed
to immediate hypersensitivity (Type I allergy), Recently
some investigators have observed other types of nasal
reactions — different from the immediate response —
the so-called “non-immediate responses.”'*? such as
the “late nasal mucosa response” and the “delayed nasal
mucosa response.” Theclinical features have been de-
scribed in detail in our previous papers.*?
Other investigators have found evidence for possible

involvement of delayed hypersensitivity (Type IV al-
lergy) in patients with allergic rhinitis. They have drawn
their conclusions from immunologicaltests in vitro"
or from allergy skin tests.4*°'""3 Clinical experience in

Doctor Z. Pelikan is Director of the Department of Allergology and Im-
munology, Institute of Medical Sciences “De Klokkenherg,” Breda, The Neth-
erlands.
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addition to immunologicaltests indicates that delayed
hypersensitivity in the “delayed nasal response” to al-
lergen challenge cannot be excluded. In fact, the “de-
layed nasal mucosa response” may be responsible for
many of the nasal symptomsof someallergic rhinitis
patients, and may be the reason why the usual treat-
mentfails, This type of response is often overlooked in
practice.

This study is a continuation of our previous studies
dealing with the effects of disodium cromoglycate
(DSCG)and beclomethasone dipropionate (BDA) on
the immediate and late nasal mucosa responses.*:!4-!¢
‘The purposeofthis study was to investigate the presence
ofprotective effects ofDSCG and BDA onthe “delayed
nasal response”to allergen challenge, to compare them
and to determine their therapeutic possibilities. Thus
we hoped to define the indications of both’ these drugs
for the treatmentofallergic rhinitis where the “delayed
nasal response” is present. In addition, using both the
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drugs with their known pharmacological qualities and
effects, we hopedto further clarify the pathophysiolog-
ical mechanism of the “delayed nasal mucosa re-
sponse.”

Materials and Methods

Allergens.* The dialyzed and lyophilyzed water ex-
tracts were diluted in Coca’s Solution (dry weight of
allergen in mg per ml of Coca’s Solution) and were
used in the following concentrations.
For nasal challenges. (a) House dust — 5 mg/ml. (b)

Hairs and feather mixture,** dog danders, cat danders:
each 2.5 mg/ml, (c) Moulds mixture,*** Aspergillus
fumigatus: each 2.0 mg/ml. (d) Grass pollen mixiure,t
spring pollen mixture.t weed pollen mixture:++ each
10,000 Noon Units (NU)/mL.&

Forintracutaneoustests. Allergens identical to those
used for the nasal challenges, except that they were
diluted in a 1:10 ratio.

Evaluation of the skin tests. The skin response was
evaluated at 20 minutes, cight, 24, 36, 48 and 72 hours
after intracutaneous injection of0.05 ml of an allergen.
If necessary, the skin response was evaluated at 24 hour
intervals until the reaction totally disappeared.
The skin response was interpreted as follows. Imme-

diate skin response was a positive reaction within 20
minutes and delayed skin response was a positive re-
action of more than 24 hours after the test (usually
between 36 and 72 hours).
The evaluation parameters are presented in the leg-

ends of Table I.
Drugs, (a) Disodium cromoglycate (DSCG)* in pow-

der form placed in gelatine capsules were applied topi-
cally to the nasal mucosa by meansofa special nasal
applicatoras follows: One capsule, containing 10 mg of
DSCG powder, wasplaced into the applicator and then
perforated and blown into the nose by an air-flow.
A single dose consisted of one capsule, the contents
of which (10 mg DSCG) were divided equally into
both nostrils. (b) Beclomethasone dipropionate aerosol
(BDA)** was administered topically to the nasal mu-

* All allergen extracts were prepared by Pharmacy“Diephuis,” Groningen, The
Netherlands.
“*Cat, dog, cattle, goat, hog, horse, rabbit, rai, mouse, hamsier, guinea pig,
canary, goose, duck, turkey, hen, pigeon, parrot, in equal proportions by weight,
*** Cladosporium cladosporiodes-clatum-herbarum, Penicillium brevi-com-
pact fj Aspergillus i ti-
ger-fumigatus, Mucorspi di emosus, Pullularia pulluk Botry-
Tis cinerea, Merculius domesticus, Epicoccum purpurascens, Allernaristenuis,
Stemphylium botryosum, Rhizopusnigricans, Fusarium culmorum and Tri-
choderma viride, in cqual proportions by weight.
7 Dry weight percentage: Secale cereale 15%, Dactylis glomerata 15%, Lolium
perenne 10%, Anthoxanthum odoratum 10%, Agrostis alba 10%, Holcus
lanatus 10%, Phieuns 10%, Cy ii 5%, Al
Dratensis 15%.
+ Dry weight percentage: Corylus avellang 20%, Alnus species 30%,Salis species
20%, Betula species 20%, Myrica species 10%.
+f Dry weight percentage: Arternisia vulgaris 33%, Rumex acetosa 33%, Plan-
tago lanceolata 33%.
stNose Unit (NU) = 0.001 mg of dry pollen (powder) = 0,9 PNU = [.3

* Henceforth abbreviated as DSCG.
** Henceforth abbreviated as BDA,
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cosa by means ofa special nasal adaptor. Two puffs
were always given in each nostril. (One puff = 50 pg:
one dose = two puffs in each nostril = 2 x 2 puffs = 4
x 50 wg = 200 pg). A single dose always consisted of
four puffs.

Apparatus and Equipment. This consisted of a one-
channel recorder, an electrical differential transducer,
a water manometer, a small rubber balloon of 5 mm
diameter, and 25 mmlength and a polyethylene tubes
connecting system.

Principle of the Method. The nasal mucosa of the
patient with allergic rhinitis, when challenged topically
by an allergen to which he is sensitive, reacts with
swelling, hypersecretion, sneezing and itching. This in-
terferes with the passageofair through the nose, result-
ing in a pressure differences between the nasopharyn-
geal cavity and the outside air while the air-flow is
constant. These pressure differences, the so-called NPG
(nasopharynx-nostril-pressure gradients), expressed in
cm H,0, were recorded and considered as a parameter
for the assessment of the nasal mucosa reactivity. The
mean values of the NPG were calculated during regular
breathing over 90 to 120 seconds. This “balloon tech-
nique,” being a combination of rhinomamomietry an-
terior and posterior, has been described in detail in our
previous papers.27'*-7!

Patients. Of the 268 allergic rhinitis patients, exam-
ined by a routine diagnostic procedure including short
term nasal challenges, 39 complained of acute nasal
symptoms within 26-50 hours after allergen challenge.
These nasal symptoms were then confirmed by long
term nasal provocation tests in 37 of the patients and
interpreted as a “delayed nasal response” to allergen
challenge. These 37 patients were selected for the pres-
ent study. They all gave a history of (1) nasal com-
plaints, (2) a positive history of one or moreallergens,
(3) positive immediate skin responses to one or more
“inhalant” allergens and (4) a delayed nasal response to
one or more allergens.
These patients were investigated during a symptom-

free period, None had used DSCG,corticosteroids or
had received immunotherapyin the past. No antihis-
taminics or topical decongestants were prescribed dur-
ing the three day interval prior to the study. Theclinical
characteristics of the patients studied are presented in
Table I.

Procedure. In each ofthe patients, three experimental
procedures (a provocation test, protection test with
DSCGandprotection test with BDA) and one control
test with Coca’s Solution were performed. There was
an interval ofthree to five days between the procedures.

Provacation Test with Allergen

The “initial test” (base line). The NPG values, the so-
called “initial values,” were recorded at 0.5 and 10
minutes.
The “Coca’s Solution Test.” The NPG values, the so-

called “Coca’s Solution values,” were recorded at 0.5
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Skin tests (i.c.}—immediate response
Nasal complaints Allergen | iR Lividity of Blood eosin- Allergens otewere

Patient nasal mu- —aphilic cells Comple-Obstruc- eee: Sneezing COSA per mm3 Basic mentary sponse observed

Nh HD HF GP SP l4IV O+IV
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7 +++ +++ +++ +++ 781 +. Se ARB = ++ FP GP
B ++ ++ - ++ $83 ++ sha) EE er hte WP? WE.
9 +++ +++ +++ +++ 737 Pete, hae te aE Di SP

10 +44 +++ +++ + 682 + = eres +Mm HD
11 +++ He +++ - 682 + + tb tt ++D GP
12 ttt = = + 495 ++ + a +Mm HD
13 + + + + 363 +z ee ek +1. GP
14 + + + + 1540 +b tte t+ + ++C GP
15 ++ ++ ++ = 297 + oa =e as —Mm GP
16 - + + - 649 ++ ++ ++ + +FP GP
W ++ ++ ++ +++ 671 aaiy cate =f: ++C Cc
18 + ++ + = 495 ttt tt ttt Ft c
19 ++ + + + 1485 te SEE cet +Mm Mm
20 +++ +4++ + + 1155 + = sae a t+ AF AF
21 +++ +++ +++ + 1144 + = seh Sr +Mm HD
22 ++ ++ ++ +++ 1100 siden (SEE hn + PF GP
23 ++ ++ ++ - 616 a te ae ++C HD, GP
24 +++ +++ +++ ++ 308 + = a +WP HD GP, SP
25 4 + + +++ 1462 + + = + HD HF
26 oe + - 4+ 715 + + == —Mm GP Mm
27 +++ +++ +++ - 440 = = = — WP GP
28 + a + + 451 + = +Mm GP
29 +++ +++ +++ - 1958 i = ss — WP GP
30 +++ ++ + - 440 ++ + + = -D HD, SP
31 +++ +++ +++ +++ 36a ++ + oe +C HD
32 +++ +++ +++ +++ 341 = - - - -D HD
33 +++ 44+ +44 +++ 275 + + Son haa ++ HeF HF
4 + = + - 776 ++ - + + +FP GP
35 ++ ++ = + 682 oe oh RE See +D D
36 ca - - +++ 264 ae, eet = ++D HF
37 +++ +++ + +++ 550 + - -= — —Mm Mm
 

Legends: HD = house dust; HF = hairs and feathers mixture; GP = grass pollen mixture; SP = spring pollen mixture; C = cat danders; D =
dog danders; PF = pigeon feathers; HeF = hen feathers; TP = tree polien mixture; WP = weed pollen mixture; FP = flower pollen mixture;
Mm = moulds mixture; AF = Aspergillus fumigatus.
Nasal mucosa responses: O = immediate response negative: | = immediate respanse positive; IV = delayed response positive.
The evaluation of the intracutaneoustests:

~= nonnal skin appearance
+= wheal not greater than original injected papule.
-++= wheal increase up to 7.5 mm in diameter.
+= wheal increase up to 10.0 mm in diamater.
++= wheal increase up to 12.5 mm in diameter.

++-+= whealincrease up to 15.0 mm in diameter.
+++= wheal increase greater than 15 mm, with surrounding erythema and sometimes with "pseudopocia”.

and 10 minutes after a three minute application of
Coca’s Solution to the nasal mucosa under the medial
turbinate of the non-intubated nasal cavity. This was
done by meansof a saturated wad of cotton wool on a
nasal probe. If no changesofthe mean “Coca’s Solution
NPG”value with respect to the “initial” NPG values
occurred, the test was continued,

The allergen challenge. The nasal mucosa was chal-
lenged by the allergen for three minutes in the same
way and on the samesite as by the Coca’s Solution.
The NPG values were recorded at 0, 5, 10, 20, 30, 45
and 60 minutes, and then every hour up to the 11th
hour; after this every second hour during the 24th-36th
and 47-S6th hourintervals.
The provocation tests (nasal mucosa response) were
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considered to be positive when the NPG values after
allergen challenge increased by at least 2.0 cmH20 with
respect to the “initial” and ‘Coca’s Solution” values.
(The value of 2SD is 1.6 emH:0 forthis technique).

Protection Test with Disodium Cromoglycate (DSCG)

Protection Test with Beclomethasone Diprepionate
(BDA)

Both these test were performed in the same manner
and according to the same schedule. The patients were
pretreated with the appropriate drug in a daily dose of
4 x 1, during a four day interval, starting two days
before allergen challenge, and continuing through the
“challenge day” up to two days after the “challenge
day.” The drug was always administered at 7a.m.,

13
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drugs with their known pharmacological qualities and
effects, we hoped tofurther clarify the pathophysiolag-
ical mechanism of the “delayed nasal mucosa re-
sponse.”

Materials and Methods

Allergens.* The dialyzed and lyophilyzed water ex-
tracts were diluted in Coca’s Solution (dry weight of
allergen in mg per ml of Coca’s Solution) and were
used in the following concentrations.
For nasalchallenges. (a) House dust — 5 mg/ml, (b)

Hairs and feather mixture,*™ dog danders, cat danders:
each 2.5 mg/ml. (c) Moulds mixture,*** Aspergillus
fumigatus: cach 2.0 mg/ml. (d) Grass pollen mixture.+
spring pollen mixture,t weed pollen mixture:}+ each
10,000 Noon Units (NU)/mL.@
For intracutaneoustests. Allergens identical to those

used for the nasal challenges, except that they were
diluted in a 1:10 ratio.

Evatuation of the skin tesis. The skin response was
evaluated at 20 minutes, eight, 24, 36, 48 and 72 hours
after intracutaneousinjection of0.05 ml ofan allergen.
If necessary, the skin response was evaluated at 24 hour
intervals until the reaction totally disappeared.
The skin response was interpreted as follows. Imme-

diate skin response was a positive reaction within 20
minutes and delayed skin response was a positive re-
action of more than 24 hours after the test (usually
between 36 and 72 hours).
The evaluation parameters are presented in the leg-

ends of Table I.
Drugs, (a) Disodium cromoglycate {DSCG)* in pow-

der form placed in gelatine capsules were applied topi-
cally to the nasal mucosa by meansof a special nasal
applicatoras follows: One capsule, containing 10 mg of
DSCG powder, wasplaced into the applicator and then
perforated and blown into the nose by an air-flow.
A single dose consisted of one capsule, the contents
of which (10 mg DSCG) were divided equally into
both nostrils. (b) Beclomethasone dipropionate aerosol
(BDA)** was administered topically to the nasal mu-

* Allallergen extracts were prepared by Pharmacy “Diephuis,” Groningen, The
Netherlands.
"*Cat, dog, cattle, goat, hog, horse, rabbit, rat, mouse, hamster, guinea pig,
canary, goose, duck, turkey, hen, pigeon, parrot, in equal proportions by weight
*** Cladosporium cladospofiodes-elatum-herharum, Penicillium brevi-com-
pactum- freq Aspergillus icolor-ni-
ger: Mucorspi muced Pullularia pullulans, Botry-
ris cinerea, Merculius domesticus, Epicoceum purpurascens, Alternaris tenuis,
Stemphylium botryosum, Rhizopus nigricans, Fusarium culmorum and Tri-
choderma viride, in equal proportions by weight,
t Dry weight percentage: Secale cercale 15%, Dactylis glomerata 15%, Lolium
perenne 10%, Anthoxanthum odoratum 10%, Agrostis alba 10%, Holcus
lanatus 10%, Phieum pratense 10%, Cynosurus cristatus 5%, Alopecurus
pratensis 15%.
$ Dry weight percentage: Corylusavellana 20%, Alnusspecies 30%,Salis species
20%, Betula species 20%, Myrtica specics 10%.
tf Dry weight percentage; Artemisia vulgaris 33%, Rumex acctosa 33%, Plan-
tagolanceolata 33%.
Neon Unit (NU) = 0,001 mg of dry pollen (powder) = 0,5 PNU = 1.3

* Henceforth abbreviated as DSCG,
** Henceforth abbreviated as BDA,
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cosa by means ofa special nasal adaptor. Two puffs
were always given in each nostril. (One puff = 50 yg;
one dose = two puffs in each nostril = 2 X 2 puffs = 4
x 50 ug = 200 ng). A single dose always consisted of
four puffs.
Apparatus and Equipment. This consisted of a one-

channel recorder, an clectrical differential transducer,
a water manometer. a small rubber balloon of S mm
diameter, and 25 mm length and a polyethylene tubes
connecting system.

Principle of the Method. The nasal mucosa of the
patient with allergic rhinitis, when challenged topically
by an allergen to which he is sensitive, reacts with
swelling, hypersecretion, sneezing and itching. This in-
terferes with the passageofair through the nose, result-
ing in 2 pressure differences between the nasopharyn-
geal cavity and the outside air while the air-flow is
constant. These pressure differences, the so-called NPG
(nasopharynx-nostril-pressure gradients), expressed in
cm H:Q, were recorded and considered as a parameter
for the assessment of the nasal mucosa reactivity. The
mean values ofthe NPG were calculated during regular
breathing over 90 to 120 seconds. This “balloon tech-
nique,” being a combination of rhinamamometry an-
terior and posterior, has been describedin detail in our
previous papers.2*!*-7"

Paitenis, Of the 268 allergic rhinitis patients, exam-
ined bya routine diagnostic procedure including short
term nasal challenges, 39 complained of acute nasal
symptomswithin 26-50 hours after allergen challenge.
These nasal symptoms were then confirmed by long
term nasal provocation tests in 37 of the patients and
interpreted as a “delayed nasal response” to allergen
challenge. These 37 patients were selected for the pres-
ent study. They all gave a history of (1) nasal com-
plaints, (2) a positive history of one or more allergens,
(3) positive immediate skin responses to one or more
“inhalant”allergens and (4) a delayed nasal response to
one or more allergens.

These patients were investigated during a symptom-
free period. None had used DSCG,corticosteroids or
had received immunotherapy in the past. No antihis-
taminics or topical decongestants were prescribed dur-
ing the three dayinterval prior to the study. Theclinical
characteristics of the patients studied are presented in
Table I.

Procedure. In each ofthe patients, three experimental
procedures (a provocation test, protection test with
DSCG and protection test with BDA) and one control
test with Coca’'s Solution were performed. There was
an interval ofthree to five days between the procedures.

Provocation Test with Allergen
The “initial test” (base line). The NPG values, the so-

called “initial values,” were recorded at 0.5 and 10
minutes.

The “Coca’s Solution Test.” The NPG values, the so-
called “Coca’s Solution values,” were recorded at 0,5
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Table |. Clinical C of the Pati { i dd. 

Skin tests(i.c.}—immediate response
Nasal complaints . 2 Allergen investigated

ea ae ee compe. Mile erasa
ee facia Sneezing cosa per mm3 Bane mentary Spones Obras

AA Ree HD HF GP SP 14+IV O+lV
1 + + + = 451 + + ++ + +0 @pP
2 +++ +++ t+ - 440 + + re heen +¢C HD
3 ++ ++ 4+ - 551 HR pe ++Mm GP
4 - - +++ = 649 ++ — +++ ++ ++ TP SP
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25 a + + +++ 1462 + + ae +C HD HF
26 am + = ++ 715 + + ei —-Mm GP Mm
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31 +++ +++ +++ +++ 363 ++ + oe iste +C HD
32 +++ +++ +++ +++ 341 = oe ee -D HD
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Legends: HD = house dust; HF = hairs and feathers mixture; GP = grass pollen mixture; SP = spring pollen mixture; C = cat danders; D =
dog dangers; PF = pigeon feathers; HeF = hen feathers; TP = tree pollen mixture; WP = weed pollen mixture; FP = flower pollen mixture;
Mm = moulds mixture; AF = Aspergillus fumigatus.
Nasal mucosa responses: O = immediate response negative; | = immediate response positive; |V = delayed responsepositive.
The evaluation of the intracutaneoustests:

== normal skin appearance
+= wheal not greater than original injected papule.
-++= wheal increase up to 7.5 mm in diameter.
+= wheal increase up to 10.0 mm in diameter.
++= wheal increase up to 12.5 mm in diameter,

+-+t= wheal increase up to 15.0 mm in diameter.
+4++= wheal increase greater than 15 mm, with surrounding erythema and sometimes with “pseudapodia”.

and 10 minutes after a three minute application of
Coca’s Solution to the nasal mucosa under the medial
turbinate of the non-intubated nasal cavity. This was
done by meansofa saturated wad of cotton wool on a
nasal probe.Ifno changes ofthe mean “Coca’s Solution
NPG” value with respect to the “initial” NPG values
occurred, the test was continued.
The allergen challenge. The nasal mucosa was chal-

lenged by the allergen for three minutes in the same
way and on the samesite as by the Coca’s Solution.
The NPG values were recorded at 0, 5, 10, 20, 30, 45
and 60 minutes, and then every hour up to the 11th
hour; after this every second hour during the 24th—36th
and 47—Sé6th hour intervals.
The provocation tests (nasal mucosa response) were
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considered to be positive when the NPG values after
allergen challenge increased byat least 2.0 cmH2O with
respect to the “initial” and ‘Coca’s Solution” values.
(The value of 2SD is 1.6 emH,0 for this technique).

Protection Test with Disodium Cromoglycate (DSCG)

Protection Test with Beclomethasone Dipropionate
(BDA)

Both these test were performed in the same manner
and according to the same schedule. The patients were
pretreated with the appropriate drug in a daily dose of
4 x 1, during a four day interval, starting two days
before allergen challenge, and continuing through the
“challenge day” up to two days after the “challenge
day.” The drug was always administered at 7a.m.,
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12a.m., 6p.m. and 11p.m. On the “challenge day” an
extra drug dose was administered after the “Coca’s
Solution™ values and 10 minutes prior to the allergen
challenge.
The schedule of the protection tests was similar to

that of the provocation tests, the only exception being
the administration of the drugs. The protection tests
were performed as “single-blind” with respect to the
patient.
The protective effects of the drug were considered to

be significant when the NPG values recorded after the
pretreated allergen challenge decreased by at least 50%
with respect to the NPG values recorded after the non-
pretreated allergen challenge.

Control Test with Coca's Solution

After recording ofthe “initial values,” Coca’s Solu-
tion was applied for three minutes to the nasal mucosa
in the same way as described above and the NPG values
were recorded up to 56 hours.

Statistical Analysts*

The results were analyzed andstatistically evaluated
by means of polynomials which were fitted, and the
hypotheses were tested by Potthoff and Roy’s general-
ized multivariate analysis of variance model (general-
ized Manova Model)” presented by Timm.”?

Results

Provocation Tests

The 37 patients developeda total of 43 nasal mucosa
responses within 26-52 hours after allergen challenge.
This response began within 24-30 hours, reached its
maximumwithin 30-40 hours and disappeared in most
cases within 56 hoursafter allergen challenge. This type
was considered to be the “delayed nasal mucosa re-
sponse” to allergen challenge.
Two modifications of the “delayed mucosa re-

sponse”™* were observed, In 16 patients there was as an
“isolated delayed response”** only, In 27 patients a
“dual delayed response”*** occurred in which there
was first an immediate response+ and then, after a
symptom-free interval of more than 24 hours, the de-
layed response}t appeared.
A review of the NPG values recorded during the

nasal provocationtests in individual cases is presented
in abbreviated form in Table II.

Control Test with Coca's Solution

The NPG values recorded after Coca’s Solution ap-
plication did not differ among them significantly during

* The calculations were performed by Drs. M.P.P. Berger (Dept. Psychology,
University of Tilburg, Tilburg, the Netherlands), using PDP 11/45 computer,
* Delayed Nasal Mucosa Response = henceforth abbreviated as DNR,
** Isolated Delayed Nasal Mucosa Response = henceforth abbreviated as
IDNR.
*** Dual Delayed Nasa) Mucosa Response = henceforth abbreviated as DDNR.
f Immediate Nasal Mucosa Respone = henceforth abbreviated as INR.
T¥ Delayed Nasal Mucosa Response being 2 part of the dual response =
henceforth abbreviated as DLDNR.

the whole 56 hour period; the changes varied within
1.2em H20.

Protection Test with BDA

The NPG values recorded during the protectiontests
with BDA are given in abbreviated form in Table IV,
Comparing the results presented in Table IV with those
in Table II, the following conclusions could be drawn.
BDA, when applied topically in a sufficient dose

before and after allergen challenge, significantly de-
creased the “delayed nasal response” to allergen chal-
lenge in both its modifications. However, the “isolated
delayed response” was decreased by BDA to a higher
degree than the “delayed nasal response,” being a part
of the “dual delayed response.”
The “immediate response” being a part of the “dual

delayed response” was not decreased significantly by
BDA.
Protection Tests with DSCG

The NPG values recorded during the protectiontests
with DSCG in individual cases are shown in abbrevi-
ated form in Table III]. Comparing the results given in
Table III with those in Table II, the following can be
concluded.
DSCG when applied topically in a sufficient dose

before and after allergen challenge was not able to
prevent or significantly decrease the development of
ihe “delayed nasal response” to allergen challenge in
anyof the patients studied.
The “delayed nasa] response” being a part of the

“dual delayed response” was decreased to a very slight
degree. This, however, was notsignificant. In the case
of the “isolated delayed response” DSCG was com-
pletely ineffective. The “immediate nasal response”
recorded during the “dual delayed response” was de-
creased significantly by DSCG.
The NPG values recorded during all three tests. with

respect to the “Coca’s Solution” NPG values in the case
of the IDNR are summarized in Figure | and those in
the case of the DDNRin Figure 2.

Statistical Analysis

A, Isolated delayed nasal response
Hypothesis Number 1: All three curves (ALL, DSCG,

BDA)coincide. This hypothesis is rejected (p < 0.01).
Hypothesis Number 2; the ALL and DSCG curves
coincide. This hypothesis is not rejected (p = 0.40).
Hypothesis Number 3: the BDA curve runs horizon-
tally. This hypothesis is not rejected (p > 0.05).

B. Dual delayed nasal response

(a) Immediate response. Hypothesis Number 1: all
three curves (ALL, DSCG, BDA)coincide. This hy-
pothesis is rejected (p < 0.05). Hypothesis Number2:
the ALLand BDA curves coincide. This hypothesis is
not rejected (p > 0.05). Hypothesis Number 3: the
DSCG curve runs horizontally. This hypothesis is not
rejected (p > 0.05),

(continued on page 118)
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(b) Delayed response: Hypothesis Number1: all three
curves (ALL, DSCG, BDA) coincide. This hypothesis
is rejected (p < 0.01). Hypothesis Number 2: the BDA
and DSCG curvescoincide. This hypothesis is rejected
(0.05 > p > 0.01). Hypothesis Number 3: the ALL and
DSCGcurves coincide. This hypothesis is rejected (p<
0.05).

{Explanation of abbreviations: ALL = NPG values
recorded during the provocation tests; DSCG = NPG
values recorded during the protection tests with DSCG;
BDA = NPGvalues recorded during the protection test
with BDA,]

Accompanying Findings

All patients with a positive immediate as well as
delayed nasal response had accompanying acute nasal
complaints. The immediate nasal response was associ-
ated with obstruction, hypersecretion, sneezing and
itching, while during the delayed nasal response only
distinct obstruction was noted.

Mild lividity of the nasal mucosa occurred during
the cases of immediate response. In all cases of the
“delayed response” pronouncedlividity of the nasal
mucosa was accompanied by distinct induration of the
nasal mucosa, by a decrease in the nasal secretions and
in most cases by small multiple mucosal hemorrhages
localized on the, septum nasi and all three turbinates.
These changes were significantly less pronounced dur-
ing the protection tests with BDA, while DSCG did not
influence them atall.
The serum concentration of the total IgE antibodies

(PRIST) was clevated only in two patients with the
DDNR(numbers seven and 18).
The serum concentration ofthe specific IgE antibod-

ies (RAST) to the sameallergen as used for the challenge
was elevated in five patients (numbers three, nine, 15,
18, 23), all of whom developed only the DDNR.
The concentration of antibodies of other classes in

the patient’s serum were determined by double radial
immuno-diffusion (Mancini technique). IgG antibodies
were elevated in two cases of DDNR and in one case
of IDNR. The IgA antibodies were elevated in four
cases of DDNRandin five cases of IDNR. The IgM
antibodies were elevated in three cases of DDNR and
in three cases of IDNR,

Fourteen of the 27 cases of DDNR and 13 of the 16
cases.of IDNR wereassociated with a slight peripheral
leucotytosis and lymphocytosis during a period of 24-
48 hours after challenge. Slight leucocytosis and lym-
phocytosis in the peripheral blood were also found
during the protection tests with DSCG,but not during
the protection tests with BDA.
The nasal secretions during 21 cases of INR were

characterized by an elevated count of eosinophils and
mast cells, which both disappeared within the following
two to four hours. A similar picture was found during
INR pretreated by BDA.A clearly decreased count of
eosinophils and mast cells was observed during INR
pretreated by DSCG. During 19 cases of DLDNR and
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Table V, Survey of the Skin Responses (i,c. Tests) with Respect
to the Different Types of Nasal Mucosa Aecpenaen.
 

Skin response
inNasal mucosa response immediate delayed

Dual Seay {immediate + 22 {= 81%) 16 (= 59%)
delayed) n = 27

Isolated delayed n = 16 2 (= 12%) 10 (= 63%)
Totaln = 43 26 Ee 60%
 

14 cases of IDNR, an elevated count of lymphocytes
and neutrophils and sometimes of plasma cells and
macrophages were found in the nasal secretions, while
the eosinophils and mastcells disappeared completely.
A similar picture was found after pretreatment with
DSCG, After BDA pretreatment the number of lym-
phocytes and neutrophils definitely decreased.

Results of the intracutaneous tests are presented in
Table V. Positive immediate skin responses were found
in 81% of the INR to the sameallergen. The 63% of
IDNR and 59% of DLDNR being a part of the DDNR,
were also accompanied by “delayed skin responses” to
the sameallergens.

Discussion

As already mentioned, in the classical conception,
immediate hypersensitivity (Type I allergy) has been
presumed to be the only mechanism causing the allergic
rhinitis symptoms. Recently some investigators have
suggested the possible involvement of other types of
hypersensitivity in allergic rhinitis.'?*"'°?'?* Oneof the
“non-immediate nasal responses” to allergen challenge,
the so-called “delayed nasal response” (DNR), was ini-
tially clinically observed and described by us.27! Al-
though the exact mechanisms causing DNR are not yet
fully clear, our previous investigations’*?! and this
present study, in addition to the observations of other
investigators, leads us to believe that the delayed hyper-
sensitivity (Type IV allergy) is one of the possible
mechanisms involved in the DNR.

This presumption can be supported by the following
facts observed in our previous and presentstudies,?*?!

Positive delayed skin responses to the sameallergen
appeared in most of the patients with DNR.
DNR was accompanied by extremelividity of the

nasal mucosa, mucosal induration, edema and numer-
ous mucosal hemorrhages in most cases. This picture
differs from that during the immediate and late re-
sponses, !:!52!

DNR was accompanied only by nasal obstruction,
while the other nasal complaints observed during the
immediate'® and late nasal responses”'® were absent.

In most of the DNR cases the count of leucocytes
and lymphocytes in the peripheral blood waselevated,
while the eosinophil count was not significantly
changed.
The nasal secretions during DNR showed an in-

creased numberof neutrophils, lymphocytes and epi-
thelial cells. Other cells were found sporadically. Some-
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times erythrocytes from disrupted capillaries appeared.
This finding differs from that observed during the im-
mediate response’! and the late response.”!

Nosignificant changes in the serum concentrations
of the immunoglobulins were found in most of the
patients with DNR, The serum concentration oftotal
IgE was not elevated in any ofthese patients. The serum
concentration of specific IgE was elevated only in a
minority ofthese patients. An increased serum concen-
tration of IgG, IgM and IgA was found only sporadic-
ally. These findings do not support the possible role of
these immunoglobulins in the DNR.

However, this conclusion has two controversial as-
pects,”* First, the complete role ofthe immunoglobulins
of individualclasses in detail, in various hypersensitiv-
ity reactions in the nasal mucosa is notyetfully known.
Secondly, the participation of the central parts (in the
serum) and of the topical parts (in the nasal mucosa)
in the nasal response and their feedback mechanisms
are not yet fully explained.

In a few cases of DNR,total IgE, specific IgE, IgG,
IgA. IgM immunoglobulins in the nasal secretions were
quantitatively determined. No elevated concentration
of any of these was found.
Our hypothesis that the delayed hypersensitivity

(Type LV allergy) could possibly be involved in the
“delayed nasal response” is supported by other investi-
gators’ observations.

Slavin et al*!) suggested “that symptomsofrhinitis
might also result from delayed hypersensitivity.” Other
investigators*®’"'°:'? found evidence for a cellular im-
mune response to some antigens in patients with hay
fever from various immunologicaltests in vitro. Alfosso
et al demonstrated the mitogenic activity of pollen,
which can lead to the stimulation of lymphocytes.
Ashidaet al?’ observed that endothelial cells can sup-
port the induction of mitogen-induced T-cell activa-
tion, and they suggested that cells lining blood vessels
may play an active role in the initiation of immune
responses In viiro. This fact seems tous to be important
because hemorrhages were observed during DNR.
Connel”* found lymphocytes and plasmacellinfiltrates
in the nasal biopsies of patients with allergic rhinitis.
Heinterpreted these findings as “being compatible with
Type TY immune mechanism.” Other investigators
have suggested a possible role of delayed hypersensitiv-
ity in patients with allergic rhinitis from the results of
allergy skin tests.*'"'? Michell and Platts-Mills" found
a delayed cutaneous response caused by “inhalation
allergens” involving T-cells, Their observation, as well
as the frequently described cutaneous basophil hyper-
sensitivity being considered as attributed to the delayed
hypersensitivity mechanism,?"*° could be analogicalre-
actions to the “delayed nasal response” observed by us.

With respect to the kind of allergens, some
investigators*?'*763'-syopested that “inhalation aller-
gens” can also be involved in the cell-mediate reactions
(delayed hypersensitivity).
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Rocklin et al’ observed possible suppression of
delayed hypersensitivity (lymphocyte functions) byhis-
taminein vitro, Their findings could explain why some
patients develop only the immediate response. In these
cases the histamine is probably the most important
mediator or is released in greater amounts than the
other mediators, and besides its mediating activity in
immediate hypersensitivity it also prevents the devel-
opmentof delayed hypersensitivity. Other patients de-
velop the dual nasal response. In them, the mediators
different from histamine probably play a more impor-
tant role in mediating of the immediate hypersensitiy-
ity, or the histamineis released in a lower concentration
which cannot prevent the developmentofthe delayed
nasal response.

In delayed hypersensitivity (cell-mediated immune
reaction) the antigen reacts with sensitized lymphocytes
(T-cells). Theyrelease a variety of factors (primary and
secondary mediators of delayed hypersensitivity) which
then act through several pathways on the further sys-
tems and organs resulting in immunological tissue in-
jury.223839

The role of the basophils in cutaneous basophil hy-
persensitivity has been confirmed.””’ Thepossible role
of mast cells and/or basophils in other kinds of delayed
hypersensitivity has also been suggested.*? #!404'-?
The varied presence of basophils led Dvorak et al to

formulate a theory of two different types of delayed
hypersensitivity reactions.*"*?
The suggested dual role of basophils and/or mast

cells in the immediate as well as the delayed hypersen-
sitivity could probably explain the appearance of the
dual delayed nasal response, and could also be inter-
preted as the linkage between these two very different
types of hypersensitivity.

In this study, DSCG demonstratedsignificant protec-
tive effects on the immediate response, which can be
explained by the ability of DSCG to prevent degranu-
lation of mast cells and basophils and the subsequent
release of the mediators,'*'**? On the other hand, the
full ineffectiveness of DSCG on the “delayed nasal
response” cannot support the suggested role ofthe mast
cells and/or basophils in the “delayed nasal re-
sponse”.*!°2! BDA showed opposite effects. The im-
mediate nasal response was notinfluencedsignificantly
by BDA,'*'*! while the “delayed nasal response” was
decreased significantly by BDA.
These results indicate that the mechanisms involved

in DNR might differ from those participating in the
immediate nasal response. Moreover, the excellent
protective effects ofBDA on DNRsupport the hypoth-
esis of the possible involvement of delayed hypersensi-
tivity in DNR,since the suppressive effects of cortico-
steroids on delayed hypersensitivity have been demon-
strated.?!44-*?

Glucocorticosteroids, including BDA, possess a high
anti-inflammatory activity*°4”°'* sometimes com-
bined with decongestant effects. However, their direct
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protective effects on the mast cells and basophils have
not yet been confirmed,*“**°"! They decrease and inhibit
the action of cGMP, and increase and potentiate
CAMP**552:5355 leading to inhibition of the lympho-
cytes’ proliferation and the production of lympho-
kines.” They also inhibit the synthesis of some prosta-
glandins by preventing the release of the arachidonic
acid precursors.***5-4""52356 By increasing the resist-
ance of the capillary wall, corticosteroids inhibit the
extravasation of fluid and reduce the accumulation of
leucocytes and lymphocytes at the site of injury.** Glu-
cocorticosteroids also influence the various functions
of leucocytes and their redistribution. Neutrophils mar-
ginating the capillary endothelium in tissue re-enter the
circulation, while eosinophils, monocytes and lympho-
cytes disappear from it.“* They also antagonize the
effects of various chemotactic factors.** Nevertheless,
the effects of glucocorticosteroids in detail on the de-
layed hypersensitivity are still uncertain.”
The results of our present study lead us to believe

that a possible involvement of the delayed hypersensi-
tivity in DNR can be presumed. Our hypothesis might
be analogical to the suggestion of some authors of the
possible existence of delayed hypersensitivity in certain
pulmonary discases in man.?’*? We are aware that
more concurrent immunological investigation will be
necessary to clarify the mechanisms underlying the
“delayed nasal mucosa response.”
As a result ofthis study, the following procedure for

the practical use of disodium cromoglyconate (DSCG)
and beclomethasone dipropionate (BDA)is suggested.

In patients with allergic rhinitis with the “delayed
nasal response,” BDA (800 wg daily intranasally) should
be the primary therapeutic choice.
When immediate responses to the same allergen

(DDNR)or also to other allergens are present, then in
addition to prolonged BDA therapy (800 ug daily intra-
nasally), DSCG (4 x | capsule daily intranasally) should
be added temporarily for a period of six to ten months
at the beginning of the treatment.
With such a schedule, we achieved excellent thera-

peutic improvement in most of our patients with the
delayed nasal response.
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Nasal challenges performed in 182 patients with allergic rhinitis revealed 273 positive
and 125 negative responses to house dust, grass pollen, cat and dog danders and
aspergillusfumigatus, which all correlated with disease history and intracutaneous
tests. In these randomly selected patients the specific IgE antibodies in the serum to
the sameallergens as those usedfor nasal challenges were determined quantitatively
by serum RAST.

Additionally, blood and nasal eosinophilia were recorded during the nasal
provocation tests. In all 273 positive challenges protection tests with disodium
cromoglycate (DSCG) were also performed.

In 24.2% of the positive nasal challenges serum RAST wasfound positive and in
18.7% of them serum RAST was doubtful. In 52% ofthe negative nasal challenges
negative serum RASTalso occurred.
No significant correlation wasfound between serum RASTand nasal challenges (X*

= 0.92; df. = 1; 0.20 <p < 0.40). No significant correlation wasfound between
serum RASTand nasal challengesfor individual allergens tested.

Since the nasal provocation test is an in vivo technique, it is likely to be of valuefor
ihe diagnostic confirmation of the allergic component (due to immediate
hypersensitivity) in patients with allergic rhinitis than serum RASTalone. Although
serum RAST cannot substitute the nasalprovocationtests, it may be a useful
supplementary diagnostic parameter.

{introduction

Tue MAGNITUDE OF ALLERGIC RHINITISis
often underestimated in practice, despite the fact that
his condition can be a long-term problem and asource
of considerable discomfort to the patient, affecting sey-
‘ral somatic, psychosocial and occupational aspects of
uis life. In predisposed individuals,allergic rhinitis may
»€ associated with bronchial asthma, asthmatic bronchi-
is or other complications (e.g. sinusitis, otitis, conjunc-
ivitis),
The diagnostic approach to the patient with allergic

hinitis varies in practice and usually consists of a brief
lisease history, skin tests and serum RAST, Sometimes,
erum RAST,as an in vitro technique,is preferred to the
vhole in vive tests, e.g. nasal provocation tests.

Doctor Pelikan, M.D., is Director of the Department of Allergology and
mmunology,Institute of Medical Sciences De Kiokkenberg,” Galderseweg 81,
800 RA BREDA,The Netherlands,
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The aim of this present study was to compare serum
RASTandthe nasal provocation tests with allergens in
patients with allergic rhinitis, using commonallergens
(house dust, grass pollen, cat danders, dog danders,
aspergillus fumigatus). One of the anticipated outcomes
of this study was to evaluate the values and limitations
of serum RASTand nasal challenges for the diagnosis
of allergic rhinitis.

Materials and Methods

Allergens*, Aqueous extracts were dialyzed, lyophi-
lyzed and then diluted in Coca’s Solution (dry weight of
lyophilyzed allergen in mg per | ml of Coca’s Solution)
andusedin the following concentrations:

Scratch + intracu-
taneous tests

0.50 mg/ml
0.25 mg/ml

Nasalchallenges

House dust 5.0 mg/ml
Cat danders 2.5 mg/ml

* Prepared by Allergen Laboratory “Diephuis.” Groningen. The Netherlands.
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Scratch + intracu-{aheongaeete Nasal challenges

Dog danders 0.25 mg/ml 2.5 mg/ml
Aspergillus fumigatus 0.25 mg/ml 2.5 mg/ml
Grass pollen** 1 000 NU/ml 10 000 NU/ml

Skin tests. Scratch tests were performed initially and
evaluated at 20 minutes.If they were negative, intracu-
taneoustests (i.c.) were carried out and evaluated 20

minuteslater.*
Nasal provocation tests**. These were performed by

means of a modified rhinomanometry technique (bal-
loon technique) measuring the nasal resistance, which
methods have been described previously,’* Every test
consisted of (a) “initial value” (base line}—parameters
were recorded at 0, 5S and 10 minutes, (b) “Coca’s Solu-
tion value”—parameters were recorded at 0, 5 and 10
minutes after 3 minutes’ application of Coca’s Solution
to the nasal mucosa, and(c) allergen challenge values—

parameters were recorded at 0, 5, 10, 20, 30, 45, 60, 90
and 120 minutesafter the 3 minutes’ challenge ofallergen
to the nasal mucosa.

RAST(radio-allergo-sorbent test). Specific serum IgE
antibodies were determined quantitatively by means of
the standard Phadebas RAST technique. Grass pollens
were used for RASTas individual antigens and not as a
mixture, The RAST was considered to be positive for
grass pollen if at least one of the ninebasic grass antigens
was positive. The RAST was considered to be negative
for grass pollen if all the nine grass pollen antigens were
negative.

Total blood eosinophil count. This was performed three
times during each nasal provocation test: before and at
30 and 60 minutes after the allergen challenge. The
samples were stained with Eosin Y technique.° An eosin-
ophil count higher than 300 eos per mm* (300 x 10°/1)
was considered to be elevated.

Nasal eosinophil count. Nasal secretions’ samples ob-
tained before allergen challenge and at 30 and 60 minutes
after allergen challenge were processed and stained by
Hansel’s technique,®” modified by the author.* The eo-
sinophil cells were enumerated microscopically and ex-
pressed as a percentage of 100 leucocytes.”

Protection tests with intranasal disodium cromeglycate
(DSCG). A 2% solution of DSCG in distilled water was
applied to the nasal mucosa for three minutes by means
of wadofcotton wool on a nasal probe introduced under
the middle concha. Seven minutes after the end of the
DSCG administration, challenge with allergen was per-

** Dry weight percentage: Secale cereale 15%, Dactylis glomerata 15%, Lolium
perenne 10%, Anthoxanthum odoratum 10%, Agrostis alba [0%, Holcus
lanatus 10%, Phleum pratense 10%, Cyosurus cristatus 5%, Alopecurus praten-
sis 15%,

* The evaluation of the intracutancous tests: — = normal skin appearance, + =
wheal diameter up to 5.0 mm(original injected papule); + — wheal diameter
up to 7.5 mm; ++ = wheal diameter up to 10 mm, ++ = wheal diameter up to
12.5 mm, +++ = wheal diameter up to 15.0 mm; +++ = wheal diameter
greater than [5 mm, with surrounding erythema and sometimes with pseudo-
podia.

** The nasal provocation tests are henceforth abbreviated as NPT.
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formed on the samesite and the parameters were re-
corded up to 120 minutes.’

Patients. In patients with seasonal or perennial rhinitis
the following baseline diagnostic studies were performed.
A. Basic general examination: extensive disease history,
physical examination, basic laboratory tests. X-ray ex-
amination of sinuses (if necessary also chest X-ray) and
basic pulmonary functions. B, Basicallergic and immu-
nologic examination: (a) Skin tests (first scratch tests, if
these were negative then intracutaneoustests), (b) Nasal
Histamine Threshold, (c) nasal provocation tests with

various allergensas determined by history andskin tests,
(d) nasalsecretions’ cytogramsand eosinophil count, and
(e) blood leucocyte and eosinophil count.

In 182 patients with allergic rhinitis, a total of 398
nasal provocation tests with one or more of the above-
mentioned allergens which correlated with the intracu-
taneoustests and disease history were randomlyselected.
Of these 398 nasal provocation tests, there were 273
positive NPT (“positive correlating NPT group”)* and
125. negative NPT (“negative correlating NPT

group”).**
In all patients studied the specific serum IgE antibod-

ies to house dust, cat danders, dog danders. Aspergillus
fumigatus and the nine individualgrass pollens were also
determined quantitatively by serum RAST.

In addition, the protection tests with intranasal diso-
dium cromoglycate were performedin the case ofall 273
positive nasal challenges from the “positive correlating
NPT group”as described above.

Statistical analysis. The Chi-square test was employed
for statistical evaluation of the results. A p value of
< 0.05 was considered to bestatistically significant.°”°

Results

Of the group of 273 positive nasal challenges, serum
RASTwas found positive (score 4,3) in 66 cases (24.2%)
and doubtful (score 2) in 51 cases (18.7%). In the re-

maining 156 positive nasal challenges (57.1%), the serum
RASTwas negative (score 1,0).
Of the group of125 negative nasal challenges, negative

serum RAST (score 1,0) was found in 65 cases (52.0%).
In the remaining 60 cases, serum RAST waspositive in
21 cases (16.8%) and questionable in 39 cases (31.2%). It

can then be concluded that in 127 of the 273 positive
nasal challenges (42.9%) serum RAST wasalso found

positive. In 65 of the 125 negative nasal challenges
(52.0%) serum RAST was also found negative. These

results are summarized in Table I.
The distribution of the serum RAST results with

respect to the individual allergens in both groups of nasal
challenges is presented in Tables I and III. The corre-
lation between the serum RASTresults and the nasal

 
* “Positive correlating NPT group” = positive NPT, positive skin tests and
positive disease historylo the same allergen,

** “Negative correlating NPT group” = negative NPT, negative skin tests and
negative disease history to the sameallergen.
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Table |. The Survey of Serum RASTResults in the ‘‘Positive Correlating NPT Group"and in the “Negative

Correlating NPT Group."

Disease history + intra-
 ific Renters os 7 =

Nasal provocation tests RAST (specific IgE antibodies in the serum)

 

cutaneoustests Score Interpretation

pie eget positive = 66 (24.2%)
Positive = 273 Positive = 273 2 = 51 (18.7%) doubtful = 51 (18.7%)

ae BBae negative = 156 (87.1%)

a aetna) positive = 21 (16.8%)
Negative = 125 Negative = 125 2 = 39 (31.2%) doubtful = 39 (31.2%)

. E oa| negative = 65 (62.0%)

 

Results of RAST evaluated by the standard Pharmacia RAST Score; the interpretation of which has been
modified by us:

ScoreO = concentration less than 0.35 U/ml
1 = 0.35 — 0.70 U/ml negative
2= 0.70 — 3.60 U/ml doubtful
3 = 3.50 —- 17.50 U/ml rn
4 = concentration higher than 17.5 U/ml Positive

Table ll. The Distribution of the RAST Results with Respectto the Individual Allergens in the
‘Positive Correlating NPT Group.”
 

RAST Numberof Nasal

AUCKOED Positive Doubtful Negative provocation tests
House dust 18 (20.2%) 25 (28.1%) 46 (51.7%) 89
Grass pollen 27 (31.1%) 19 (21.8%) 41 (47.1%) 87
Cat danders 11 (22.0%) 5 (6.0%) 34 (72.0%) 50
Dog danders 9 (22.5%) 1 (2.5%) 30 (75.0%) 40
Asperaillus fumigatus 1 (14.3%) 1 (14.3%) 5 (71.4%) 7
Total 66 (24.2%) §1.(18.7%) 156 (57.1%) 273
 

Table Ill. The Distribution of the RAST Results with Respectto the Individual Allergens in the
“Negative Correlating NPT Group.”
 

RAST Numberof Nasal
aieraen Positive Doubtful Negative provocationtests

House dust 312.0%) 14 (44.0%) 41 (44.0%) 25
Grasspollen 5 (12.8%) 12 (30.8%) 22 (56.4%) 39
Cat danders 4 (16.7%) 7 (29.1%) 13 (54.2%) 24
Dog danders 7 (22.6%) 6 (19.4%) 18 (58.0%) 31
Asperaillus fumigatus 2 (33.3%) 3 (60.0%) 1 (16.7%) 6
Total 21 (16.8%) 39 (31.2%) 65 (52.0%) 125
 

enges for individual allergens was found to be non-
ficant and was as follows: house dust (X? = 2.5; d.f.
0.15 < p < 0.30); grass pollen (X* = 4.72; d.f. = 2,
< p < 0.10); cat danders (X* = 4.29; d.f. = 2; 0.10
< 0.20); dog danders (X* = 5.6; d.f. = 2; 0.05 < p

DSCG demonstrated distinct protective effects on the
positive nasal mucosa response. From the 273 positive
responses, DSCG protected fully 161 responses (58.9%),
decreased significantly (improvement higher than 50%)
108 challenges (39.6%) and was ineffective in 4 cases

10); aspergillus fumigatus (X? = 3.95, d.f.=2;0.10 (1.5%).
< 0,20). ;

9 significant correlation was found betweenthe score Discussion

e serum RAST and the degree of nasal response as
as intracutaneous tests to the same allergens in
mts from both the groups.
a elevated blood eosinophilia was found during 131
rive nasal challenges (=48%) and only in 8 negative
1 challenges (=6%). Changes in the count of the
1 secretions’ eosinophils between before and after
gen challenge were recorded in 223 positive chal-
es (=82%) and in |1 negative challenges (=9%). No

ionship was found between the number of eosino-
3 in the nasal secretions and the score of serum
3T in both the groups.

Numerous papers have dealt with the diagnostic value
of serum RAST for the allergic component due to the
immediate hypersensitivity (Lype I allergy) in patients
with allergic rhinitis. The majority of these papers report
a correlation between serum RASTand various in vivo
diagnostic tests, especially skin tests.''!? However, in
mostof these studies the allergic component in the nose
has not been confirmed by nasal provocation tests.
The nasalchallenges with allergens are accepted as an

important diagnostic parameter and as a definitive con-
firmationofthe allergic componentdueto the immediate
hypersensitivity in allergic rhinitis patients."
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A very important step in the developmentof clinical
allergy during the last decade has been the introduction
of the quantitative determination ofspecific serum IgE
antibodies,ie, RAST in the routine diagnosis ofallergic

diseases due to the immediate hypersensitivity?"
However, due to inappropriate use the RAST has come
undercriticism.

Studies dealing with the correlation between serum
RAST and the nasal challenges are not numerous and,
moreover,their results vary greatly, from a significantto
a non-significant correlation.'7?*

Ourresults, which indicate a less than optimal corre-

lation between serum RAST and NPT are comparable
with the findings of other authors**?"4*?79 as well as
with our previous studies.”

Wiithrich et alfound a correlation between serum
RAST andnasal challenges of 42-47%. Santrach et al”
observed 62% “incorrectly” negative RAST in positive
nasal challenges and a total discorrelation of 50%. Na-
gaya et al” concluded that manyallergic rhinitis patients
had a negative RAST andlow total serum IgE.

Other investigators found a significant correlation be-
tween NPT and serum RAST,being approximately 60-
80%. 11,18-20,26,28

The RAST results were evaluated by means ofthe
RAST Score, divided into five classes (0-4), the inter-

pretation of which, however, has already been modified
by us.” With respect to the irregular statistical distribu-
tion, to our clinical experience and to the results of
therapy, we concluded that only classes 3 and 4 of the
RAST Score can be accepted as real positive. Class 2
seems to us to be doubtful and classes | and 0 as negative.
Our difficulties with the interpretation of the RAST
Score and our suggestion to modify it were later sup-
ported by other investigators." These authors con-
cluded that the expectations of the RASTas a conclusive
test were exaggerated. They suggested some technical
and interpretative improvements of the RAST technique
and a re-evaluation of the position of serum RAST in
the diagnosis of allergic diseases.

Although this study deals with the relationships be-
tween nasal challenges ‘and serum RAST, some addi-

tional tests, i.e,, blood and nasal eosinophilia, and pro-
tection tests with DSCG, were performed. The results of
these procedures should be considered as supplementary
parameters supporting the diagnostic certainty of the
allergic component in the nasal mucosa.’
The positive NPT were accompanied in a high per-

centage (82%) by changes in the count of the nasal
secretions’ eosinophils (= local eosinophils) and, in a
rather low percentage (48%), by an elevated blood eosin-
ophilia. This fact could indicate that the nasal mucosa
response to allergen challenge is a more topical event,
which does not necessarily need to invoke a further
central response (e.g., elevation of blood eosinophilia or
elevation of the immunoglobulin concentration in the
serum,in this case specific IpE).'42)-788997-%
DSCG is a very important drug in the treatment of
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allergic disorders due to immediate hypersensitivity, with RAST, or on serum RASTalonecanlead to the
respect to its protective action on the mast cells, whiclf Tisk of an incorrect diagnostic conclusion,at least
play a pivotal role in immediate hypersensitivity (Typeartof the patients. ip9..
| allergy). Good protective effects of DSCG observed imatients with suspected allergic rhinitis who dem-

98.5% of the 273 cases of positive nasal challenges couldted negative RAST, supplementary skin tests and
therefore be accepted as supplementary confirmationprovocationtests should be performed.

that the positive nasal responsesselected for this studyences

were indeed due to the immediate hypersensitivity (TyPéxan Z, Snoek WJ, Booij-Noord H, Orie NGM and de Vries K:
I allergy).” 5s itective effects of disodium cromoglycate on the allergen prov-

The suboptimal correlation between nasal challengestion of the nasal mucosa. Ann Allerg 28: 548, 1970.
and serum RASTobservedin this study could be causedkan Z, Feenstra L and Barree GOF: Response ofthe nasal

Fs : é cosa to allergen challenge measured by two different methods
and explained by the following factors: (1) The largest)inomanometry, AnnAllerg 38: 263, 1977.
part of the specific IgE antibodies playing a role in thékan Z; Allergic rhinitis—Diagnosis and treatment—especially
allergic reaction in the nose is probably synthetized irh respect to the flyingpersonnelof the Air Forces and ofthe
the nasal mucosa, which is directly stimulated by thece Programme. Aerztliche Praxis 30: 3031, 1978a.

‘ ‘ : ;ikan Z: Late and delayed responses of the nasal mucosa to
allergen. This topical process cana influence and mn wgen challenge. Ann Allerg 41: 37, 1978b.
crease significantly the level of specific IgE antibodies iresen BA and Cohen SG: The eosinophil, eosinophilia, eosino-
the serum.\*2881 (2) The role of antibodies of otheil-related disorder. In Allergy, Principles and Practice, Middleton
classes, different from the IgE class, e.g., IgG and/or IgAherdce and Ellis EF (Eds) St. Louis: The C.V. Mosby Co.,
in immediate hypersensitivity (Type I allergy) in the®sP 02% : m.
nasal SeGeE cannot be-excluded: Ao mae Ging FK: Cltnical Allergy, St, Louis; The C.V, Mosby Co., 1953,

Nasal challenges with allergens are carried out directl)psel FK: Allergy and Immunity in Otolaryngology. Am Acad
on the site of the antigen-antibody interaction (allergicthalmol and Otolaryngol Third Edition, 1975, p, 52.
reaction). They are, therefore, a more sensitive and adikan Z: The eosinophils in the nasalsecretions and nasal

equate technique for the detection of the topical allergi(voraton Nests Pabee Decreeee Oe een Anna
: Sees g of European Academy of Allergology and Clinical Im

reaction than a general determination of specific IgEnology, Clermont-Ferrand,Sept. 24-26, 1981, p. 141,
antibodies circulating in the serum. Their concentrationz W:Statistical methods as applied to immunological data. In
can namely be influenced by various factors as well aindbook ofExperimental Immunology, Volume 3, Third Edition
by other antigen-antibody interactions occurring in othe’ DM (Ed.). Oxford, London, Edinburgh, Melbourne. Black-

4.14,16,46 . «4+ ll Science Publication, 1978, p. A2.1.
parts ofthe body. (4) With respect to the variation... K and Lautner C: Documenta Geigy—Wissenschafiliche Ta-
in the specificity and antigenicity of the allergens, then, Seventh Edition. Basel. J.R. Geigy A.G., Pharma, 1962, p.
origin of the allergens could also be of importance fo’.
this lack of correlation. The nasal challenges and skirfTandppcweoewith the radioaller-

tests are usually carried out with allergens Originatnynan PS,Lichtenstein LM and Ishizaka K: Diagnostic tests in
from the same country (sometimes from the same area weed hay fever. A comparison ofdirectskin tests, IgE antibody
as where the patient lives. In contrast, most of thtasurements and basophil histamine release. J Allerg 52: 210,
standard allergens used for the commercial RAST kit’3.
are collected in certain countries(e.g., in the Scandinasen H: Clinical Allergy, Based on Provocative Testing. Hicksville
vian countries) and are then used fortests in patients in): Exposition Univ. Book,1978.
oflied cointaaeitlE this tactis*eonfirmed ‘ascone-of then Z: The role of immediate, late and delayed reactions in

ae ees argic nasal diseases, In The Mast Cell, its Role in Health and
causesofthis discorrelation,it seems to us to be necessaTyease, Pepys J and Edwards AM (Eds.). Turnbridge Wells:
to perform also the serum RAST with allergens origiman Med. Publ., 1979 p. 772. (Proceedings of an International
nating from the patient's own country or from the PeedieneaeseaS oe) —

Ch WS ’ ‘ . f a . Clintient’s own area.”*“* (5) Finally, some technical and/0ere Suppl. 3: 50, 1973, BPEE Pee:
interpretation disadvantages of RASTas possible SOUFCCikan Z; Provocationtests as.an importantpart ofthe allergologic
of the above-mentioned lack of correlation cannot bgnostic procedure. In Developments in Medicine in Relation to
excluded220-324 \spitals. Leiden: Boerhaave Cursus, Feb. 14-15, 1980, p, 39. .

The following practical conclusions may be draw?Coeie type respiratory allergy: Pedia
from this study. (A) The correlation between serut., 7. Bennich H and Johanwan‘SGOvan vine diagnosis of
RASTand the nasal provocation tests was found to bpicallergy. 1. A comparison between provocation tests and the
non-significant. (B) The nasal provocation tests paAneecet test. Int Arch Allerg & App! Immunol40: 770,

f greater value for the diagnosis c *
possnsoe CEES RAST only. RKee canne! K and Johansson SGO:The radioallergosorbenttest in the in
a ergic TRIAS! Ulan scram : Ont: -, O diagnosis of multiple reaginic allergy. J Allerg & Clin Im-
substitute the nasal provocation tests and other ivivo) 4g: 134, 1971.

diagnostic tests generally. This would only be possible inansson SGO: IgE and the new understanding ofallergy. In
such cases where the nasal challenges cannot be pergnosis and TreatmentofIgE-mediated Diseases, Johansson SGO
formed or are contra-indicated. 2623)" (C) The diagnos): Amsterdam, Oxford, Princeton: Excerpta Medica, 1980, p.

of allergic rhinitis, based only on disease history an’
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A New Disease: a Nasal Form of

Pigeon Breeder’s Disease

Z. PELIKAN and M. PELIKAN-FILIPEK

Dept. of Allergology and Immunology,Institute of Medical Sciences “De Klokkenberg”, Breda, The Netherlands

In 47 allergic rhinitis patients regularly exposed to pigeons, nasal provocation tests with

pigeon dropping extracts, in combination with other parameters, were performed. Twenty-
five ofthe 47 patients developed a late nasal response (LNR) to pigeon droppings (53%),
six of them an isolated response and 19 a dual response (immediate + late). The
precipitating antibodies to pigeon droppings were positive in 20 (80%) and to pigeon serum
in nine LNR patients (36 %). Late skin responses to pigeon droppings occurred in 15 (60%)
and to pigeon serum in seven LNR patients (28%), In 13 patients (52%) general malaise, in
seven (28 %) increased blood eosinophilia, in nine (36%) increased body temperature and in
11 (44 %) haemorrhages in the nasal mucosa were observed during the LNR, The results of
this study provide evidence for the existence of a new disease, a nasal form of pigeon
breeder’s disease.

Key words; late nasal response: pigeon breeder's disease, nasal form; pigeon droppings.
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CLINICAL ASPECTS

Late nasal response to pigeon droppings challenge was recorded in 53% of patients with nasal
complaints, The patients were, directly or indirectly, regularly exposed to pigeons. Late nasal
response was observed in two forms, either isolated or dual (immedi:

nasal response to pigeon di :
PPE?

+ late resp ). Late

iated in different degrees with in vitro and in 

vivo parameters (late skin response, precipitating IgG antibodies to pigeon droppings in the
patient’s serum, g 1 Jai d body t

. blood eosinophilia), provides
diagnostic confirmation of a nasal form of pigeon breeder’s disease.

Pigeon breeder's disease (PBD), in its pulmon-

ary form belonging to the group of hypersensi-

tivity pneumonitis or extrinsic alveolitis, is
observed regularly in a number of exposed

breeders (1, 2, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15,
28).

Pigeonbreeder's disease is characterized clin-
ically by a late broncho-obstructive response
appearing several hours (4—8 h) after exposure

to pigeon droppings (24), accompanied by for-

mation of precipitins in the lung tissues (some-
times visible on chest X-rays), an increase in

body temperature and general malaise (1, 2, 6,

9, 10, 25, 29, 30).

Immunologically, this disease, being a non-

IgE mediated hypersensitivity state, is character-

ized by the occurrence of precipitating anti-
bodies to the proteins of pigeon droppings in
the serum of exposed individuals (6, 8, 9, 14,

18, 25, 28, 31).
Type Il (late) hypersensitivity (Arthus

phenomenon) has been suggested as the mech-

anism inyolved in PBD (3, 5, 9, 11, 13, 14, 24,

25, 27,31).
A nasal form of PBD,or a nasal equivalent to

this pulmonary disorder, has, to our know-

ledge, not yet been described in theliterature.

Among the patients referred to our depart-
ment,.we see, regularly, pigeon breeders with

the pulmonary form of PBD, and also patients

with nasal complaints only, which can sometimes
be related to pigeon excretions. This observa-
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tion caused us to carry out the presentinvestiga-

tion, which is a continuation ofour preliminary

report (23). The purpose of this study was to

investigate the existence of a nasal form of

pigeon breeder’s disease andits clinical features

and frequency.

MATERIAL AND METHODS

Allergens

Dialyzed and lyophilized extracts were diluted

in Coca's solution (dry weight of allergen in

mg/l ml Coca’s solution) and used in the fol-
lowing concentrations: a) for intracutaneous

tests: pigeon faeces, feathers and serum — 0.25

mg/ml each; b) for nasal challenges: pigeon

faeces 2.5 mg/ml.

Skin tests

Scratch tests were performedfirst. If these were

negative, then imtracutaneous tests (i,c.) were

carried out and evaluated at 20 min, 8, 24 and
48 h after allergen injection, Skin tests were

interpreted as follows: an immediate skin re-

sponse — positivity within 20 min; a late skin

response — positivity within 8-24 h (sometimes

persisting up to 48 h), The evaluation para-

meters are presentedin Table 2.

Nasal provocationtests (NPT)

Apparatus and equipment consisted of a one-

channel recorder, an electric differential trans-

ducer, a water manometer, a small rubber bal-

loon 5 mm in diameter and 25 mm in length

and a connecting system of polyethylene tubes

(19, 21, 22, 23).

Principle of method. The nasal mucosa of a pa-

tient with allergic rhinitis, when challenged

topically by an allergen to which he is sensitive,

reacts with swelling, hypersecretion, sneezing

and itching. The changes influence the passage

of air through the nose, resulting in pressure
differences between the nasopharyngeal cavity

and the outside air, while the air-flow is con-

stant. These pressure differences, the so-called

NPG (nasopharynx-nostril-pressure gradients)
expressed in cm H,O, were recorded and con-

sidered as a parameter for assessment of the

nasal mucosa response. ‘The mean NPG values

were calculated during regular breathing for 90

to 120 sec. This “balloon technique”, being a

combination of anterior and posterior rhino-

manometry, has been described in detail in our

previous papers (19, 21, 22, 23).

Procedure. After equipmentcalibration, a rubber

balloon was inserted into the nasopharynx

through one of the nasal cavities, filled with
2 ml air and connected to the pressure trans-

ducer. During the recording of NPG, the pa-

tient breathed only through the non-intubated
cavity, the mouth being closed and the in-

tubated cavity being closed by the patient’s

finger placed on the alae nasi, (The finger
closing the nostril did not influence the air

pressure inside the tubing because the tubing

material was of PVC with a thick wall and low
elasticity). Within 15 min of balloon insertion,

when the patient was breathing regularly, the
test was begun accordingto the following sche-

dule:

a) Iniital (basic) values. The NPG values were

recorded at 0, 5 and 10 min to obtain the
so-called “initial (basic) values”; b) Coca’s solution

values, Coca’s solution was applied for 3 min to

the nasal mucosa ofthe non-intubated cavity by

means of a saturated wad of cotton wool on a
nasal probe. The NPG values were then re-
corded at 0, 5 and 10 min. If no significant
changes in mean NPG “Coca’s values” com-

pared with mean “initial NPG values” were
measured, the investigation was continued;

c) Allergen challenge. The nasal mucosa was chal-

lenged with the allergen for 3 min in the same

way andat the samesite as with Coca’s solution.

The NPG values were recorded at 0, 5, 10, 20,

30, 45, 60, (90), 120 min and then every hour

up to 30 h, with the exception of an interval

between the 11th and 24th hour during which
the patient slept.
The nasal response was considered positive

when the mean NPGvalues after allergen chal-
lenge increased by at least 2.0 cm HyO with

respect to the “Initial” and “Coca’s solution”
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values, (The 25D value with this techiqueis 1.6

cm H,0). A significant increase in NPG values

within 60 min of allergen challenge was con-
sidered as an immediate nasal response and

within 4—24 h as a late response.

The control test with Coca’s solution was
performed 4 days later in all patients with
positive nasal responses. After the “initial NPG
values”, Coca’s solution was applied to the nasal

mucosa as previously and the mean NPG values

were recorded up to 30 h.

Body temperature was recorded four times

daily, starting 1 day before allergen challenge
and continuing up to 48 h after challenge.
Leucocyte and eosinophil count in the peripheral
blood was recorded three times on the day prior
to challenge; on the “challenge day” once before
and then at 1,4 and 8 h after challenge; and

three times on the day after challenge. Subjective

nasal and general complaints were recorded con-

unually during an interval from 24 h before

challenge until 30 h after. Precipitating antibodies

(IgG) in the patient’s serum to pigeon faeces and
pigeon scrum were determined by double im-

muno-diffusion in gel according to Ouchterlony

& Nilsson (17). and Hudson & Hay(12).

Histology of nasal secretions. Samples of nasal sec-

retions were obtained before allergen challenge

and after challenge at 0,30 and 60 min and then

every 2nd h. After processing, the samples were

stained by Hansel’s method, modified by the

author, and evaluated microscopically.

Total IgE antibodies in serum (PRIST) was de-

termined once in the Medical Chemical Labora-

tory in Assen, The Netherlands. X-ray of sinusses
was performed 24 h after allergen challenge in
tour patients,

Patients

From a total of 273 patients with rhinitis com-

plaints only, referred to our department during

a 16 month period, 47 patients, in whom a

perennial allergic component was suspected,

also reported regular exposure to pigeons and/

or their excretions cither through their hobby

as a pigeon breeder, or as a member ofa

breeder's family or a close neighbour.

In these 47 patients, besides the routinealler-

gologic diagnostic procedure (including short-

term nasal challenges with basic “inhalation”
allergens), long-term nasal provocation tests

with pigeon faeces extracts supplemented by

other diagnostic parameters were performed.

The patients were investigated during a

period without acute complaints. None of them

had previously received immunotherapy or

corticosteroids, and a few had used disodium

cromoglycate. They received no antihistaminics

or topical decongestants during the 3 days
prior to the study, The clinical characteristics
of the patients studied are presented in Table 1,

RESULTS

Froma total of 273 patients suffering from
rhinitis complaints, with possible involyement
ofan allergic componentof the perennial type,

47 patients (17.2%) reported regular contact
with pigeons or regular exposure to pigeon

excretions.

Long-term nasal provocation tests with

pigeon faeces extracts were performedin these
47 patients. Twenty-five developed a “late nasal
response” to pigeon faeces antigen (53%) and

are referred to as the “positive late response

group" (PLRG). The remaining 22 patients

(47%) developed no nasal responses and are
referred to as the “negative late response

group” (NLRG),

Of the 25 patients demonstrating a late nasal

response (LNR), six developed only an isolated

late nasal response (ILNR), while the other 19

showed a dual nasal response (DNR), which is a

combination of the “immediate nasal response”

(INR) and the “late nasal response” (DLNR).

In four patients with LNR (2 with ILNR and

2 with DNR) the long-term provocation test

with pigeon droppings extract was repeated

8—10 days after the first challenge, to check the

reproducibility of the test. The nasal response

after the repeated challenge did not differ sig-
nificantly from the first response in any of the
fourpatients investigated.

The “isolated late response” began within

4—6 h, reached its maximum within 6-12 h and

resolved within 26 h ofallergen challenge. In
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Table |

Clinical characteristics of the patients with late nasal response to pigeon dropping extract
 

 

Distance

Disease : ofpigeon
Nasal complaints history Approx, arid Frequency Director lofts

Pauent Age Sex Ob- Hyper~ epee related No. Soe of indirect from .

struction secretion to pigeons eins} exposure exposure patient's
pigeons house

(meters)

1 13 F +++ + = = 40 13 daily neighbours 8

2 9 F ++ ++ + - 40 9 daily neighbours 8

3 50 F ++4 + oe + 80 15 daily neighbours 5

s 27 F +++ +++ + +. 200 4 daily neighbours 8

5 27 F ++ +4 ++ + 20 5 daily neighbours 7

6 26 F +++ - +e + 200 10 daily neighbours 4

7 44 M ++ +++ + + 20 20 daily breeder 5
8 33 M +++ ++ ++ + 60 10 daily breeder 10

o 25 F +44 ~ - - 100 20 daily husband 3
10 64 M +++ 4 4 4 60 40 daily breeder 6

Hl 34 M +++ = = 140 8 daily breeder 8

12 20 F ++ + ++ - 25 20 daily father 4

13 40 M +++ oe - + 40 33 daily breeder 3

14 37 F ++ = = =- 50 13 daily neighbours &

15 10 M ++ + + - 100 10 daily father 6

16 24 M +++ = = i 50 24 daily father 10
17 26 M +++ ++ + + RO 20 weekend father 10
18 15 M ++ = + - 25 15 daily father 10

19 24 F +4+ + +++ + 5”) 24 daily father 6

20 25 F ++ 2s - = a) 3 daily neighbours 15
21 42 M ++ ae = + 120) 10 daily neighbours a
22 36 M + + + - HON) 36 daily father 4

23 18 E +++ - = + 30 18 daily neighbours 8

24 37 F ++ + + = 10 8 daily neighbours 10

25 15 M me 7 + + 200 15 weekly grandfather 7

 

the case of the “dual response", an “immediate
response” appeared first (onset within 10 min,

maximum within 30 min, resolving within 120
min ofallergen challenge) and then after a free

interval of 2-4 h the late response occurred.

The late nasal responses are summarized in

Fig. 1.

Three of the 22 patients in the NLRG deve-

loped an “immediate nasal response” to pigeon

faeces to a slight degree.

The results of other diagnostic parameters

are presented in Tables 2 and 3.

Theassociation of LNR, in both its modifica-
tions, with other diagnostic parameters was as

follows:

A late skin response to pigeon faeces was found

in 15 patients with LNR (60%) (4 with ILNR

(16%) and 11 with DLNR (44%)). A late skin
response to pigeon serum was observed in seven

patients with LNR (28%) (2 with ILNR (8%)
and 5 with DLNR (20%)).

An tmmediate skin response to pigeon faeces was

found in 10 of the 19 DNR and in two ofthe six

ILNR patients. An immediate skin response to

pigeon serum was found in four of the 19 DNR

patients and in noneof the six ILNR patients.

Positive precipitating antibodies (IgG) in serum

were found in 20 LNR patients (80%) to pigeon

faeces antigen (6 with ILNR and 14 with
DLNR) and to pigeon serum antigen in nine
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Fig. 1. Dual (immediate + late) and isolated nasal mucosa response to nasal challenge with pigeon dropping extract. The mean

NPG values after allergen challenge with respect to the appropriate “Coca's solution NPG values” were calculated from the
positively reacting patients ofboth types ofresponse-

© = Dual nasal response (immediate + late); @ = Isolated late nasal response.

LNR patients (36%) (3 with ILNR and 6 with
DLNR).

In seven patients, an increased blood eosinophil

count (28%) and in six patients an increased blood

leucocyte count (24%) were recorded during the

LNR.
A slight increase in body temperature during the

positive LNR was recorded in nine patients

(36%) (4 with LLNR and 5 with DLNR),
Thirteen patients (52%) (5 with ILNR and 8

with DLNR) complained of general malaise

(headache,tiredness, malaise) during the LNR.

Nasal complaints, obstruction, hypersecretion,

sneezing and itching appeared equally during

the INR, while nasal obstruction was the most

pronounced complaint during all cases of LNR.

In four of the six ILNR patients and seven of

the L9 DNR patients, small mucosal haemorrhages

appeared during the late response (6-12 h) and

lasted up to approximately 30 h after allergen

challenge.

An increased number of eosinophils, mast

cells and goblet cells were found in the nasal

secretions during most cases of INR. During the

LNR, the nasal secretions showed a mixture of

cells (a moderate number of eosinophils and

goblet cells, sporadic mast cells) with a slight

prevalence of neutrophilic leucocytes. No dif-

ferences were observed in the nasal secretions

between both modifications of LNR.

Serum concentration of the total IgE antibodies

(serum PRIST) was slightly elevated in eight

patients with DLNR and in one patient with
ILNR.

In four of the ILNRpositive patients, X-rays

of the sinusses were performed 24 after aller-

gen challenge. Three of them developedslight
oedema of the mucosal membranein the max-
illar sinusses.

The disease history parameters related to pigeons

are summarized in Table 1. The pigeon-related

disease history (nasal complaints) was suggest-

ive in 14 patients with LNR. In most of the
patients, exposure to pigeons and/or their ex-

cretions was longer than 4-5 years, the fre-
quency was daily and the number of pigeons

kept was more than 10), usually 50 or more.

The results.of the other diagnostic para-

meters found in 22 patients with negative LNR

(NLRG)are presented in Table 3.

Clinical tmprovement after 1 year

Eleven of the 25 LNR patients avoided all

contact with pigeons. They all reported a sig-

nificant improvementin their nasal complaints.
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Table 2

Survey ofresults ofin viv and in vitro tests in patients with positive late nasal responses to pigeon dropping extract
 

 

Intracutaneous Nasal response to Increase in body Precipitating IgG General

tests response! allergen challenge temperature after antibodies in Blood at

Patient Alletgeti ~Tmanes Immed:.—allergencchallenge serum against® eosinophilic eeces

diate igag ihy ME ihe ogogy (within og py Pigeon Pigeon cellsimm3? oon
(20 min) in 60 min) (60 min) droppings serum challenge

| PD - 1 1 + - - 4 0 638 +
2 PD = ++ + + - = 2 0 550 =

3 PD z a + + = = 2 2 SOR =

4 PD ++ ~ - + + + 1-2 2 330 +
5 PD = a us i - ~ 3 1 1364 -
6 PD ++ + + + - - 2 0 352 =
7 PD “ ++ + + = = 0 2 495 -
8 PD +++ + + + ~ = 3 2-3 605 e
) PD - + + + - ~ 2 2-3 407 -
10 PD ++ ++ oS + = + 2-3 1-2 550, +

! PD - +t = + = + 54 0 407 +
12 PD = + 2 + — + 2 2-3 1331 +

1S PD - = + + + - 1 0 603 =
14 PD _ + = + = - 1 | 275 =

15 PD ++ - + + = 0 | 1749 ~
1G PD = — + oh = vu 3 0 660 +

17 PD ++ - + + _ = 1 I 275 =
18 Pb tae + + + = a 2 1-2 1397 +

19 PD +++ 4+ + + - + 2 0 SKB +
20 PD + + + i _ + 1-2 1 1199 +
21 PD - ~ + ' - + 2 1 803 +
22 PD - ~ - + - - 3 Q 770) +
23 PD = ++ + + — > 4 0 1353

24 PD = = + + = + 2 0 814 +
25 PD + - + + - - 2 2 1496 -
 

PD = Pigeon dropping extract.
! Evaluation of intracutaneoustests:

— = normal skin appearance
+ = wheal not greater thanoriginal injected papule

+ = wheal increase up to 7,5 mm diam,

++ = wheal increase up to 10.0 mmdiam.

++ = wheal increase up to 12.5 mm diam.

+++ = wheal increase up to 15.0. mm diam.

+++ = wheal increase > 15 mm diam, with surrounding erythema and sometimes with “pseudopodia”.

2 Blood eosinophil count evalution: < 300 cos/mm3 = normal;
3 Number of precipitatinglines,

Six others reduced their contact with pigeons
and their nasal complaints improved only parti-
ally, The eight patients who did notalter their
contact with pigeons reported persisting nasal

complaints despite therapy.

> 300 eos/mm3 = increased.

DISCUSSION

Pigeon breeder's disease has been detected not

only in pigeon breeders (1, 2, 3, 4, 5, 6, 7), but

also in their wives (29), children (11, 30, 31),
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Table 3

Summarized results of diagnostic parameters in patients with
positive late nasal responses and with negative late nasal

responses
 

Nasal response

Dual Isolated late

(n=19) late (n=6) ("= 22)
 

imme- PD 10 2 6
Positive skin diate PS 4 0 2

response PD i 4 3
ite 88 5 2 |

Positive PA in PD 14 6 2

patient’s serum PS 6 3 0

Increase of

blood eos/leucos ate Ale on

Increase in bady
4 5 4 Q

temperature

General malaise 8 5 0

Late nasal complaints 18 6 0

A f°ppearance o 7 4 0
mucosal haemorrhuges

 

PD = Pigeon dropping extract.
PS = Pigeon serum extract.

PA = Precipitating antibodies.

and neighbours (24), all of whom having been
directly or indirectly exposed to pigeon drop-
pings. The frequency of PBD varies from
country to country and has been found in

6-12% of breeders (3, 4). In all individuals

exposed, the frequency of PBD found by us was

31% (24),
It has been demonstrated that PBD is caused

by inhalation of dried pigeon droppings (6).

Edwards et al. (5) demonstrated that antigens

present in the pigeon alimentary tract cross-

react with pigeon serum proteins, probably

gamma globulin. Pigeon 7S globulin has been

suggested as the main antigen responsible for
this disorder(8).

The immunological feature of PBD is the

occurrence of precipitating antibodies in the

serum of persons exposed to pigeons and/or

their droppings over a longer period (6, 8, 9,

15, 18, 25, 28, 31). Precipitating antibodies of

the IgG class (5, 6, 14, 25), but also from other

classes, e.g. IgM (14), or Pl-antibodies (a variant

of IgM) have been regularly detected in the
patient's serum (16),

Clinically, PBD has been observed in acute

and sub-acute forms (9). Some investigators

have suggested two types of PBD, a symptom-

atic and an asymptomatic (6, 9, 14), In both

types, precipitating antibodies in the patient's

serum to pigeon dropping antigens have been

detected; however, after exposure to pigeon

droppings, the patient with the symptomatic

type develops a typical clinical picture, while the

patient with the asymptomatic type does not.

‘The acute pulmonary form of PBDis character-

ized by the so-called bronchial response occur-

ring several hours after exposure to pigeon

droppings (4—8 h), where the obstructive and
restrictive components in various ratios, are re-

gularly accompanied by other symptoms (gene-

ral malaise, increased body temperature, cough,

chills, myalgia). Changes on the chest X-ray also

occur, e.g. pronounced broncho-vascular mark-

ings combined with fine sharp nodulations and
retriculation, or so-called honeycombing (9, 13,

27). The late broncho-obstructive response has

been observed eitheras an isolated late response

or as a dual response, where the late response

was preceded by an immediate response (24).

We found the late broncho-obstructive re-

sponse to bronchial challenge with pigeon

dropping antigen in 31% of exposed individu-
als (breeders, their family members, neigh-

bours) (24). The study showed that the positive
precipitating antibodies in the serum ofindi-
viduals exposed to pigeon droppings are an

important diagnostic parameter for PBD. How-

ever, the definitive diagnostic confirmation of

PBDshould be provided by bronchial challenge
with pigeon dropping extract, which with its

lower antigen concentration is safer than chal-

lenge by natural exposure(1, 2, 16). The exist-
ence of the so-called asymptomatic PBD form

could not be confirmed by ourstudy,

PBD aswell as its clinical manifestation, the
late bronchial response, are presumed to be

caused by Type III (late) hypersensitivit
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(Arthus reaction, immune-complex mechan-

ism) (3, 6, 9, 10, 14, 15, 25, 26, 28, 31). This

hypothesis is based on the existence ofprecipi-

tating antibodies (IgG, IgM) in the patient's

serum which are involved in the forming of
immune complexes (11, 27), and on the histo-

logical changes in lung biopsies corresponding
to the changes typical for the Arthus reaction

(10, 24, 26).
Other authors, however, have suggested the

possible involvement of Type IV (delayed)

hypersensitivity (cell-mediated hypersensitivity)

in PBD. They have detected lymphocyte trans-

formation and the macrophage migration-inhi-
bition factors in some of the PBD patients(7).

Classically, it has been presumed that PBDis
a typical hypersensitivity state localized only in

the lung tissue and in no other organ. In the

literature available we have not yet found any

report of possible extrapulmonarylocalization

of PBD. Ourpreliminary study (23) probably

provided the first evidence for the possible

existence of a nasal form of PBD,
Late nasal response to challenge with pigeon

dropping antigens, described in our previous

(23), and this present study seems to be clinic-
ally similar to the late broncho-obstructive re-

sponse observed byus after bronchial challenge

with the same antigen (24), The presence of

precipitating antibodies in the serum ofpa-

tients with LNR to pigeon droppings and the

results of other diagnostic parameters support

this hypothesis.

The LNR to pigeon droppings has also many

similarities with the LNR observed by us after

challenge with “inhalation” allergens (19, 21,

29). However, there are some differences be-

tween them (e.g. general malaise, blood leuco-

cytes and eosinophils, body temperature, pre-

cipitating antibodies, etc.).

LNR to pigeon droppings was associated in

different degrees with various in vitro and im

wive parameters; late nasal complaints being

highest (100%), followed by precipitating IgG

antibodies in the patient's serum to pigeon

droppings (80%), late skin responses to the

same antigen (60%) and general malaise (52 %).

Interpretation of the double immuno-diffu-

sion results is not without difficulnes, These

results are characterized by the appearance of

precipitating lines, which can vary both in num-

ber and thickness. According to our previous

experience, two or more lines are considered

significantly positive, Only one line could be a

non-specific result (impurity of material) or pos-

sibly “cross-allergy”,

A similar problem arises with the interpreta-
tion of skin tests. Ten of the 25 patients with

positive LNR had negative late skin responses,

while three patients with negative LNR showed

positive late skin responses. This could perhaps

be explained by false positive skin response or

by the presence of mechanisms in the skin,

which differ from those in the nasal mucosa, or
by the presence of precipitating [gG antibodies

in the skin and/or serum which are absentin the

nasal mucosa.

This study shows that intracutaneous Lests are

a useful in vivo supplementary parameter, but

not the most important. The dilemma with skin

tests is that they are performed on one organ
and conclusions are drawn tor other organs, in

this case the nasal mucosa. Such an application

also has its limitations, It is very important to

follow the skin tests for at least 48 h after

injection with respectto late skin response.
The nasal secretions during the LNR showed

a mixture of various cells, with a slight pre-

valence of neutrophils in contrast to the picture

found during the INR, where the eosinophils

and the mast cells dominated, These findings

are similar to those observed by us during the
LNRto inhalation allergens (22). The presence

of neutrophils in the nasal secretions could be

seen as a supplementary argumentforthe pos-

sible involvement of Type III hypersensitivity
in the LNR,
Another important finding was the appear-

ance of mucosal haemorrhages in 52% of the

patients during the LNR. Undercertain cir-
cumstances, these mucosal haemorrhages can

be considered comparable to histopathological

changes typical of the Arthus reaction (Type

III hypersensitivity) having been found in the
lung tissue of hypersensitivity pneumonitis pa-

tients. For technical reasons, biopsies of the

nasal mucosa have not been performed as rou-

tine examination, The results ofincidental
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biopsies were therefore not reported. However,

a microscopic deposition of precipitating anti-
bodies in the nasal mucosa around the capil-

laries (with respect to haemorrhages) cannot be

excluded. Therefore, in the future, nasal
mucosa biopsies, X-rays of the sinusses and
immunological tests of the nasal secretions in
patients with the nasal form of PBD will be a
useful supplement to the routine diagnostic
procedure.

Anotherinteresting fact was the appearance

of a dual nasal response, as well as a dual skin
response, This observation could indicate the

presence of two different mechanisms, one due

to the IgE and the other to the IgG (and IgM,

IgA) antibodies, or a possible dual role of the

IgG antibodies in the immediate andlate re-

sponses (19, 21, 22, 23, 25, 26, 27, 28).

Conclusion

The late nasal response to pigeon dropping

challenge accompanied by late skin responses,

positive precipitating serum IgG antibodies,

and other diagnostic parameters, suggests the
existence of a new disease, a nasal form of
pigeon breeder's disease.
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The changesin the nasal secretions of
eosinophils during the immediate nasal
responseto allergen challenge
 

  

Z. Pelikan, M.D. Breda, The Netherlands

dn 162 patients with allergic rhinitis due to immediate hypersensitivity, nasal provocationtests

(NPT) were supplemented by recording of the eosinophils in the nasal secretions (NS), Nasal

secretion specimens were obtained before and repeatedly after allergen challenge and stained by

a modified Hansel's method. The 188 positive immediate nasal responses (INR) that correlated

with positive skin tests and history and 92 negative INR that correlated with negative skin tests

and history were studied. Several different types ofeosinophil response to allergen challenge

were observed. Eosinophilia way found in the NS in 84% of patients with positive INR but in

only 49%of patients with negative INR. The eosinophil count before allergen challenge was low
in 79.5% of positive INR and in 76.5% ofnegative INR, whereas it was high in 20.5% of

positive INR and bi 23.5% of negative INR. The positive INR were accompanied bysignificant

changes (p <0.01) in the eosinophil count berween before and after allergen challenge in 74%

and the negative INR in anly 19% of the cases. These changes appeared within 30 sin afier

allergen challenge. This study showsthar only a single count of eosinophils in the NS is nota

sdtable indicaior ofnasal allergy, The recording of eosinophils in ihe NS can be considered as

a useful supplementary diagnostic parameter for the possible involvement of inmediate

Aypersensitivity in ihe nasal mucosa if (1) the eosinophil count iy related to a certtin allergen

and (2) the eosinophils are recorded before and repeatedly up to 60 min afier allergen

challenge. (J ALLERGY CLIN IMMUNOL 72:657-662, 1983.)

The eosinophil leukocyte, besides having a variety

of otherfunctions, plays one of the pivotalroles in the

mechanism ofthe allergic reaction.'~"' Its role in im-
mediate hypersensitivity has been studied exten-

sively.* + 8"! 4: 15 However, some studies suggest

that its role also in other types of hypersensitivity

cannot be excluded." ™ '! The involvementof eosino-

phils in the allergic reaction is principally of two

Kinds: as a target cell, which is influenced and af-

fected by previously released compounds from other
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cells (e.g., mast cells or basophil leukocytes), and as

a source of a numberofsubstances that. after release.

participate in the modulating of other steps.*- *-*

Several, sometimes controversial, papers discuss

the possible role and significance of the eosinophil in

allergic rhinitis.“. "~"- "5° The eosinophils in the
blood," 2% 7. 30. the BK the pasal mucosa tis-
sue ,+- IR. 2E-23. HR. 8M and NS": Hh. 18. 18. 20-38 have been

studied in patients with allergic rhinitis. Nevertheless.
the exact role of the eosinophil in allergic reactions in

the nasal mucosa is not yet knownindetail.

In practice, the appearance of eosinophils in the NS

is presumed to be one ofthe clinical indicators of the

involvementofan allergic reaction in rhinitis patients,
This conclusion is usually drawn from only a single

sample of the patient's nasal smear and in most cases
is not directly related to other factors ,+ 7% 28. 81. 8. 35

Weregularly see patients suffering fromallergic
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Abbreviations used

NPT: Nasal provocation test

INR: Immediate nasal response

NPG: Nasopharynx-nostril pressure gradient

MGG:  May-Griinwald-Giemsastaining technique

NS: Nasal secretions
i.c.:  Intracutaneous 
  
rhinitis with an allergic component in which several

diagnostic parameters are positive and the NS do not

demonstrate any significant eosinophilia, or patients

where the high numberof NS eosinophils is one ofthe

few clinical findings, or patients with some positive
clinical parameters who demonstrate a high variation

in the numberof eosinophils in the NS.

The purpose of this study, being a continuation of

our preliminary papers,''~'* was to investigate the

changes in the number of cosinophils in the NS in

relation to challenge with a certain allergen. We also

tried to describe these changes, to interpret them, and

to determine the criteria upon which the occurrence of

eosinophils in the NS could be accepted as a diagnos-

tic parameter for nasal allergy.

MATERIALS AND METHODS

Patients

In 162 patients suffering from ullergic rhinitis with a

perennial or seasonal allergic component, or a combination

of both, a routine diagnostic procedure was performed, in-

cluding short-term NPTs with allergens, All these patients

showed (1) nasal complaints (obstruction, hypersecretion.

sneezing, itching) to various degrees; (2) positive disease

history to one or more allergens; (3) positive immediate skin

responses to more than one allergen; (4) positive results of

short-term NPTs with various allergens. The patients were

investigated during a symptom-free period. None of them

had received previous immunotherapy, disodium cromogly-

cale or corticosteroids, within at least | yr before this study.

Noantihistaminicesor topical decongestants were given to

them during the 3-dayinterval prior to this study.

Allergens

Allergens in the form ofdialyzed and lyophilized extracts

were diluted in Coca’s solution (dry weightof allergen re-

ported in milligrams per | milliliter of Coca's solution) and

used for nasal challenges and skin tests in the concentrations

summarized in Table 1.

Skin testing

The scratch tests were performed first, If they were nega-

tive, then i.c, tests were carried out and evaluated after

20 min.
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Nasal provocation tests

NPTswere carried out by the rhinomanometrytechnique,

which has been described in detail in our previous pa-

pers.'°-!?, 441 The NPG values (expressed in cm H,O)

recorded by this technique were considered as basic parame-

ters of the nasal mucosa respanse (= nasalobstruction). The

schedule of the NPT was as follows: (1) recording of the

“Initial values”’ at 0, 5, and 10 min; (2) recording of the

““Coca’s solution values’' at 0,5, and 10 min after 3 min

application of Coca’s solution to the nasal mucosa of the

nonintubated nasal cavity by means of a saturated wad of

cotton wool on a nasal probe; (3) challenge of allergen for 3

min in the same way and manner as Coca’s solution and

recording of NPG values at 0,5, 10, 20, 30,45, 60, 90, and

120 min. The NPTwas considered to be positive when the

mean NPGvalues after allergen challenge increased by at

least 2.0 cm H,O with respect to the initial and Coca’s

solution values.

Nasal secretions

During the NPTs, samples of NS were obtained from the

nonintubated nasal cavity by having the patient blow his

nose onto a polyethylene sheet. Two specimens of NS were

always taken and that twice before the allergen challenge

(after the initial values and after the Coca’s solution values)

and six times after the allergen challenge at 0, 10, 20, 30,

45, and 60 min. In some ofthe patients, specimensof the

NS were collected every hour up to 10 hrafter the allergen

challenge, and in sporadic cases the NS specimenscollect-

ing was continued up to 3 days after NPT.

One series of air-dried specimens was processed by

polyethylene glycol and stained by Hansel’s method,"**: **

modified by the author,'’ and the other series was stained by

a modified MGG"*"4 as a control technique, According to

our previous studies, in the case of Hansel's method, we

used double fixation, air-drying, and polyethylene glyco]

(Carbowax; Union Carbide Corp., New York, N. Y.), al-

lowing a better adhesion of the material to the glass slide.

The specimens were dehydrated by methyl alcohol,

mounted in Canada balsam, and then scanned microscopi-

cally as ‘‘double-blind”’ for the technician. The whole slide,

usually SO microscopic fields (magnification 250), was

always examined and the leukocytes including eosinophils

were recorded by meansof a differentiation count. Doubtful

ceils were re-examined under oil immersion (magnification

1000%). The number of cosinophils was expressed as a

percentage of 100 leukocytes, calculated from the whole

slide.

The eosinophil percentage was graded as follows: 0 to

5% = —; 5% to 10% = +; 10% to 25% = +; 25% to

40% = ++: 40% to 60% = 4+; 60% to 80%= +45;

80% to 100% = +++. Changes in the eosinophil count

less than 10% were regarded as nonsignificant (p > 0.05).

Control test with Coca’‘s solution

In 56 patients a control test with Coca’s solution was also

performed 5 days after the NPT. The Coca's solution was
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TABLE|. Survey of the allergens used for skin

tests and nasal challenges
 

Concentration

(per 1 ml of Coca’s solution)

 

Scratch and
Nasal intracutaneous

challenge tests

House dust 5.0 mg 0.5 mg

Dog danders 2.5 mg 0.25 mg

Cat danders 2.5 mg 0.25 mg

Hamster danders 2.5 mg 0.25 mg

Horse danders 2.5 mg 0,25 mg

Moulds mixture 2.0 mg 0.2 mg

Mites (D. pieronyssinus) 100 NU 10 NU

Grass pollen mixture 10,000 NU 1,000 NU

Spring pollen mixture 10,000 NU 1,000 NU

Weed pollen mixture 10,000 NU 1,000 NU
 

Allergens: dry weight of dialyzed and lyophilized allergen extracts

in mg; I Noon unit (NU) = 0.001 mgofdry pollen (powder) =

0.5 PNU = 1,3 TNU.

applied to the nasal mucosa in the same wayas previously

and the NPG were then recorded up to 120 min by the same

schedule as that during the NPT. Samples of NS were ob-

tained, processed, and stained in the same way as those

during the NPT with allergen.

Statistical evaluation

The nasal response to allergen challenge wasStatistically

evaluated by Wilcoxon matched paired test. The changes

between the cosinophil count before and after allergen chal-

lenge within the same group (positive NPT group and nega-

tive NPTgroup) were evaluated by Wilcoxonpaired test. A

p value <0.05 was considered to be significant.

RESULTS

In 162 patients, a total of 373 NFTs with allergen

were performed. From the 373, 304 NPTs (81%) cor-

related with disease history and i.c. tests. The 205

positive INRs (p < 0.05) correlated with positive dis-

ease history and positive skin tests, and 99 negative

INRs (p < 0.01) correlated with negative disease his-
tory and negative skin tests. The 69 noncorrelating

nasal responses (41 positive and 28 negative) were

rejected from this study and willlater be the subject of

another investigation. Twenty-four correlating INRs

(17 positive and 7 negative) were withdrawn from this

study because NS could not be obtained.

Several different types of eosinophil response to

allergen challenge were observed during the 188 pos-

itive and 92 negative INRs, They can be summarized

Eosinophils of nasal secretions 659

TABLE Il. Survey of the changes in the eosinophil

count in NS during the positive and negative

nasal challengés
 

Eosinophil count in NS
(%of total leukocytes)

 

Before 30-60 min
INR challenge after challenge

Positive (n = 188) im , High = 57.5%

LOW TOE ray aaa
High = 4.0%

i =e =.Agi St ag 165%
Negative (n = 92) — , High = 8.5%

Low = 76.5% Low. = 68.0%

igh = 13.0%righ’ = oasm: Hen 130%
Low = 10.5%
 

*Including 16% of total absence of easinophils

*Including 51% of total] absence of eosinophils.

as follows: (1) no changes in the eosinophil number

between before and after allergen challenge; (2) an

increase in the number after challenge, which per-

sisted throughout the period of observation; (3) an
initial increase in number, followed by a decrease; (4)

a decrease; (5) a decrease initially, followed by an

increase in the numberof cosinophils. The survey of
the changes in the eosinophil count between before

and after allergen challenge in the positive and nega-

tive INR groups is presented in Table II.

Nosignificant differences in the eosinophil count
were found between the initia] value and the Coca’s

solution value (p > 0.1). The presence of eosinophils
in the NS was found in 84% of patients with positive
INR butin only 49%of those with negative INR. The

eosinophil count before allergen challenge was low

{up to +) in 79.5% of patients with positive INR and

in 76.5% of those with negative INR and it was high

(up to +++) in 20.5% of positive INRs and in 23.5%

of negative INRs. The positive INRs were accom-
panied by significant changes (p < 0.01) in the

eosinophil count between before and after allergen
challenge in 74%of cases, which appeared within 30

min after allergen challenge and lasted several hours.

In 26% of the INR positive, this count was not sig-

nificantly changed (p > 0.05). During the negative
INR, the eosinophil count between before and after

allergen challenge changed significantly (p < 0.05) in

19% of cases, but in 81% of cases this count did not

show any changes (p > 0.1). No relationships were

observed between the individual allergens tested and
the individual types of eosinophil response. The

changes of the NPG values recorded during the con-
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trol tests with Coca’ssolutionin all 56 patients varied

only within 1.4 cm H,O and were notsignificant with

respect to the initial NPG values (p < 0.1). No sig-

nificant changes in the eosinophil count were ob-
served between before and after application of Coca's

solution during the control test with Coca’s solution

(p > 0.05) in all 56 patients. These changes varied

within 10%, The reproducibility of the technique was

satisfactory. The results of the control series of spec-

imens, stained by MGG did not differ significantly
from results with the specimens stained by Hansel's

staining, either with respect to the differential count
of leukocytes or with respect to the percentage of

eosinophils. However, the specimens stained by the
modified Hansel’s technique were of slightly better

quality and easier to evaluate than those stained by

MGG.

DISCUSSION

Various papers deal with the presence ofeosinophils

in the nasal mucosa and in the NS* "141718. 20-38, 42

and with their significance fornasal allergy, especially

of the immediate type. In most of these papers, only a
single specimen of nasal smear has been studied.

We were unable to find any report in the available

literature that investigated extensively the changes in

the eosinophil count in the NS and their types in rela-

tion to allergen challenge in a large group of patients

with allergic rhinitis,
The allergic reaction in the nasal mucosa is a pro-

cess that is always caused by a certain allergen.

Therefore, if the eosinophils are involvedin this reac-

tion, then their count should be related to the certain

allergen. The involyement of the eosinophil in the

allergic reaction, being a dynamic process, can be

characterized only by comparing of the changes be-

fore and after the certain allergen. The eosinophil

count and its changes should be regarded as a

confirmation ofthe role of a certain allergen in caus-
ing a certain responsein the nasal mucosa and notas a

general diagnostic parameter only.

The examination of the NS for eosinophils seems to
be a single technique,atfirst sight. However, with re-

spect to some technical aspects concerningthe collect-

ing and processing ofthe NS,as well as to the interpre-

tation of the results, this technique is not so easy and

requires a certain degree of experience. The NS can be
collected by wiping from the nasal cavity with a
cotton-tipped wiper or swab, !*: 14, 22, 25, 26, 31, 34-36 by

aspiration with a suction tip or syringe,'* *° or by
blowing the nose onto a waxpaper or polyethylene

sheet." 7% 74 36 Bach of these techniques has its
advantages and disadvantages. We used the blowing
technique becauseit seemsto us to be the most similar

to the natural clearance of the nose.
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Various methods of recording, evaluating, and in-

terpreting the cytologic findings in the NS have been
described1 14, 19, 22—26, 28, 29, 31, 34, 35 Hansel’s method,

which records the eosinophils in relationship to the
neutrophils by means of plus scores,” ** ‘

used frequently. Some authors recorded the eosino-

phils only by means of an approximated grade sys-

tem,?* 1: 4+ 45 or counted the eosinophils per mi-
croscopicfield (e.g., high-powerfield),”° or recorded

the eosinophils as a percentage of the total leukocyte
count.'* !% #4 22, 43 However, in most of these stud-

ies, the specimens were examined by scanning of a

limited numberof microscopicfields. The distribution

of the cells in the NS, as well as the density of the
secretions, is not always regular and cannot satisfac-

torily be standardized. Therefore we consider this

technique as only semiquantitative. With respect to

this disadvantage, we always examined the whole

slide, and all leukocytes were recorded. The eosino-
phils were then expressed as a percentage of 100 leu-

kocytes calculated from the whole slide. In this very

laborious manner, we tried to minimize the technical

disadvantage. Our method is similar to that used by

O'Connell et al.** for the counting of sputum eo-
sinophils.

Although the differential count of leukocytes is

more suitable for the evaluation of blood smears,

which are a homogeneous material,” we found from

our preliminary studies that this method is also valu-
able for the counting of eosinophils in the NS. The

exfoliative process in the nasal mucosa is not limited

only to eosinophils, Therefore the differential count
supplies information about the whole spectrum of

leukocytes in the specimen and their proportions,

especially that between eosinophils and neutrophils.
In most of the papers where the presence of

eosinophils in the NS was used as one of the indi-

cators of nasalallergy ,'*+ 2% 73-29 the eosinophil count

was performed as a single determination at an arbi-

trarily chosen time. The presence of a high numberof
eosinophils in the NS wasinterpreted as an additional

confirmation of nasal allergy. A low numberofeosin-
ophils or their absencein the NS was explained asa less

probable involvement of an allergic reaction.'* *2-%
The results of our present study demonstrate that in

the majority of patients the number of eosinophils

before allergen challenge was low (79.5% of positive

INRs and 76.5% of negative INRs) and that no differ-

ences were found betweenthe positive INR group and

the negative INR group. Therefore only a single count

of eosinophils in the NS seems to us to be a doubtful
test.

Our findings of a high-level eosinophil count with-

out changes in 13.0% of patients with negative INR

can be similar to the NARES syndrome described by

» 29, 31 is
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Jacobs et al.,!* Mullarkeyet al.,!7 and Connell,'® who

found nasal eosinophilia in patients with nonallergic

rhinitis. Our results of a total absence of eosinophils

in 16.0% ofpositive INRs can besimilar to the obser-
vation of Connell,'* who did notfind any eosinophils

in the nasal mucosa and NS in a numberofallergic
rhinitis patients.

Our results demonstrating that only the changes in

the eosinophil count in the NS related to challenge

with a certain allergen can be an indicative parameter

for nasal allergy are supported by Mygind’s'* similar

findings. On the other hand, Mygind’s and our study
are not fully comparable because he studied only five
patients and recorded the eosinophils up to 3 days

after allergen challenge. In our opinion, the recording

of the eosinophils before and upto 1 hrafter allergen

challenge is a more adequate schedule that can be

better related to a certain allergen. During a longer
interval, an exposure to other allergens or nonspecific

agents influencing the eosinophil kinetics cannot be
excluded.

The most important finding in this present study

was the observation of the significant changes in the

number ofeosinophils before and after allergen chal-
lenge in 74% of patients having positive INR and only

in 19% of cases of patients with negative INR. This

finding emphasizes that only the changes in the num-

ber of eosinophils related to a certain allergen (re-

corded before and after allergen challenge) can be

accepted as a decisive supplementary parameter for
the possible involvement of the immediate hy-

persensitivity in the nasal mucosa.

The role and involvement of the eosinophil in

the immediate hypersensitivity reactions are mani-

fold.?~* °—15. 33 However, they are not yet known in

detail. One of the most important questions concerns
the mode of involvement, Is the eosinophil a part of

this mechanism or a consequenceofit? Or is its in-

volyement a combination ofboth of these (e.g., a dual

role)? Our results can imply the following hypothesis.
The fact that the number of eosinophils in the NS

increased within 30 min after allergen challenge in

57.5%of positive INRs but in only 8.5% of negative

INRscan indicate that eosinophils have been attracted

to the nasal mucosa and subsequently into the NS

during the later stage of the allergic reaction mecha-

nism. After antigen-antibody interaction, the media-

tors and eosinophil chemotactic factors released from

the mastcells (basophils) acted on the effector organs,

resulting in the appearance of various symptoms, one

of these being an increase in the eosinophil number.

The topical eosinophil accumulation can therefore be
interpreted as a consequence of the positive allergic
reaction of the immediate type.

On the other hand, the decrease in the number of
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eosinophils after allergen challenge in 16.5% of pa-

tients with positive INR can be considered as a con-

sumption of directly involved eosinophils. This can

indicate the possible involvementof eosinophils in the
early stage ofthe allergic reaction mechanism, prob-

ably as an integrated part ofthis reaction.
From another point of view, 74% of “'‘positive

INRs with changes in the eosinophil count,’* charac-

terized by the relationships ‘‘increase-decrease’’ and

*‘decrease-increase,’* can be seen as a possible dual

involvement of the eosinophil in the allergic reaction.

In this way, the eosinophil can be regarded as an

integrated part of some of the steps and also as a

consequence of other steps of the immediate hy-
persensitivity mechanism.

implications for clinical practice

|. Only a single recording ofthe eosinophils in the

NS is not a suitable indicator of immediate hy-

persensitivity in the nasal mucosa.

2, The recording of the eosinophils in the NS can

be considered as a useful diagnostic supplementif (a)

the eosinophil countis related to a certain allergen and

(b) the cosinophils are recorded before and repeatedly

after the allergen challenge.

3, Only the changes in the eosinophil count after
allergen challenge compared to that before challenge

should be accepted as a supplementary diagnostic pa-
rameter,
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In 102 randomly selected patients with allergic rhinitis caused by immediate hypersensitivity,

nasal provocation tests (NPTs) with allergens were evaluated by means of rhinomanometry, and

cytologic examination of the nasal secretions (NS) was performed. The cells in NS of 117

positive immediate nasal responses (INRs) and in 68 negative INRs, correlating with history and

skin tests, and in 102 control challenges with phosphate-buffered saline were stained by .

modified May-Griinwald-Giemsa, toluidine blue, and Hansel's method. The positive INR was

accompanied bysignificant changes in the count ofeosinophils (increase followed by decrease)

in 67% of neutrophils (decrease followed by increase) in 40%, goblet cells (increase followed by

decrease) in 41%, and basophils (decrease) in 13% of the NSs. No significant changes in the

count of other types of cells in the NSs were recorded during most of the cases of INR. No

significant changes in the count of individual cell types in NSs were found during most cases of

negative INR. During the phosphate-bujfered saline control challenges, the individualcell types

appeared irregularly, and no significant changes in their count were recorded in any patient.

The cytologic examination of NS, evoked by allergen, appears therefore to be a valuable

supplementary diagnostic parameter for nasal allergy. The repeated counting of eosinophils in

NS, before and after allergen challenge, appears to be the best way to discriminate between

positive and negative nasal responses, since the eosinophils demonstrated significant changes in

their count during 67% of the positive and only 11% of the negative INRs. (J ALLERGY CLIN
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The appearance of various cells in NS, especially

of eosinophils and mast cells/ basophils, and their sig-
nificance for the nasal allergy has been studied for

several years.”

Studies concerning the appearance of other cell

kinds in NS are not numerous.'’ ” We did notfind
any article in the available literature describing ex-

tensively the appearance ofall types of cells and the
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Abbreviations used

NPT: Nasal provocation test

INR: Immediate nasal response

NS: Nasal secretions

PBS: Phosphate-buffered saline

IH: Immediate hypersensitivity

NPG: Nasopharynx-nostril pressure gradient ex-

pressed in cmH,O   
changes in their count during INR in a large group of
patients.

In practice, the appearance of eosinophils in NS is

presumedto be an indicator for the nasal allergy. This

presumption is usually made from a single sample of

the patient’s NS and is, in most cases. not directly

related to a particular allergen.* '* '* '*:?’ Other au-

thors suggested the appearance of mast cells/baso-

phils in NS to be a diagnostic parameterfor the nasal
allergen." 12-14, 17, 19, 21, 29

Nevertheless, the exact role and involvement of
eosinophils, as well as of mast cells/basophils in hy-

persensitivity reactions in the nasal mucosa and in

various types of nasal response, is not yet known in

detail. There is a dearth of information concerning the

role and significance also of other cell Kinds in NS,

for example, neutrophils. goblet cells, lymphocytes,

etc., for the particular types of hypersensitivity in the

nose and the types of nasal response.

The purpose of this study, since it is a continuation

of our previous studies,** was (1) to investigate the
changes in the count of individual cell types in NS

during the INR to allergen challenge caused by JH
(type 1) mechanism and (2) to evaluate the possible

significance of such changes for the IH in the nose.

MATERIAL AND METHODS
Patients

The 102 patients, 18 to 40 years of age, suffering only
from allergic rhinitis, with perennial or seasonal allergic

component or a combination of both, were randomly se-

lected for this study. All these paticnts demonstrated (1)

nasal symptoms(obstruction, hypersecretion, sneezing, and

itching) in various degrces, (2) positive disease history to

one or more allergens, (3) positive skin tests (immediate

skin response) to one or moreallergens, and (4) no increased

responsiveness to histamine in the nose. Patients were in-

vestigated in a period of minimal complaints and without

nasal infections, most of them during hospitalization. None

were suffering from other disorders, other formsofallergy,

adverse reactions to foods, had polyps, or had had surgery

of the nose. None had had previous immunotherapy or had

received oral corticosteroids. No disodium cromoglycate or

topical corticosteroids were used for 8 weeks and no anti-

histamines or topical decongestants for 24 hours before this
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study. With respect to disease history, skin tests, and RAST,

all being either positive or negative, allergens were chosen

for the nasal challenges. The 128 positive INRs(p < 0.05),

correlating with positive history and positive skin tests, and

the 80 negative INRs (p < 0.01), correlating with negative

history and negative skin tests, were repeated 3 to 5 days
later and supplementedbycollection of the NS. In each of

the 102 patients, a control challenge with PBS was also
carried out and supplemented by histologic examination of
the NS. During 23 responses (11 positive and 12 negative),

no NScould be obtained, and these patients were therefore

excluded from the study.

Control group

In a group of 78 healthy volunteers, without any rhinitis

complaints, NS samples were collected before and four

times after the challenge with PBS, at 0, 30, 60, and 120

minutes, and histologically examined by the same technique

as will be described.

Allergens

Allergens (Diephuis Lahoratory, Groningen, The Neth-

erlands), in the form of dialyzed and lyophilyzed extracts,

were diluted in PBS (dry weight of allergen in milligrams

per | ml of PBS)andusedforskin tests in the concentrations
as follows: house dust, 0.5 mg/ml; animal danders, 0.25

mg/ml; molds, 0.2 mg/ml; Dermatophagoides pieronys-

sinus, 10 nU/ml; and pollen kinds, 1000 Noon units per

milliliter. The concentrations of allergens used for the nasal

challenges were always 10 times higher,

Skin tests

Scratch tests were first performed. If these tests were

negative, intracutaneoustests were carried out and evaluated

after 20 minutes and 6 hours and were then followed every

24 hours, up to 96 hours, according to a standard routine

schedule. Skin reaction (wheal), appearing 20 minutes after

the intradermalallergen injection, was considered a positive

immediate skin response.

NPTs

NPTs were performed by means of the rhinomanometry

technique, described in detail in our previous articles*° *
The NPG values recorded by this technique were considered

to be basic parameters of the nasal mucosa response (nasal

obstruction), The schedule of the NPT was as follows: (1)

initial values recorded at 0, 5, and 10 minutes, (2) PBS

values recorded at 0, 5, and 10 minutes after a 3-minute

application of PBS to the nasal mucosa of the nonintubated

nasal cavity by meansof a saturated wad of cotton wool on

a nasal probe, and (3) challenge with allergen for 3 minutes

by the same technique as for the PBS and recording of NPG

values at 0, 5, 10, 20, 30, 45, 60, 90, and 120 minutes.

The INR was considered to be positive when the mean NPG

values after allergen challenge increased by at least 2.0

cmH,O (1.2 + 0.3 = mean + SE) with respect to the
PBS values and at three consecutive time intervals within

60 minutes.
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TABLE |. Survey of the presenceofthe individual cell types in NS andthe significant changes in

their count during the positive and negative INR
 

Significant changesin the
cell count before and

 

Presenceof cells after allergen

INRs INRs

Positive Negative Positive Negative
(n = 117) (n = 68) (n = 117) (n = 68)

{%) (%) (%) (%)

Eosinophils 85 56 67 11

Basophils plus 16 11 13 2

mastcells

Neutrophils 91 66 40 4

Gobletcells 87 34 4) 4

Lymphocytes 11 2 2 0

Epithelial cells 68 63 0 0

Plasma cells 7 5 0 0

Monocytes 2 4 0 0
 

NSs

The NS specimens were obtained from the nonintubated

nasal cavity by having the patient blow onto a polyethylene

sheet immediately after every NPG recording, twice before

(initial and PBS values), and seven times after allergen

challenge at 0, 10, 20, 30, 45, 60, and 120 minutes. The
NS specimens were divided into three portions, transferred

to microscopic slides, and spread out on the slide surface

by meansof a glass probe.

The first series of air-dried specimens was additionally

fixed by polyethlene glycol and stained according to the

method of Hansel,' * modified by the authors,” ** the sec-

ond air-dried series was stained by a modified May-
Griinwald-Giemsa,** and the third series was fixed by meth-

anol and stained by the toluidine blue method.” Specimens

were dehydrated by methyl alcohol, mounted in Canada

balsam, and scanned microscopically.

Two techniques of cell counting were used: (1) the ab-

solute numberofindividual cell types was counted per mi-

croscopic field (magnification 250), and means were cal-

culated from 25 fields spread over the whole slide, and (2)

the leukocytes were recorded by means of a differentia]

count from 25 fields spread over the whole slide (magni-

fication x 250), and the numberoftheir individual subtypes

was expressed as a percentage of 100 leukocytes. The dif-

ferential count was used as-a control technique. Doubtful

cells were reexamined underoil immersion (magnification

x 1200).
The appearanceof the individual cell types was evaluated

as follows: —, no appearance at all; +, very slight; +,

slight; +=, moderate; + +, distinct; ++, large; and

+++, very large.

Thestatistically significant magnitude of changes in the

countof individual cell types in NS in patients with allergic

rhinitis between two consecutive degrees was as follows

(mean + SE): eosinophis, 7 (7.17 + 0.91); basophils and

mast cells, 2 (2.26 + 0.71); neutrophils, 8(8.33 + 0.56);

lymphocytes, 2 (2.0 + 0.25); monocytes, 1 (1.26 +
0.21); plasma cells, 1 (1.27 + 0.21); epithelial cells,

5 (5.00 + 0.63); and goblet cells, 4 (4.15 + 0.65). The
lowest difference in the count of the particular cell types,
which was found to be statistically significant (significant

magnitude), is + (very slight), as is expressed in thefigures.

Control tests with PBS

This test was performed in each patient, 3 days before

the first NPT, and the NS samples were processed in the
same way as during the NPT with allergen.

Statistical analysis

The INR was Statistically evaluated by Wilcoxon

matched-pair signed-rank test, comparing the NPG values

recorded after the allergen challenge with the mean NPG

value of PBS. A p value of <0.05 was considered to be

Statistically significant.

The positive and negative INRs were compared andsta-

tistically evaluated by means of the Mann-Whitney test.

(A p < 0.05 was considered to be statistically significant.)

The changes in the count ofindividual cell types were
statistically analyzed by the Wilcoxon paired test. A p value

<0.05 was considered to be statistically significant. Each

ofthe cell types recorded during the individual NPT, positive

INR, negative INR, or control PBS, was analyzed sepa-

rately, The numbers of cells recorded after allergen chal-

lenge at each of the times were compared with that recorded
after PBS.

If significant differences in the cell count were found at

least three times after allergen challenge, compared with

that after PBS, it was concluded that this cell type dem-

onstrated significant changes during that nasal response.
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FIG, 1. The mean NPG values recordedaftertheallergen challenge with respect to the appropriate
PBS NPG values were calculated from all 117 positive INRs. The mean changesin the count of
the individualtypesof cells in the NSs werecalculated from all positive INRs; positive immediate
nasal response (@—®); eosinophils (O---(); basophils (A --- A); neutrophils (O -- - ©);
goblet cells (x---x); lymphocytes (KX ----- &); epithelial cells (@----- ); |, initial value;
PBS, PBS value; ALL, allergen challenge.

minutes before challenge minutes after challenge.

FIG. 2. The mean NPGvalues recordedafterthe allergen challenge with respect to the appropriate
PBS NPG values were calculated from all 68 negative INRs. The mean changes in the count of
the individual types of cells in the NSs were calculated from all negative INRs; negative
immediate nasal response (®@——@); eosinophils (0) ---O); basophils (A --~ A); neutrophils
{O --- O); goblet cells (x --- x); lymphocytes (HW --- ++ 0); epithelial cells (@- +--+ ®); |, initial
value; PBS, PBS value; ALL, allergen challenge.

RESULTS

The 117 positive INRs (p < 0.05), 68 negative

INRs (p < 0.01), and 102 control PBS tests were the

subject of this study. The differences between the

positive and negative INRs, evaluated by the Mann-

Whitney U test, were statistically highly significant

(p < 0.0001) at all time intervals.

The 102 control challenges with PBS did not dem-

onstrate any significant changes of NPG (p > 0.1).

The presence of the individual types of cells in the

NSand the changesin their count before and after the
allergen challenge are summarized in Table I.

The cell influx into NS in the appropriate groups

was as follows:

Positive immediate nasal response (n = 117)

The changesin the count ofthe particular cell types

in NS during the positive INR are summarized in

Fig. 1.
Nosignificant changes in the count of any type of

cell were found between the initial and PBS values

(p > 0.05).

Eosinophils were present in NS in 85% of the pos-

itive INRs. Before the allergen challenge, their count

was low (up to +) in 65% and high (up to + + +)

in 20%. The positive INRs were accompanied bysig-

nificant changes (p < 0.05) in the eosinophil count

after allergen challenge, compared with that before

the challenge in 67% of the cases. In 54% of the INR

cases, the eosinophil count increased after allergen

challenge and then decreased, whereas in 13% of the
cases, their count decreased. The changes appeared

mostly within 30 minutes after the allergen challenge

and lasted up to 2 hoursatleast.
Neutrophils were present in NS in 91% of the pos-

itive INRs. Before allergen challenge, their count was

low (up to +) in 23% and high (up to +++) in

68% of the INR cases. Their count demonstrated sig-

nificant changes after the allergen challenge, com-

pared with that before the challenge in 40% of the

INRs(p < 0.05). In most of the INR cases (37%),

the neutrophil count decreased after allergen challenge

and then increased,
Basophils and mast cells were found in NS in 16%

of the positive INRs. Their count demonstrated sig-

nificant decrease after allergen challenge during 13%

of the INRs (p < 0.01).
Epithelial cells were present in NS in 68% of the

positive INRs. The changes in their count, recorded

during 11% of the positive INRs, were nonsignificant
(p > 0.1) and irregular.

Goblet cells were present in NS in 87% of the

positive INRs. Their count increased significantly af-

ter the allergen challenge in 41% of the INR cases

(p < 0.05).

Lymphocytes appeared in NS in 11% of the positive

INRs. Their count changed significantly in only 2%

of the INRs (p < 0.05), demonstrating a slight de-

crease, followed bya slight increase during the nasal
response.

Plasmacells and monocytes appeared in NS in 7%,

respectively, in 3% of the INRs withoutanysignificant
changes in their count (p > 0.1).

Statistically significant correlation of the NPG

changes during the positive INR and changes in the

count of the particular cell types were found as fol-

lows: (1) for eosinophils, 0, 10, 30, and 120 minutes

(p = 0.0001); (2) for neutrophils, 0, 10, 30, and 120

minutes (p = 0.0001); (3) for goblet cells, 0, 10, 30,

60, and 90 minutes (p = 0.0001); (4) for baso-

phils/mast cells, 10 and 30 minutes (p = 0.0001);

and (5)for epithelial cells, 30 minutes (p = 0.0001).

TABLEIl. Survey of the count (mean

value + SE) of individual cell types in NS in

control subjects before PBS challenge
 

Eosinophils 4 (3.90 + 0.40)
Basophils plus mast cells 0 (0.48 + 0,12)
Neutrophils 5 (5.00 + 0.63)
Epithelial cells 6 (6.20 + 0.92)

Goblet cells 1 (1.20 + 0.28)
Lymphocytes 1 (1.20 + 0,26)

Plasma cells 0 (0.40 + 0.13)

Monocytes 1 (1.10 + 0.30)
 

Thestatistically nonsignificant changes in the count

of lymphocytes, plasma cells, and monocytes did not
correlate with INR at all (p > 0.1614).

Negative INR (n = 68)

The changes in the count of individual cell types

in NS during the negative INR are presented in
Fig. 2.

Nosignificant changes in the count of any type of

cell were found between initial and PBS values
(p > 0.1).
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FIG. 3. The mean NPG values recorded after PBS challenge (control) with respect to the appro-
priate initial NPG values were calculated from all 102 control challenges; control challenge
with PBS (@——@)(n = 102 = 100%); eosinophils (CD - - - 4); basophils (A --- Aj; neutrophils
(O—O); goblet cells (x -- - x); lymphocytes (& - -- -- &); epithelial cells (@--+ +> ®); |, initial

value; PBS, PBS value.

Eosinophils were present in NS in 56% of negative

INRs. Their count before allergen challenge was low

(up to +) in 35% and high (up to + + +) in 21%

of the INRs. Significant changes in their count

(p < 0.05), an increase in eosinophils within 30 min-

utes after the challenge lasting up to 2 hours, were
recorded in only 11% of the INR cases.

Neutrophils were present in the NS in 66% ofthe

negative INRs. Significant changes in their count, a

slight increase in their number after allergen chal-

lenge, followed by a slow decrease, were recorded in

4% of the INR cases (p < 0.05).
Basophils and mast cells were found in NS in 11%

of the negative INRs. Significant changes in their

count, a slight increase after allergen challenge, were

recorded during 2% of the responses (p < 0.05).

Epithelial cells were present in NS in 63% of the

negative INRs, however without any significant

changes in their count after the allergen challenge

(p > 0.1).

Gobletcells were presentin NS in 34% of the INRs.

Significant changes in their count, a slight decrease

after allergen challenge, were found in 4% ofthe

negative INRs (p < 0.05).

Lymphocytes, plasma cells, and monocytes ap-

peared in the NS only sporadically: lymphocytes in

2%, plasma cells in 5%, and monocytes in 4%, with-

out any significant changes in their count between

before and after allergen challenge (p > 0.2).

PBS control challenge (n = 102)

Changes in the count of individual cell types and

their course during this challenge are illustrated in
Fig. 3. The individual types of cells appeared in NS

before the PBS challenge to a low degree and irreg-

ularly.
No significant changes in the count of any of the

individual cell types were recordedafter the PBS chal-
lenge, compared with that before the challenge. The

statistical significance for the individual cell types

was as follows: eosinophils, p >0.05; neutrophils,

p > 0.1; basophils and mastcells, p > 0.05; epithe-

lial cells, p > 0.05; goblet cells, p > 0.05; lympho-

cytes, p > 0.1; and plasma cells and monocytes,

p> 0.2.

Control group of healthy subjects

The count of individual kinds of cells in NS of the

control subjects (n = 78) before PBS challenge

(baseline) is presented in Table II. No significant

changes in the countof particular types of cells were

found between the baseline and any of the four time
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intervals (0, 30, 60, and 120 minutes) after the PBS

challenge (0.1 > p > 0.05).

DISCUSSION

The allergy reaction in the nasal mucosa is a dy-

namic process caused by a certain allergen in which

various types of cells are involved in varioussteps.
This is also an exfoliative process leading to release

of various cells into the NS, The involvement of in-

dividual cell types in the allergic reaction can be char-

acterized only by comparing the changes before and,

repeatedly, after the specific allergen.° The cytologic

examination of NSis a relatively easy and valuable

technique for evaluating the changes in the particular

cell types appearing in NS during the allergic re-

sponses. By contrast, this method is limited only to

the NS and does not evaluate the cellular changes in

the nasal mucosa tissue, which could, however, be
derived from a biopsy specimen only.

The NS cytogram, collecting and processing of NS

specimensandinterpretation of the results, requires a

certain experience. The NS can becollected by wiping

with a cotton-tipped wiper or swab,?:'') ‘1719-2 by
aspiration with a suction tip or syringe,*> or by
blowing the nose onto a wax paper or polyethylene

sheet,*'®: '5:'° We used the blowing technique because
it is most similar to the natural clearance of the nose

and not traumatizing to the nasal mucosa.

Various methods of recording and evaluating of

cytologic findings in the NS have already been
described.*!'> 21-23, 29

According to the method of Hansel,’ recording eo-
sinophils in relationship to the neutrophils by means

of plus scores is used frequently.’ °:'* Other authors

recorded eosinophils in NS by means of an approxi-
mated grade system only,’ ‘” '* counted the cells per

microscopic field,’ or recorded the cells as a per-
centage of the total leukocyte count.® ** * In most
of these studies, only a limited number of microscopic

fields was scanned. The distribution of the cells in
NS, as well as the density of the secretions, is not

always regular and cannot be satisfactorily standard-

ized. Therefore, the counting techniques ofthe cells
in NS should only be regarded a semiquantitative

method.
With respect to this disadvantage, we always

scanned the whole slide, at least 25 fields, recorded

all cells, and calculated their mean values per micro-

scopic field. The counting of absolute numbersofall
cell types was used by us as the basic assessment of

cytograms, while the leukocyte differential count was

used as an additional control only. In this laborious

manner, we tried to minimize the technical disadvan-

tage. The differential count of leukocytes is more suit-

 

able for blood smears, being homogenous material,”
than for the nasal smears,

The basic results were obtained from specimens

stained by May-Griinwald-Giemsa, whereas staining

according to the method of Hansel! '* and toluidine

blue staining were an additional contro! only.
In moststudies of the cells in NS, the appearance

of eosinophils and/or basophils/mast cells was in-

vestigated. The high numberof eosinophils in a single

sample of NS was interpreted as an indicator for nasal

allergy, whereas their low number or absence to the

contrary," 7”°°™ The results of our previous study,
as well as of this study, demonstrated that in most

subjects the number of eosinophils before allergen

challenge was low (in 76% of positive INRs and 79%

of negative INRs) without any differences betweea

the positive and the negative INR group. Therefore,

only a single count of eosinophils in NS does not

appear to us to be a suitable test. Although involve-

ment of the eosinophil in the IH mechanism andits
various steps are manifold, its role is not yet fully

clarified in all detail> 7: 2% 4445
Ourfindings of a high eosinophil count in 21% of

the negative INRs may be similar to other investi-
gators’ studies of nasal eosinophilia in patients with

nonallergic rhinitis.* 7’ Our results of a total absence

of eosinophils in 15% of the positive INRs would be
similar to Connell’s* observation.
The most important result of the present study was

the recording of significant changes in the eosinophil

count between before andafter allergen challenge in

67% of the positive INRs and in only 11% of the
negative INRs. This finding suggests that only the

changes in the cosinophil count related to a certain

allergen can be accepted as a supplementary parameter

for the possible involvement of IH in the INR. This

conclusion might be supported by Mygind’s” similar
findings.

An important question concerns the mode of in-

volvement of eosinophils in INR. Is the eosinophil

part of the IH mechanism, a consequence, oris its

involvement a combination of both? Our results of
increased numberof eosinophils in the NS within 30

minutes after allergen challenge in 54% ofthe positive
INRs, but in only 11% of the negative INRs, might

indicate that eosinophils were attracted to the nasal

mucosa and, subsequently, into the NS during thelater

stage of the IH mechanism. The topical eosinophil

accumulation might therefore be interpreted as a con-

sequence of the positive allergic reaction of the im-

mediate type.* ° Otherwise, the decreased numberof

eosinophils after allergen challenge in 13% of the

positive INRs mightbe interpreted as a direct involve-

ment of eosinophils in the early stages of the allergic
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reaction, probably as its integrated part.*’* Finally,

67% of the positive INRs were accompanied by

changes in the eosinophil count, characterized by

“increase-decrease” and “decrease-increase,” which

can be considered a “dual involvement” of the eosin-
ophil in the allergic reaction. In this way, to us, the

most probable way, the eosinophil can be regarded as

an integrated part of some ofthe early steps and also
a consequence or a target cell of another, mostly later,

steps of the [H mechanism.“ *
The pivotal role of basophils and mast cells in the

classically understood IH mechanism has been con-

firmed frequently in the literature.*?“*
The results concerning the appearance of mastcells

and/or basophils in the NS vary highly. Some inves-

tigators, finding an increased number of mastcells in

the NS, interpreted this as an indicator for the nasal

allergy.®: '* ''9 21.25.26 Other investigators found no
significant number of mastcells in the NS of patients

with allergic rhinitis at all.*

Other authors described only basophils in the

NS.**-* Still other investigators concluded that mast
cells migrate into the epithelium and therefore occur

predominantly in the nasal mucosa, whereas basophils

migrate through the epithelium into the NS.*? °°

We were unable to find any study in the available

literature of the appearance of basophils and mast

cells, their relationship, differentiation, and kinetics
in NS during the INR. With respect to some anatomic
and functional differences between the mast cells and

basophils,* *:** ” their exact differentiation, espe-
cially in the NS, is not easy and needs complicated
immunoenzymatic methods.** With the high-power

magnification (12 x 100) with oil immersion, we

were convinced to identify basophils and also mast

cells in the NS, according to the criteria described by

Schleimeret al.** and Jalowayskiet al.*? However,

from a practical point of view, both these cell kinds

are described together as basophils/mast cells. Our

finding of basophils in the NS, which are contrary to
the conclusions of other authors,'* '” '* 7 could be
explained by increased vascular permeability and mi-

crodamage of the mucosal capillaries in the nasal mu-

cosa during the allergic reaction and a possible mi-

gration of somecells from the capillarics. This sug-

gestion may be supported by some investigators’

findings of the so-called fenestrated type of blood

capillaries in the nasal mucosa.”*!

The migration of mastcells from the nasal mucosa

into the NS can probably be explained by functional
and anatomic changes in the nasal mucosa during the

INR, for example, microdamage of epithelium, ap-
pearance of edema,etc.,”” leading to a temporary de-
crease in the compactnessandintegrity of the epithe-
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lial layer and also partly of the whole mucosal mem-
brane, allowing the migration of mast cells. Our

findings of mast cells in the NS is in agreement with

similar results of Mygind and Thomsen.*

Our results, demonstrating the presence of baso-

phils and/or mast cells in only 16% of positive and

11% of negative INRs, would not support the signif-

icance of their appearance in NS as a diagnostic pa-

rameter for nasal allergy and are in agreement with

conclusions of Sasaki et al.,"’ Connell,”® Shioda
etal.,”’ Bryan and Bryan,” and Okuda and Ohtsuka.”

The articles dealing with the appearance of neutro-

phils in NS are not numerous.’ * "3-795? The neutro-

phils in NS are usually assumed to be related pre-
dominantly to a possible infectious agent.': '° *? De-

spite the fact that various studies concerning the role

of neutrophils in hypersensitivity mechanisms were
published,**'°**° there is a dearth of information con-
cerning their involvement in the nasal allergy and in

the INR.
Our results demonstrate the presence of neutrophils

in NS in 91% of the positive, in only 66% of the

negative INRs, and significant changes in their count

during 40% of the positive INRs, and only during
4% of the negative INRs. These findings may suggest

a dynamic involvement of neutrophils in the INR.

This assumption is in agreement with some investi-

gators,**° whereas it partly disagrees with other
authors.*
The goblet cells producing mucous secre-

tions® '* '%?? are located unevenly in ‘the nasal epi-
thelium, There is a dearth of knowledgeoftheir exact
function and biochemical feature in the nose.* Bryan

and Bryan’? observed a marked increase in their count

in the NS ofpatients with nasal allergy, whereas Mur-

ray and Anderson’® did not. Our results demonstrated
appearance of goblet cells in the NS in 87% ofthe

positive and in only 34% of the negative INRs. In

mostofthe positive INRs, their count increased after
the allergen challenge and then decreased parallel to

the resolving of the nasal response, but during the

negative INRs, their low count remained unchanged.

These results may indicate the involement of goblet

cells in the later stage of the INR and are in agreement

with the conclusion of Bryan and Bryan." Their mi-

gtation into the NS might probably be explained by

decrease of epithelial compactness during the INR

caused by topical edema.
The epithelial cells were found in NS in 68% of

the positive and in 63% of the negative INRs, however

without any significant changes in their count.

The lymphocytes, plasma cells, and monocytes ap-

peared in the NS sporadically and without any sig-
nificance for the positive as well as the negative INRs.

‘NUMBER 6

These results are in agreement with findings of My-
gind and Thomsen.®

In conclusion, the NS should be examined with 10-

minute intervals until 30 minutes after the allergen

challenge in the individual patient to detect the sig-

nificant changes in the count of eosinophils and neu-
trophils, in particular.
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Cytologic changesin the nasal secretions

during thelate nasal response
 

Z. Pelikan, MD, and M. Pelikan-Filipek, MD Breda, The Netherlands

One hundred sixty-four patients with allergic rhinitis (104 patients with positive late nasal

responses (LNRs) and 60 patients with negative nasal responses to allergen chailenge),

correlating with history and skin tests, were randomlyselectedfor this study. Nasal challenges

were repeated and supplemented bycytologic examination of the nasal secretions (NSs). The

cytologic examination ofNS was also performed during 164 control challenges with phosphate-

buffered saline. The positive LNR was accompanied by significant changes in the count of

neutrophils in 84% ofthe cases (increase immediately before and decrease during appearance

of LNR, with increase again during resolving of late nasal response), ofeosinophils in 58%

(increase immediately before and decrease during appearance of LNR), of epithelial cells in

73% (increase followed by decrease, running parallel with LNR), of goblet cells in 63%

(increase followed by decrease), of basophils in 8%, and of lymphocytes in 6% (both of these

cells demonstrated a slight increase during LNR) in the NS. No significant changes in the count

of other types of cells in the NS during most of the LNR cases were recorded, Most cases of

negative response were not accompanied by significant changes in the count of individual cell

types. No significant changes in the count of any cell type in the NS were recorded in any

patient during the phosphate-buffered saline-—contral challenges. The cytologic examination of

NS, accompanying the nasal challenge with allergen, appears therefore to be a valuable

supplementary diagnostic parameter for the LNR and a promising model for further

immunologic and clinical studies of the LNR. (J ALLERGY CLIN IMMUNOL 1989;83:1068-79.}

Patients with nasal allergy may develop different

types of nasal response to the challenge with allergen,

including the LNR. The LNR has been studied and

described extensively by the authors of this article'+
and is becoming recognized as an important clinical

phenomenon in patients with allergic rhinitis.*7 This

response can regularly play an importantrole in pa-

tients with chronic allergic rhinitis and may be re-

sponsible for failure of current treatment in some of
these patients.

There are little data available to illustrate the ap-

pearance ofparticular kinds of cells and the changes

in their count in NSs during the LNR,

The purpose ofthis study was (1) to investigate the
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Abbreviations used

NPT: Nasal provocation test

NS: Nasal secretion

LNR: Late nasal response

NNR: Negative late nasal response (no nasal

response)

MGG: May-Griinwald-Giemsa

HS: Hansels's stain

TB: Toluidine blue staining

PBS: Phosphate-buffered saline

LSR: Late skin response

NPG: Nasopharynx-nostril pressure gradient   
appearance of individual types of cells in NS and the

changes in their count during the LNR and (2) to

determine the significance of individualkinds ofcells

in the NS and differences noted during LNR.

MATERIAL AND METHODS

Patients

Two hundred thirty-five patients with a history ofallergic

thinitis participated in this study. Inall patients, routine

diagnostic procedures, including skin tests, short-term
NDTx and lanactarm NDT: with varinne iahalant allecsccue 
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TABLE|. Frequency of the LSR andits

relationship to the LNR for the sameallergen
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TABLE Il. Review of the allergens used for

skin tests and nasal challenges
 

 

LSR

LNR Positive Negative

Positive 111 (76%) 36 (24%)

(n = 147)

Negative 53 (31%) 118 (69%)

(n = 171)
 

Positive LSR: induration >7.5 mm in diameter appearing 6 to 10
hours after injection.

with rhinomanometry were performed. All patients dem-

onstrated (1) nasal symptoms, including obstruction, hy-

persecretion, sneezing, and itching, (2) positive history to

one or more allergen, (3) positive immediate skin response

to one or more allergens, (4) positive nasal response of the

immediate type to one or more allergens during the short-

term NPT, and (5) nonincreased nasal responsiveness to

histamine.

In addition, 318 long-term nasal challenges were per-

formed. Allergens for the long-term NPT were chosen ac-

cording to the following criteria: (1) history suspected from

a late onset of the nasal complaints (in some patients, nasal

complaints already appeared after the short-term challenge)

and/or positive LSR and (2) negative history and negative

skin response of any type. An allergen presumed to be

negative was randomly selected (e.g. , mites, animal danders

in patients with seasonal rhinitis, or one of the pollens in
patients with perennial rhinitis).

The 235 patients developed a total of 147 positive

LNRs and 171 NNRs (Table 1). The 104 positive LNRs
(p < 0.05), correlating with positive history and positive

LSRs, and 60 NNRs (p > 0.25), correlating with negative

history and negative LSRs, recorded in 164 patients from

whom a sufficient quantity of NS could be obtained, were

randomly selected for this study. Tests were repeated 3 to

5 days later and supplemented by collection of NSs, In each

of the 164 patients, a control challenge with PBS was also

performed and supplemented by histologic examination of

the NSs,

While patients were undergoing tests, they were hospi-

talized under standard conditions and were free from nasal
infections and suffered from minimal nasal complaints only.

None of the patients had received previous immunotherapy

or corticosteroids. No disodium cromoglycate was used by

the patients for at least 8 weeks before this study. No anti-

histamines or topical decongestants were taken by the pa-

tients during a 48-hour period before this study.

Control group

In a group of 15 healthy volunteers without any rhinitis

complaints, NS samples were collected before and seven

times after the challenge with PBS (every 2 hours from

 

Concentration

(per 1 ml of PBS)

Scratch and
Nasal intracutaneous

challenge tests

House dust 5.0 mg 0.5 mg

Animal danders (each) 2.5 mg 0.25 mg

Mold mixture 2.0 mg 0.2 mg

Aspergillus fumigatus 2.0 mg 0.2 mg

Mites (D. pteronyssinus) 100 NU 10 NU

Grass-, spring-, weed- 10.000 NU 1.000 NU

pollen mixture (each)
 

NU, Noon unit; PNU, protein nitrogen unit.
Allergens: dry weight of dialyzed and lyophilized allergen extracts

in milligrams; 1 NU equals 0.001 mg ofdry pollen (powder) equals
0.5 PNU.

8 am until 8 pM) andhistologically examined by the same
procedure as described below.

Allergens

Allergens (Diephuis Laboratory, Groningen, The Neth-

erlands), in the form of dialyzed and lyophilized extracts,

were diluted in PBS (dry weight of allergens in milligrams

per | ml of PBS) and used for nasal challenges and skin

tests in the concentrations reviewed in TableIT.

Skin tests

Scratch tests were performed and evaluated after 20 min-_

utes. If tests were negative, intracutaneoustests were carried

out and evaluated after 20 minutes, 2, 4, 6, 8, 10, and 12

hours, and were then followed every 12 hours up to 96

hours, according to a standard routine schedule. The ap-
pearance of wheal (or induration) of >7.5 mm in diameter

was interpreted to be a positive skin response. The positive
skin response appearing within 20 minutes after allergen

injection (wheal) was considered to be a positive immediate

skin response, whereas that appearing within 6 to 10 hours
(induration) was considered to be a positive LSR.

NPTs

NPTs were performed by means of the rhinomanometry

technique, as described previously.'-? The NPG values (ex-

pressed in cmH,O)recorded by this technique were consid-

ered to be basic parameters of the nasal obstruction (nasal

response). The NPT was performed according to the fol-

lowing schedule: (1) recording of the base values (initial

values) at 0, 5, and 10 minutes, (2) recording of the PBS

values (control values) at 0, 5, and 10 minutes after a 3-

minute application of PBS to the nasal mucosa of the non-

intubated nasal cavity by meansofa saturated wad of cotton
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wool on a nasal probe, (3) challenge ofallergen for 3 min-

utes in the same way and at the samesite as the PBS and

recording of the NPG values at 0, 5, 10, 20, 30, 45, 60,

90, and 120 minutes, and then every hour up to 12 hours.

The nasal response was considered positive when the mean

NPG valuesafter the allergen challenge increased by at least

2.0 emH,O (1.2 + 0.3, mean + SE) with respect to the

PBSvalues, recorded during at least three consecutive time

interyals. The NPG changes within 60 minutes after the

allergen challenge were considered to be positive immediate

nasal response, whereas those appearing within 4 to 12 hours

were considered a positive LNR.

NSs

Three series of the NS specimens were collected from

the nonintubated nasal cavity by having the patient blow

onto a polyethylene sheet twice beforethe allergen challenge

(initial value at 10 minutes, and PBS value at 10 minutes)

and 15 times after the allergen challenge, The first series

of air-dried specimens was fixed additionally by polyeth-

ylene glycol and stained by Hansel’s method (modified by

the authors).""* The second air-dried series was stained by
the MGG method (modified by the authors).°.* The third

series was fixed by methanol and stained by the TB

method,"? After dehydration with methyl] alcohol, the spec-
imens were mounted in Canada balsam and scanned micro-

scopically with the technician blinded to the conditions. Two

counting techniques were used. (1) The counting of absolute

numbers of individual kinds of cells per microscopic field

was at 250 times magnification, and means per microscopic

field were always calculated from 25 fields spread overthe

whole slide. (2) The differential count of leukocytes was

expressed as a percentage of 100. The cells were counted
in 25 microscopic fields (250 times magnification) spread

over the whole slide. The differential count was used as a

control technique, Doubtful cells were reexamined under

oil immersion (magnification 1200 times). The results of

the MGG were considered by the authorsto be basic results,

whereas the Hansel’s method and TB staining were an ad-

ditional control.

The particular cell types were identified by the authors

according to the following morphologiccriteria:

1, Eosinophils: large cells (size 10 to 14 jm) with blue-

stained bilobed nucleus: in MGG,pink cytoplasm con-

taining large, bright yellowish-red (orange) granules; in

HS, red cytoplasm containing large deep-red granules

2. Neutrophils: large cells (size 10 to 12 zm) with blue-

stained segmented or stab nucleus; in MGG,pink cy-
toplasmcontaining slightly visible, fine, pinkish-purple-

lilac—stained granules; in HS, pale-pink cytoplasm con-

taining pink-purple, fine, slightly visible granules

3. Basophils: metachromatically stained cells (size 10 to

14 jum), round form, sometimes dissected surface, with

a large lobulated nucleus and numerous large granules

in cytoplasm; in MGG, bluenucleus, round blue to pink
cytoplasm, dark-bluish granules; in HS, blue nucleus,

light-blue cytoplasm, reddish-purple, large granules; in
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TB,dark-blue nucleus, light-blue cytoplasm, red-violet,
large granules

4. Mast cells: large cells (size 15 to 30 jum), oval or elon-

gated form, irregular shape, sometimes with pseudopod-

like structure, stained with metachromatic dyes to a

higher degree (more intensively) than basophils, blue

oval nucleus, usually located centrally, but often ob-

scured by numerous granules; in MGG, blue nucleus,

light-blue cytoplasm, numerous dark-blue cytoplasmatic

granules; in HS, blue nucleus, light-blue cytoplasm,

sometimesvisible only in a peripheral ring. sometimes
with vacuoles, and contains a large numberof dark-blue

granules (smaller size but darker stained than those in

basophils); in TB, dark-blue cytoplasm, violet-blue,

small-size granules in a large number

5. Epithelial cells; large cells (size varies from 8 to 40

Lm), may be of various forms, dependent on their orig-

inal location in the nose, may be cylindric (columnar)

orstellate (squamous), ciliated or nonciliated, stratified
or pscudostratitied, with or without microvilli, mostly

oval nucleus with nucleoli, finely granular chromatin

structure and homogenous cytoplasm, sometimes vac-

uolized; in MGG,dark-violet, irregularly stained nu-

cleus, light-violet cytoplasm; in HS, bluc nucleus, ir-

regularly stained, light-blue cytoplasm with vacuoles to

a varied degree

6. Goblet cells: elongated cells (size 20 to 25 tm), very

typical form, characterized by a narrow base and a wide

ciliated top; nucleus usually located in the basal part and

contains visible nucleoli, regularly bizarrely defleated

and bent; sometimesfilled in by mucinous droplets lo-

cated in the top part; in MGG,dark violet-blue nucleus,

light violet-blue cytoplasm; in HS, dark-bluish irregu-

larly stained nucleus with nucleoli, Hght-blue cyto-

plasm, sometimes with irregularly blue-stained muci-

nous droplets,

7. Plasma cells: large egg-shaped cells (size 8 to 18 zm)

narrower at one end; ovoid nucleus often located ex-
centrically with a purplish and coarse chromatin of a

wheel-spokes structure, without nucleoli, a perinuclear
halo usually visible; abundant cytoplasm regularly

contains a number of vacuoles present near the cell

border; ratio nucleus: cytoplasm approximately 1:2; in

MGG, round dark-blue nucleus with purplish, somewhat

coarser chromatin, light-blue cytoplasm with nonstained

vacuoles; HS methad does notstain plasmacells suffi-
ciently.

8. Monocytes: oval cells (sized 14 to 19 pm), irregular

surface, excentrically located nucleus, which is lobu-

lated, kidney bean— or horseshoe-shaped form, contains

fine lightly purple-pink—stained chromatin; abundantcy-

toplasm contains very fine (punctuate) azurophilic gran-

ules; ratio nucleus: cytoplasm approximately 2.5 to

3.0:1.0; in MGG, dark-red to pale-violct nucleus, some-

times deformed, marine-blue cytoplasm containing very
fine azurophilic granules; HS method does not stain

monocytes sufficiently.

9. Lymphocytes: size varies from small (7 to 9 jzm)to large

VOLUME 83
NUMBER 6

Nasal secretion cytology 1071

TABLEIll. Evaluation criteria of appearance of individualcell types in NS (average numberof

particular cell type per moderate powerfield (250 times magnification)
 

 

- * +x ++ +++ +++

Rosinophils 0-6 7-13 14-20 21-27 28-34 35-41 > 42

Neutrophils 0-7 8-15 16-23 24-31 32-39 40-47 > 48

Basophils and mastcells 0-1 2-3 6-7 8-9 10-11 > 12

Epithelial cells 0-4 5-9 10-14 15-19 20-24 25-29 > 30

Goblet cells 0-3 4-7 8-11 12-15 16-19 20-23 > 24

Plasmacells 0 1 3 4 5 >6

Monocytes 0 1 3 4 5 > 6

Lymphocytes 0-1 2-3 6-7 8-9 10-11 > 12
 

(8 to 16 wm); nucleus usually round shaped, located

excentrically, contains dark, coarse, and clumped chro-

matin; nucleoli usually absent, nuclear membrane usu-

ally sharply defined; cytoplasm varies in quantity from

only a rim around the nucleus to relative abundance,

perinuclear clear zone occasionally contains azurophilic

granules, especially in larger lymphocytes; ratio nucleus:

cytoplasm approximately 1.5 to 2,5:1.0; in MGG,blue-

violet, large nucleus, blue (robin’s egg blue) cytoplasm;

HSis not a suitable stain for lymphocytes.

In approximately 1% to 2% (one, sporadically two cells

per 100 cells), the cells could not be definitely identified

and established.
Thestatistically significant magnitude of changes in the

count of individual cel! types in NSsin patients with allergic

rhinitis between two consecutive degrees was as follows

(mean + SE): eosinophils, 7 (7.17 = 0.91); basophils and

mast cells, 2 (2.26 + 0.71); neutrophils, 8 (8.33 + 0.56);

lymphocytes, 2 (2.0 + 0,25); monocytes, 1 (1.26 +

0.21); plasma cells, 1 (1.27 + 0.21); epithelial cells, 5

(5,00 + 0,63); and goblet cells, 4 (4.15 + 0.65), The low-

est difference in the count of the individual cell type, which
wasfound to bestill statistically significant (significant mag-

nitude), is expressed in the figures as + (very slight).

The appearance of the individual cell type in NS was

evaluated in a summarized form in the figures as follows:

—, no appearance at all; +, very slight; +, slight; ++,
moderate; ++, distinct; + + +, large; and +++, very
large appearance. The evaluation criteria used for appear-

ance of particular cell types in NS are described in detail
in Table IL.

Control test with PBS

This test was performed in eachofthe patients studied,
in the same way, by the same schedule, and with the same

processing of NS samples as that used during the experi-

mental allergen challenge.

Statistical analysis

The nasal response to allergen challenge wasstatistically

evaluated by Wilcoxon matched-paired signed-rank test,

comparing the NPG values recordedafter the allergen chal-

lenge with the mean NPG value of PBS. A p value of <0.05

was considered to be statistically significant.

The positive LNRs and NNRs were compared and sta-

tistically evaluated by means of the Mann-Whitney Utest

(p < 0.05 was consideredto be statistically significant).

The changes in the count of individual cell types were

statistically analyzed by Wilcoxon paired test. A p valuc

<().05 was considered to be statistically significant. Each

ofthe cell types recorded during the individual NPT,positive

LNR, NNR, or control PBS test was analyzed separately.
The numbers of cells recorded after allergen challenge on

each occasion were compared with numbers recorded after

PBS.
If significant differences in the cell count were found at

least three timesafter allergen challenge compared with the

cell count after PBS, it was concluded that this cell type

demonstrated significant changes in its count during that

nasal response.

RESULTS

The 104 positive LNRs (p < 0.05), 60 NNRs

(p > 0.25), and 104 control PBS tests were subject

to this study. The difference betweenthe positive LNR

and NNR, evaluated by the Mann-Whitney U test,

wasstatistically highly significant (p < 0.0001) at all

timeintervals.

The 164 PBS control tests did not demonstrate any

significant changes of NPG (p > 0.05).

Positive LNR (n = 104)

The changes in the count ofthe particular types of

cells in NS and their course during the positive LNR

are reviewed in Figs. 1A and 1B.

Nosignificant changes in the count of any type of

cells were found between initial and PBS values

(p > 0.05).
Neutrophils. Neutrophils were present in NS in 96%

of positive LNRs. Before the allergen challenge, their

count was low (up to +) in 89%and high (up to

+++) in 7% of the LNR cases. The significant

changesin their count were recorded during 84% of
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FIG. 1A. The mean NPG values recordedafter the allergen challenge with respect to the control
NPG values (PBS), calculated from 104 positive LNRs. The mean changes in the count of the
individual cell types in the NSs calculated from 104 positive LNA;/ initial value; PBS, control
challenge; ALL, allergen challenge; positive LNR (@——@); neutrophils (0 - - - - ©); eosinophils
(C)---- (1); basophils (A ---- A); mast cells (4. —e — 4).

the LNR cases (p < 0.05). In most cases of positive

LNR (75%), the neutrophil count was low before, and

up to 5 to 6 hours after the allergen challenge, in-

creased rapidly immediately before the appearance of

the LNR (within | hour), decreased gradually during

the response, and increased again after resolving of

the response.

Eosinophils. Eosinophils were presentin NS in 61%

of the positive cases. The significant changes in their
count were recorded during 58% of the LNRs

(p < 0.05). In most cases of positive LNR (51%),

the eosinophil count increased immediately before the

appearance of the LNR (within | hour), then decreased

so rapidly, that at the time ofthe peak of the response,

the cosinophils had disappeared from the NS. The

absence of eosinophils in the NS lasted for more than
24 hours after the positive LNR.

Basophils. Basophils were found in NS in 15% of

positive LNRs. In 8% of the LNR cases, their count

changedsignificantly (p < 0.05). It was low before

the allergen challenge and increased slightly during
the response.

Mast cells, Most cells appeared in NS in 3% of the

LNR cases. Their count was low and without signif-
icant changes (p > 0.1).

Epithelial cells. Epithelial cells were present in

100% of the positive LNRs. Significant changes in

cases (p < 0.05). In most cases their count was low

before the allergen challenge, increased during ap-

pearance of LNR, and decreased during resolving of

the response,

Goblet cells. Goblet cells were found in NS in 82%

of the LNRs. Their count changedsignificantly during

63% of the LNRs (p < 0.05). In most cases their

count increased gradually during the LNR, reached

its maximum during resolving of the LNR, and then

decreased within L2 hours after resolving of the LNR.

Lymphocytes. Lymphocytes appearedin NS in 18%

of the LNRs. Their countincreased significantly dur-

ing the LNR in 6% of the cases (p < 0.05).

Plasma cells. Plasma cells were present in NS in

4% of the LNR cases, however, without any signifi-

cant changes in their count (p > 0.1).

Monocytes. Monocytes appeared in NS during LNR

sporadically and irregularly.

NNR (n = 60)

The course of changes in the count of individual

cell types in NS during the NNRis presented in Figs.

2A and 2B.

Nosignificant changes in the count of any type of

cells were found between initial and PBS values
(p > 0.1).

Neutrophils. Neutrophils were present in NS in 17%

VOLUME 83

NUMBER 6

ace
cm

e 20:

 

 

Nasal secretion cytology 1073

—* + +++ Count of
‘ the cells

\ bobs

++

  
 

1 past aut
minutes
before allergen challengehours after allergen challenge

 

FIG. 1B. The mean NPGvalues recordedafter the allergen challenge with respect to the control

NPG values (PBS), calculated from 104 positive LNRs. The mean changesin the count of the
individual cell types in the NSs calculated from 104 positive LNRs; / initial value; PBS, control

challenge; ALL, allergen challenge; positive LNR (@——@); epithelial cells (O-.---O)}; goblet
cells (X ---- X); lymphocytes (()----[); plasma cells (* - --- *); monocytes (*-—e- *),

was low in most cases (15%). Significant changes in

their count, a slight increase between 6 to 8 hours

after the challenge, followed by decrease, were re-

corded in only 3% of the NNR cases (p < 0.05).

Eosinophils. Eosinophils were found in NS in

19% of the NNRs. Significant changes in their count
(p < 0.05), a slight increase between 6 to 8 hours

after the challenge, and then stability up to 12 hours

were recorded in 5% of the NNRs.

Basophils. Basophils appeared in NS in 9% of the

negative cases. Their count did not reveal any signif-
icant changes (p > 0.1).

Mastcells. Mast cells were present in NS in 2% of

these cases. Their count was low and without any

significant changes (p = 0.25).

Epithelial cells. Epithelial cells were present in NS

in 23% of the NNRs. Significant changesin their count

(p < 0.05), a slight increase between 7 to 9 hours

after the challenge, were recorded in 3% of these

cases.
Goblet cells. Goblet cells appeared in NS in 13%

of the NNRs. Their count changed significantly

(p < 0.05) in 3% of the NNRs, characterized by a

slight increase, followed by decrease between 6 to 9

hours after the challenge.

Monocytes. Monocytes were present in NS in 3%

of this response. Significant changes in their count, a

lenge, were observed in 2% of the cases (p < 0.05).

Plasma cells. Plasma cells were found in NS in 2%

of the NNRs without any significant changes in their

count (p > 0.1).

Monocytes. Monocytes were completely absent

from the NS in NNRs.

PBS control challenge (n = 164)

The changes in the countofthe individualcell types

and their course during the PBS challenge, performed

in all patients studied, are illustrated in Figs. 3A and

3B. The individual types of cells appeared in NS be-

fore the PBS challenge sporadically or to a very low

degree (+).

Nosignificant changes in the count of any of the

particular types of cells were recorded after the PBS

challenge up to 12 hours. Thestatistical significance

for the particular cell types was found as follows:

neutrophils, p > 0.01; cosinophils, p > 0.05; baso-

phils, p > 0.1; mast cells, p = 0.1; epithelial cells,
p > 0.05; goblet cells, p > 0.1; lymphocytes, p >

0.1; plasma cells, p > 0.1; and monocytes, calcula-

tion of p value was impossible.

Control! group of healthy subjects

The count of individual kinds of cells in NS of the

control subjects (n = 15) before PBS challenge
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FIG. 2A. The mean NPG values recorded after the allergen challenge with respect to the control

NPG values (PBS), calculated from 60 negative LNRs. The mean changesin the count of the
individual cell types in the NSs calculated from 60 LNRs;/ Initial values; PBS, contro! challenge;

ALL, allergen challenge; negative LNR (@—@); neutrophils (©O----©); eosinophils
(C]---+[); basophils (A ---- A); mast cells (4. -e- A).
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FIG. 2B. The mean NPG values recorded after the allergen challenge with respect to the control
NPG values (PBS), calculated from 60 negative LNRs. The mean changesin the count of the

individual cell types in the NSs calculated from 60 negative LNRs; /, initial value; PBS, control

challenge; AZZ, allergen challenge; negative LVR (@——@); epithelial cells (-.--<); goblet
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FIG. 3A. The mean NPG values recorded after PBS control challenge with respect to the initial
NPG values, calculated from all 164 control challenges. The mean changes in the count of

individualcell types in the NSs werecalculated fram 164 PBS control challenges./, initial value;
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FIG. 3B. The mean NPG values recorded after PBS control challenge with respect to the initial
NPG values, calculated from all 164 control challenges. The mean changesin the count of

individual cell types in the NSs werecalculated from 164 PBS control challenges;/, initial value;
PBS, control challenge; PBS control challenge (@—-@); epithelial cells (----<}; goblet cells
(X----X); lymphocytes (f5---- 44); plasma cells (* -- - - *); monocytes {* —e- *),
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TABLEIV. Survey of the count (mean

value + SE) of individual cell types in NS in

control subjects before PBS challenge
 

Eosinophils 4 (3.92 + 0.40)

Basophils and mast cells 0 (0.48 + 0.12)

Neutrophils 5 (5.05 + 0.63)

Epithelial cells § (5.10 + 0.79)

Goblet cells 1 (1.18 + 0,31)

Lymphocytes 1 (1.20 + 0.24)

Plasmacells 0 (0.38 + 0.14)

Monocytes 0 (0.31 + 0.25)
 

The count of individual types ofcells in NS of the

control subjects did not demonstrate any significant

differences between the baseline and any ofthe time

intervals after PBS challenge (0.2 > p > 0.1).

DISCUSSION

The allergic reaction in the nasal mucosais a dy-

namic process in which variouscell types are involved

at different times.'*!° This reaction is associated with

migration of some kinds of cells in the nasal mucosa
and into the NS.*? The involvement of individual
cell types can only be characterized by comparison of

the changes intheir countbefore and, repeatedly, after

the challenge with a particular allergen.

The LNR has been extensively described in our

previous articles,’* and results were later confirmed
by other researchers.*’ However, there is a dearth of

knowledge concerning the appearance of specific cell
types in NS during the LNR and their importance.

The LNRshould be regarded a clinical phenomenon

defined by appearance of the nasal obstruction, ac-

companied by other symptoms and changes within 4

to 12 hours after exposure to allergen, which could

be induced by a complex mechanism. The pathogenic

and immunologic mechanisms leading to the LNR

have not yet been satisfactorily clarified. However,

the late type of hypersensitivity should be regarded

as one of the possible mechanisms involved in

the clinical LNR, but far from being the only

mechanism.'* *

There have been few studies dealing with the ap-

pearance of neutrophils in the nasal mucosa and in
the NS,'**°?° The neutrophils in the NS are usually
related to a possible infection.’* Despite the publi-
cation of various articles dealing with the possible

role of neutrophils in the hypersensitivity mecha-

nism,'* *°*5 there is a dearth of information concerning
their involvementin the nasal allergy, and especially

their possible role in LNR. Neutrophils, besidesplate-

lets, may play a pivotal role in the case of the late

hypersensitivity.*°7* °°?
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The results of this study demonstrated changes in

the count of neutrophils during most cases of positive

LNRs. However, this neutrophil count pattern differs

from that recorded by the authors in the NS during

the immediate nasal response.**""

The neutrophils appearing in the NS before the on-

set of the LNR were intact, whereas neutrophils ap-

pearing in the NS after resolving of the LNR dem-

onstrated changed granule (degranulation), which

could be similar to the observation by Henson et al.**
These changes, being the subject of our further study,

are suggestive for an active role and dynamic involve-

ment of neutrophils in the LNR.

The rapid increase in the neutrophil count in NS

within 1 hour before the onset of the LNR mayprob-

ably be due to their attraction to, and accumulation”

at, the site of the reaction, which is the nasal mucosa,

followed by their migration into the NS to a higher

degree. The neutrophils then release their factors and

mediators participating in the onset and development

of the LNR. At the same moment, the neutrophils

become immobilized, they gather in the nasal mucosa

tissue and do not migrate further into the NS. During

the resolving of the LNR, the accumulated neutro-

phils, which had already released their factors, were

expelled into the NS, and in this way their count in

the NS increased and reached its prechallenge level

within 24 hours. This hypothesis may be supported

by other investigators’ findings” of a significant in-

crease in neutrophil chemotactic activity in the serum

of patients developing a late asthmatic response.

Another interesting finding in this study was the

changes in the eosinophil count related to the LNR.

In most cases of positive LNR, the eosinophil count

in the NS increased within 1 hour before the onset of

the LNR, then decreased so rapidly that at the time

of the peak of the LNR, they had disappeared from

the NS and did not return until 24 hours after resolving

of the LNR. These results may suggest a dynamic

involvement of eosinophils in the LNR. The involve-

ment of eosinophil in the late-phase reaction mecha-

nism(s) is presumed; however, its role has not yet been

clarified in all detail.“
The increased appearance of the eosinophilsin the

NS, immediately before appearance of the LNR, may

be caused by their attraction to, and increased accu-

mulation in, the nasal mucosa,”

The eosinophil is the source of a number of very

potent constituents and products associated with mem-

brane, cytoplasma, or granules.*! ** ** “+9

At the peak of the eosinophil and neutrophil ac-

cumulation in the nasal mucosa, they become acti-

vated and release their factors contributing to the de-

velopment of the LNR. At the same time, the eosin-

ophils also gather in the nasal mucosa and do not
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migrate into the NS. During the resolving of the LNR,

the eosinophils are retained in the tissue and may

participate in the later stages of the hypersensitivity

mechanism, for example, inactivating of some me-

diators.*° *' ** Such involvement could also explain

their absence from the NS during a period of more

than 24 hours after the LNR.

Our results demonstrating increased migration of

neutrophils and eosinophils into the NS, preceding

the appearance of LNR,are supported by findings of

other investigators of an increased neutrophil and eo-

sinophil infiltration before and during the late-phase

allergic reaction.**
The important role of basophils and mastcells in

the classic immediate hypersensitivity mechanism has

repeatedly been stressed in theliterature.*! “*“* The
basophils and mast cells with IgE and IgG receptors

on their membrane and with membrane-bound IgE

antibodies can generate and release various potent

constituents associated with their granules, cytoplasm,

or membrane, the so-called primary and secondary

mediators, having manifold effects on various effector

organs, cells, and steps of the hypersensitivity mech-
anism.*"' AO, 41, 44, 45, 47, 48

The views onthe possible involvementof basophils

and/or mast cells in the late hypersensitivity mech-

anism, as well as the late nasal and bronchial response,

vary greatly. Some investigators presume that mast

cells and/or basophils may play the main role in these

responses,*” “7 whereas other investigators do not.**
Wehave identified both the basophils and the mast

cells in NS during the LNR by means of naphthol

AS-D chloracetate esterase method.°
The presence of basophils and mast cells in the NS

before and during the LNR, recorded by the authors

in a very low number of cases, did not allow for a
clear interpretation. In contrast, it can be concluded

that the count of basophils and mast cells in the NS

is not a suitable indicator for the LNR.

Another interesting result of this study concernsthe
epithelial cells and goblet cells. The epithelial cells

appeared in 100% of the positive LNRs and in only

23% of the NNRs. In most ofthe positive LNRs, the

count of epithelial cells demonstrated significant

changes running parallel to the course of the LNR.

This finding may suggest that the appearance of the

epithelial cells should be regarded as a consequence

of the LNR, during which reversible changes of the

nasal mucosa, for example, edema of the mucosa di-

minishing the compactnessof the epithelial layer, lead

to the expulsion of epithelial cells into the NS."”
The goblet cells, being monocellular secretory ele-

ments producing mucoussecretions,"” may probably
also be influenced by some mediators released during

the hypersensitivity mechanism, although the goblet
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cells themselves’ do not participate in this mecha-

nism.'*: '° Their appearance and the changesin their
count in NS during the LNR may probably be ex-

plained in the same way as appearance and changes

of the epithelial cells.

The appearance of lymphocytes in the NS in 18%

of the positive LNRs and in only 3% of the NNRs,

demonstrating slight increase in their count between

9 to 12 hours after the challenge, could also be re-

garded as an interesting finding. The lymphocytes are

not presumed to be directly involved in the LNR.”’

In contrast, this finding could be indicative for a large

dilatation of the mucosal capillary network during the

LNR,leading to reversible damage of the capillary
wall (opening of the fenestrae, breaking of the inter-

cellular junction between endothelial cells, etc.)!**!

and then allowing the lymphocytes to migrate from

the capillary stream into the tissue and then into the

NS.

The incidental appearance of plasma cells and

monocytes in the NS during the LNR did not allow

the authors to draw any conclusion.
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Nasal Response to Food Ingestion Challenge
Zdenek Pelikan, MD

@ A routine diagnostic procedure, the

food-focused history, intracutaneous
tests with food extracts, and ingestion

challenge with selected foods in combi-

nation with rhinomanometry were per-

formed in 142 patients suffering from
perennialallergic rhinitis. Forty-one of the

47 patients with a “positive food allergy

history'’ developed 65 (90%) positive
nasal responses during 72 food ingestion

challenges. Of the 95 patients with an

“unknown food allergy history,'’ 54 devel-

oped 68 (50%) positive nasal responses

during 132 food Ingestion challenges. The
following responses were recorded: 29

isolated Immediate (within three hours),
38 isolated late (six to 24 hours), 42 dual

late (immediate + late), 11 isolated de-

layed (28 to 52 hours), and 13 dual

delayed (immediate + delayed). It can be

concluded that the involvement of foods

In allergic rhinitis is more frequent than is

usually expected. The definite confirma-
tion of the role of a certain food in these

patients should be provided by the food

Ingestion challenge demonstrating one of

the clinical types of nasal response. The

mechanisms underlying the nasal re-
sponse to foods are notyetfully clarified,

The involvement of different types of

hypersensitivity in the individual types of

nasal response cannot be excluded.

{Arch Otolaryngol Head Neck Surg

1988; 114:525-530)

llergic rhinitis has classically been

attributed to the immediate
hypersensitivity mechanism (type 1
allergy) caused by inhalant allergens.
The possible role of food allergy in
patients with nasal complaintsis still
underestimated, The involvement of
foods in patients with allergie disor-
ders is complex and has various
forms, of which the hypersensitivity

mechanism is only one.
The participation of foods in

patients with allergic rhinitis and the
involvement of the hypersensitivity
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mechanism as one of the possible

mechanisms has already been dis-
cussed in the literature.’” We were
unable to find any investigation of the
nasal response and its types due to
food ingestion in a sufficiently large

number of patients. The purpose of

this study was to investigate the pos-
sible role of foods in patients with
allergic rhinitis and its frequency, as
well as the types of nasal response to
food ingestion, their clinical features,

and correlation with other in vivo and
in vitro diagnostic results.

PATIENTS, MATERIALS, AND
METHODS

We studied 142 patients, aged 16 to 65

years, suffering from a perennial allergic

rhinitis (nasal obstruction accompanied by
hyperseeretion, sneezing, and itching) for

longer than five years. A routine diagnos-
tie procedure, including nasal challenges

with inhalant allergens, food-focused his-

tory, intracutaneous tests with standard

series of food extracts, and ingestion chal-
lenge with selected foods in combination
with rhinomanometry were performed in

these patients.
None of the patients had a history of

anaphylaxis from food. None had received

previous immunotherapy, and none had

used cromolyn sodium (disodium cromo-

glycate), oral corticosteroids, or long-act-

ing antihistamines. Treatment with short-
acting antihistamines and topical decon-

gestants was stopped at least 48 hours
before the food challenge. The food se-

lected for ingestion challenge and related
foods were avoided for at least seven days

before the challenge.
The patients were divided into two

groups. The first group consisted of 47

patients with highly suggestive food histo-
ries related to their nasal complaints.

Eleven of these patients gave a history
suggestive of only food hypersensitivities.

The histories of the remaining 36 patients

were also suggestive of inhalant allergens.

The second group consisted of 95 patients
with unknown food history with respect to
their nasal complaints, but with positive

intracutaneous tests for one or more
foods.

Skin Tests

Dialyzed and lyophilized food extracts,

diluted in phosphate-buffered saline (dry

Arch Otolaryngol Head Neck Surg—Vol 114, May 1988

weight of food extract in milligrams per 1

mL of phosphate-buffered saline) (Phar-
macy “Diephuis”), were used in the follow-

ing concentrations: cheese and eggs, each

in 1 mg/mL;nuts, chocolate, cocoa powder,

Dutch sweets, nonalcoholic beverages,

beers, and wines, each in 0.5 mg/mL; meat,
spices, and beans, each in 0.2 mg/mL; all

other foods, each in 0.1 mg/mL. The
extracts were standardized according to

the European standard quality criteria

(histamine-releasing tests, radioallergo-
sorbent test [RAST], crossed immunoelee-

trophoresis, crossed radioimmunoelectro-
phoresis, and skin titration).

Scratch tests were performed. If they

were negative, then intracutaneous tests
were carried out and evaluated after 20

minutes, 4, 8, 12, 24, 36, 48, 60, 72, 84, and 96

hours. The positive skin response, appear-

ing within 20 minutes, was considered to be
an immediate skin response, that appear-

ing between six and 24 hours was consid-
ered to be a late skin response, and that

appearing after 48 hours was considered to

be a delayed skin response.

Rhinomanometry

A modification of the posterior tech-
nique, described previously by us in

detail,""*'* was used for the assessment of
the nasal mucosa response. The nasal

resistance parameters (nasopharynx-nos-
tril-pressure gradient values [NPG]) were

recorded, The nasal response was consid-
ered to be positive when the mean NPG

values after food ingestion challenge

increased by at least 2.7 + 0.6 cm H,O

(mean + 2 SDs) with respect to the “'ini-

tial” values, recorded at least at three

consecutive time intervals.

Food Ingestion Challenge

The open food ingestion challenge was
performed according to the following

schedule: (1) the parameters were recorded
at 0, 5, and 10 minutes, the so-called initial
or baseline values; (2) the food was

ingested within five minutes and then a

one-hour waiting interval always followed
to allow the food to be digested; during this

interval the nasal parameters were mea-

sured every 15 minutes to exclude an unex-
pected or early nasal response; (3) after the

one-hour waiting interval the actual post-

challenge nasal factors were recorded at 0,
10, 20, 30, 45, 60, 90, and 120 minutes and

then every hour up to the 11th hour and
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every second hour during the 24th- to

86th-hour intervals and the 47th- to 56th-
hourintervals.

The foods used for ingestion challenge

and their quantities, presented in Table 1,

were identical to those used by the
patients; this allowed us to obtain the

highest degree of reproducibility.

The Control Test

The control ingestion challenge with

either cooked rice, cooked potatoes, or glu-

eose solution, the choice of which depended

on the patient’s problem, was performed in
the same way as the experimental food
challenge in all patients.

Double-blind Food Challenge

In 26 randomly selected patients, besides

the open food challenge, a double-blind
ingestion challenge with the same food was

performed eight days later to compare

these techniques, The double-blind, place-
bo-matched, crossover technique was per-

formed according to the method described

in the literature."

Control Group

In 12 healthy subjects, 22 ingestion chal-

lenges with selected foods (cheese, choco-
late) were performed so there would be a

control for the method of ingestion chal-
lenge as well as for the technique of rhino-

manometry.

RAST

The specifie IgE antibodies to the foods

in the serum were determined quantita-
tively in the Central Laboratory of the
Dutch Red Cross Blood Transfusion Ser-

vice, Amsterdam.

Single Radial Immunodiffusion

(Mancini Technique)

The determination of IgG, IgM, and IgA

antibodies in the serum was performed by
means of standard plates (Kallestad Co,

and De Beer Immunological Supplies).

Blood Leukocyte and Eosinophil

Count and Eosinophils in the Nasal
Secretions

The blood leukocyte and eosinophil

counts were performed four times daily,

starting on the day before and continuing
up to day Zafter the challenge. At the same

time intervals, samples of the nasal secre-

tions were also taken and then stained by a

modified’? Hansel’s method.

Rhinoscopy, Nasal, and Other

Complaints

The appearance of the nasal mucosa,
nasal complaints, and other complaints

 

Table 1.—Quantities of the Food Used forIngestion Challenge *
 

 

consumed at one time of: cheese, chocolate,
vegeiables and fruits, nuts, meat, Dutch sweets, etc

Basic foods with a “fluid consistency,’ more than 60 mL
consumed at one time of: milk, yogurt, nonalcoholic
beverages

Foods, parts of foods or foodstuffs, with a well-defined
flavor, taste, or consistency, only addedto the basic
foods in very small quantities: spices, aromatic
vegetables (garlic, onion, etc), varia (casein, vinegar,
dressings, etc)

Soft alcoholic beverages: beer, wine, sherry, port, atc

___ Total Quantity

100 9 each

200 mL each

5 g each on brown
bread with butter or in
100 mL of water

100 mL.e@ach   

 

N
P
G
,
A
P
c
m
H,

0

* The frequency of the individual foods used for the ingestion challenge was as [ollows: (1) high frequency:
cheese, peanuts, milk, Dutch sweets, chocolate; (2) moderate (requency: sherry, shrimps, tomato, walnuts,
wine, beer, almonds, mustard, apple, egg, onion, hazelnuts; (3) low frequency: individual spices, fruits,
vegetables, meat, fish,

were recorded before and then every two
hours during the 0 to 12-, 24- to 36-, and 47-

to 56-hour periods after the food ingestion
challenge.

Statistical Analysis

The Student t test was used for the

statistical evaluation of the results. A P
value <.05 was considered to be statistical-
ly significant.

RESULTS

A total of 207 food ingestion chal-
lenges were performed in 142 patients.
In 47 patients with highly suggestive
food allergy histories, 72 ingestion

challenges were carried out; and in 95

patients with unknown food allergy
histories, 185 ingestion challenges
were carried out.
Three basic types of nasa] response

were recorded: (1) the immediate
nasal response (INR): onset within 70

minutes, maximum within 105
minutes, and resolving within 180

minutes; (2} the late nasal response
(LNR): onset within six hours, maxi-

mum within ten hours, and resolv-
ing within 24 hours; (3) the delayed
nasal response (DNR): onset within
24 to 28 hours, maximum within
82 to 36 hours, resolving within 48
to 52 hours after the food ingestion
challenge. Beside the three basic
types of nasal response, two other

modifications were also recorded,
the so-called dual late nasal response
(DLNR)—a combination of an INR
and an LNR—and the dual delayed
nasal response (DDNR)—a_ combi-

nation of an INR and a DNR (Figs

1 and 2).
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The Positive or Highly Suggestive

Food Allergy History Group

Of the 72 food ingestion challenges
performed in this group of 47 patients,
41 patients developed 65 (90%) signif-

icantly positive nasal responses
(P <.05): 16 (22%) isolated INR

(ILNR); 23 (82%) DLNR; 11 (15%)
isolated LNR (ILNR); ten (14%)
DDNR;and five (7%) isolated DNR
(IDNR). In the remaining six patients
seven (10%) negative nasal responses
(NNR) were recorded during the seven
food ingestion challenges (.05 <P
< 10).

The Unknown FoodAllergy

History Group

A total of 135 ingestion challenges
with food were performed in the 95
patients in this group. Fifty-four
patients developed 68 (50%) signifi-
eantly positive nasal responses

(01 <P <.05); 18 (10%) ILNR; 19
(14%) DLNR; 27 (20%) ILNR; three
(2%) DDNR;and six (4%) IDNR. In
the remaining 41 patients, 67 (50%)
NNRwere recorded during the 67 food
ingestion challenges (P > .1).

The Control Ingestion Challenges

No significant changes were re-
corded during the 142 control tests
(05 <P <1).

Reproducibility of the Food

Ingestion Challenge

None of the 18 patients with re-
peated food ingestion challenge (six
TINR, four TLNR, four IDNR, four
NNR)showed anystatistically signifi-
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Fig 1.—Mean nasopherynx-nostril-pressure gradient (NPG) values recordedafter food ingestion

challenge, with respect to appropriate '‘control'' NPG values, were calculated from all patients
developing same type of nasal response. Closedcircles indicate isolated immediate response
(n = 29); open circles, dual late response (n = 42); x's, isolated late response (n = 38).
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Fig 2.—Mean nasopharynx-nostril-pressure gradient (NPG) values recordedafter food ingestion
Challenge, with respect to appropriate “control” NPG values, were calculated from all patients
developing same type of nasal response. Closed circles indicate isolated delayed response
(n = 11); open circles, dual delayed response (n = 13); x’s, control ingestion challenge with
indifferent food (n = 142),

cant differences between thefirst and
the second challenge (P>.05). The

technique of food ingestion challenge In the 26
used therefore demonstrated a good
reproducibility.

Double-blind Food Challenge

randomly —selected
patients developing eight IINR, six
DLNR, two ILNR, four DDNR, two
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IDNR, and four NNR dueto the food
ingestion challenge by open schedule,

a food ingestion challenge by double-
blind schedule was performed eight

days later. One patient developed a

DLNR to the open challenge but an

ILNR to the double-blind challenge,

No. statistically significant differ-
ences were found between the nasal
responses recorded after the open and
double-blind challenges in any of the
remaining 25 patients (P > .05).

Control Group

None of the 12 control subjects
developed any significant nasal
response to the food ingestion chal-
lenge (P > .1).

Other Diagnostic Factors

The association of the individual
types of nasal mucosa response to
food ingestion challenge with other
diagnostic factors is reviewed in Table
2. In the positive food history group,
65 foods (90%), suspected from the
allergy symptom history, caused a
nasal response of some type. In the
unknownfood history group, 68 foods
(50% ) caused a nasal response of some
type. The overall correlation between
the allergy symptom history to foods
and the nasal response to oral chal-
lenge was not significant (P > .05),
A positive immediate skin response

was found in 47 INR cases (56%), a
positive late skin response in 32 cases
of LNR (40%), and a positive delayed
response in nine DNR cases (88%).
The overall correlation found between
the skin and the appropriate nasal
responsein any of the three types was
not significant (P > .05). In 18 cases
(24%) of negative nasal response, the
skin tests were positive.

Specific IgE antibodies in the serum
for the appropriate foods were posi-
tive in 17 INR cases (20%) and in two
LNReases (3% ). This correlation was
not significant (P > .1). The increased
serum concentration of IgG, IgM, and
IgA antibodies during the nasal
response showed nostatistically sig-
nificant correlation with any type of
nasal response (f> .05). However,
the increase of IgG (>18 g/L [>1800
meg/dL}) in 19 cases (24%) and of IgM
(>3.8 g/L [>380 mg/dL]) in eight
cases (10%) of LNR maybe aninter-

esting finding.
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Table 2.—The Association of the Various Types of Nasal Response to Food Ingestion

Challenge With Other Diagnostic Factors

Nasal Mucosa Response, No.(%)

Immediate Late Delayed Negative

(n = 84) (n = 80) (n = 24) (n = 74)
Positive skin response

Immediate 47 (65) : 14 (19)

Late 32 (40) as 34)

Delayed . 9 (38) 141)

Positive specific IgE in
the serum (RAST) * _17 @0) 2 (3) 0 (0) 2 (3)

serum IgG 6 (7) 19 (24) 0 (0) 3 (4)

d serum laM 1a) 8 (10) 144) 0 (0)

Increased serum IgA 0 (0) 1a) 0 (0) i)

in blood 74 9/15 1/2 wt

Eosinophils (leukocytes (8/5) (11/19) (4/8) (it)

Nasal mucosa appearance

Hyperemic 33 (39) 12 (18) 1.44) 3 (4)
\ =I 51 (61) 68 (85) 22 (92) __9 {0)

Nasal mucosa
hemorrhages 9 (0) 13 (16) 1 (4) O{o)|

Nasal symptoms 84 (100) 80 (100) 24 (100) 7 (9)

Obstruction 81 (98) 77 (98) 24 (100) 0 {0)

t ion 83 (99) 11.44) 0 ©) 3 (4)

$9 (58) 0 (0) © (0) 2 (3)

Itching 12414) 41 (61) 16 (67) 2 (3)
Changesin the nasal

secretions eosinophil
count 39 (46) 20 (25) 1{4) 6 (7)  
 

* RASTindicates radioallergosorbent test.

 

 

 

 

  

 

 

 

 

 

 

 

 

  

Table 3.—Review of Other Organs’ Responses and Complaints

Recorded After the Food Ingestion Challenge

Nasal Mucosa Responseto Food Ingested, No. (%)

Immediate Late Delayed Negative
(n = 84} (n = 80) (n = 24) (n = 74)

G ival 9d) 6 (8) 1 (8) © (0)
Bronchial obstruction 2 (2) 3 (4) 1) 14)

Middle-ear response (otaigia,
changesin middle-ear pressure) 7 (8) 8 (10) 3 (13) 2 (3)

Responses of sinuses (acute edema
of sinus mucosa) 3 (4) 79) 417) 0.)

Cc Ig 14 (17) 16 (19) 18 (75) 34)

Urticaria 1a) 5 (6) 5 (2) 2 (3)

ic edema 3 (4) 2 (3) 417) tay

Body temperature increase 0 (0) © (0) 3.43) 0 (0)
Gastrointestinal complaints (nausea,

vomiting, diarrhea) 2 (2) 7 (9) 5 (21) 141)

General malaise complaints 4 (5) 4 (8) 8 (33) O (0)  
 

Increased blood eosinophilia (>300
X 10*/L [>300 x 10'/mm‘]) was found
in seven cases of INR (8%), in nine
cases of LNR (11%), and in one case of
DNR (4%), while increased blood Jeu-

kocytosis (>10X10°/L [10 x 10/
mm}’]) was found in four cases of INR
(5%), in 15 cases ofLNR (19%), and in
only two cases of DNR (8%).
The nasal mucosa was hyperemic in

39% and it was violaceous in 61% of
the INR cases. The violaceous nasal
mucosa was found in 85% of the LNR
cases and in 92% of the DNR cases.
Small hemorrhages on the nasal
mucosa were found in 13 cases of LNR

(16%), The changes in the eosinophil
count of the nasal secretions, com-
pared before and after food ingestion

challenge, were found in 46% of the
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INR cases, in 25% of the LNR cases,

and in 4% of the DNR cases.
All cases of nasal response due to

the food ingestion challenge, however,

were accompanied by nasal symptoms
to different degrees. The INR was
accompanied by all nasal symptoms;
the LNRby obstruction, itching, and,
in a minority of the cases, also by
hypersecretion; and the DNR by
obstruction and itching only (Ta-
ble 1).

In some of the patients other
organs’ responses or other complaints

also were observed after food inges-
tion challenge (Table 3),

The Effect of the Elimination Diet

After avoiding the foods causing
positive nasal responses of any type
for a period of eight to 12 months, 38
of the 41 patients from the positive
food history group and 49 of the 54
patients from the unknown food his-
tory group reported a_ distinct

decrease in their nasal symptoms.

COMMENT

Food allergy or hypersensitivity is a
clinical manifestation of an immuno-
logic process in which foods, their
parts, or their metabolic derivatives

act as antigens and stimulate the pro-
duction of antibodies against them or
sensitize the cells. The foods are then
able to interact with these antibodies
or sensitized cells on the involvement
of other parts of the immunologic

system, which results in a clinical
reaction.’*?!
A distinction should be made

between a food allergy and otherreac-
tions that could also be caused by
foods or factors related to them but.
which are due to a completely differ-
ent mechanism (eg, idiosyncrasy,
intolerance, nonspecific hyperreactiy-
ity, histamine liberation; adverse
nonimmunologic reaction to noncon-
trolled chemical compounds, microor-
ganisms and their products, con-

trolled chemical compounds, and
additives)!
The phrase “adverse reactions to

foods” would seem most appropriate

when immunologic mechanisms can-
not be demonstrated. Food allergy
would then be one of the suspected
mechanisms.’””

Additives, being controlled chemi-
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cal compoundsin foods, form a special
problem. They are commonly used and
their mode of action in patients with
adverse reactions to them is not yet
known in detail**
The participation of foods in

patients with allergic rhinitis has reg-
ularly been discussedin theliterature,
sometimes from controversial points
of view,'**9'470%2? The involvement of
foods through hypersensitivity mech-
anisms has been suggested as one of
the possible causes.474744"
The three types of nasa] response

due to the food ingestion challenge
recorded in this study may be compa-
rable to the basic types of nasal
response to nasal challenge with
inhalant allergens“? A positive
allergy symptom historyfor a certain
food was confirmed by food ingestion
challenge in 90% of the patients.

However, 50% of the patients with

rhinitis with an unknown history for
foods allergy developed a nasal
response after food ingestion. It can

be concluded that a positive history
for certain foods in patients with rhi-
nitis is a valuable diagnostic factor,
while the unknown history cannot
exclude such a role. Skin tests with
food extracts were found to be useful
diagnostic factors by some au-
thors***” while not by others.‘4?
Our results demonstrated the posi-

tive immediate skin response in 56%
of the INR cases, the late skin
response in 40% of the LNR cases, and
the delayed skin response in 38% of
the DNR cases. On the other hand, in
24% of the negative nasal responses, a
positive skin response was observed.
The correlation between the positive

immediate skin response and the posi-
tive INR to food of 56% differs from
other investigators’ data, which find
either a lower (30%) or a higher
correlation (90%).** This difference

might be caused by the clinical fea-

ture of the patients studied. Our
patients suffered from rhinitis only,
while other investigators’ patients

formed a less comparable group.”
Our results of 24% positive skin
response in patients with negative
nasal response to foods is similar to
the results of Atkins et al,¥? who
found 21% false-positive skin tests.
The skin tests with food extracts

therefore should be regarded as a

screening procedure only.
Specific Ig in the serum (RAST)

for the particular foods was found
only in 20% of the INR cases. The
correlation between the RAST for
foods and the INR wasnotsignificant.
These results are similar to other
investigators’ findings.”‘The
RAST with foods is frequently used,
but it is also one of the controversial
methods.ti*34%

Increased serum concentration of
IgG antibodies was found in 24% and
that of IgM in 10% of the LNR cases.
Althoughthis correlation was not sig-
nificant, it might be suggestive of
involvement of IgG and IgM anti-
bodies in some cases of LNR to the
foods ingested.
An interesting finding was the

appearance of the nasal mucosa dur-

ing the individual types of nasal
response. ‘I'he violaceous nasal muco-
sa was found during the INR in 61%,

during the LNR in 85%, and during
the DNR in 92% of the cases, while
hyperemic nasal mucosa was observed

in 39% of the INR, in 15% of the LNR,
and in 4% of the DNR cases. These
results, together with the findings of
small mucosal hemorrhagesin 16% of
the LNR cases might suggest involve-
ment of different mechanisms in the
individual types of nasal response.

The changesin the eosinophil count

in nasal secretions in 46% of the INR
cases can be indicative of a possible
involvement of the immediate hyper-
sensitivity mechanism in the INR.
This percentage, however, was lower

than during the INR to inhalantaller-
gens (74% ).'* Ingestion challenge with
foods should be considered one of
the important diagnostic tools for
the assessment of the role of a cer-
tain food in a patient's com-
plaints." 43,437

Despite various reports dealing
with provocative testing with foods,

studies concerning the nasal response

to food ingestion by recording of the
objective factors in patients with
allergic rhinitis are not numerous.*"*
The following requirements should

be met for the ingestion challenge

with foods**: (1) It should be safe,
reproducible, sensitive, independent
of the influence of the patient and
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investigator. (2) The use of technical
equipment, the methods, materials,
and factors recorded should be moni-
tored. (8) The evaluation of indica-

tions and contraindications for the
individual patient should be docu-
mented. Detailed history, physical
examination, and basic laboratory

tests should precede the oral chal-
lenge: an absolute contraindication is
the presumption of an anaphylactic
reaction to the specific food,
pregnancy, and any disorder that
could lead to irreversible damage in

the patient or to an emergencysitua-
tion; the relative contraindication is
any state influencing the results of
the oral challenge or leading to any
undesirable complication in the
patient. (4) Oral challenges coneern-

ing a response, in which the nonvital

factors are recorded (eg, nasal resis-

tance) and in which no serious reac-

tion is to be expected, can he per-
formed in outpatients. The challenges
in which the vital factors are recorded
(eg, lung function, distinct diarrhea,

hypothermia, or hyperthermia) or in
which a late onset of the organ
response is expected should be per-
formed during hospitalization, under
surveillance. Oral challenge should be
carried out in a well-equipped depart-

ment with resuscitation and intensive
care facilities and well-trained staff.
(5) The allergens (foods or extracts),
their processing, and quality should
be checked continuously. (6) The par-
ticular foods, their parts, and the
related foods should be exeluded from
the diet for a sufficiently long period
before the oral challenge. Some
authors recommend one to two
weeks,’”* while our clinical experience
indicates a four- to six-day exclusion
to be sufficient.*"*
There are two basic techniques for

food ingestion challenges, the double-
blind challenge’ or the open chal-
lenge with natural foods.5**> Both
these techniques have advantages and
disadvantages.’*' The open challenge,
in our experience, was sufficient in
patients in whom objective factors,

independent of the patient’s influence,
can be recorded, eg, the nasal resis-
tance."* This fact is supported by the
results of this study, demonstrating
nonsignificant differences hetween

Nasal Response to Food—Pelikan 529



nasal responses recorded after both
the schedules of food ingestion chal-
lenge in 25 of 26 patients. The double-
blind crossover schedule seems to us
to be important in patients in whom
the objective factors cannot be re-
corded (eg, migraine, gastrointestinal
complaints, skin itching), or in whom
the organ response may be influenced
by the patient, or in whom drug
effects are investigated.”

Despite the important advantage of
the double-blind technique, that its

results are less influenceable, there
are some disadvantages: (1) The cap-
sules to be swallowed are maximally
of 500-mg content. The dose of the
food may then be distinctly lower, or
the number of capsules would have to
be increased distinctly to equal the
natural consumption (eg, for 100 g of
meat 200 capsules would be neces-
sary).”*” (2) The foods must be color-
less, odorless, and tasteless. Such
preparation is either not always pos-
sible or can lead to changes in physi-
cal or chemical properties. (8) Pro-

viding a suitable placebo regarding

quantity, consistency, color, and taste
is not always possible? (4) The admin-
istering of food in capsules excludes
the buccal mucosa, tongue, and esoph-
agus, These organs maybe thesite of

the response in some patients (edema
of the tongue or epiglottis, vesicular
eruption of the buccal mucosa, gingi-
vitis, dysfunction of the esophagus,
ete).623

It can be concluded that a definite
confirmation of the role of a certain
food in nasal complaints of patients
should be provided by food ingestion
challenge combined with rhinoma-
nometry*” The results of our study,
according to our previous investiga-

tions,*"* demonstrated three basic
typesof nasal response due to the food
ingestion. The immunologic mecha-
nisms underlying the individual types
of nasal response to foods could not be
fully clarified; therefore, further con-

current immunologic studies will be
necessary,

R. Aalberse, PhD, and C. Aaij, MD, of the
Centrat Laboratory af the Duteh Red Cross
Transfusion Service performed the RAST.
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® Thirty-eight patients with a perennial

illergic rhinitis, who developed a nasal re-

iponseto ingestion challenge with certain

oods, were randomly selected for protec-

jon tests with oral cromolyn sodium (Nak

wom). The food challenges were per-

ormedin combination with rhinomanome-

ty. The patients were pretreated with

womolyn or placebo by double-blind

wossover schedule,in a daily oral dose of

100 mg (four times), starting 3 days before

ind continuing up to 3 days after the food

ngestion challenge. The 38 patients pre-

‘ously developed 25 immediate, 24 fale,

ind 6 delayed nasal responsesto foodin-

jestion challenge. Cromolyn fully pre-

tented 15, significantly decreased 9, and
vas ineffective in 1 case of immediate na-

ial response. Of the 24 cases of late

esponse, cromolyn fully prevented 10,

significantly decreased 12, and was inef-

ective in 2. Of the 6 cases of delayed re-

sponse, 2 cases were decreased signifi-
santly by cromolyn, while the other 4

pases were not. The protection effects of

dral cromolyn were highly significant tor
the immediate and late nasal responses

and nonsignificant for delayed responses.

t can be concluded that cromolyn in a

daily oral dose of 200 mg four times

orevented the immediate and late nasal

‘esponsesto ingested food.
(Arch Otolaryngol Head Neck Surg.

1989;115:1238-1243)
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llergic rhinitis due to adverse reac-
tions to foods and the involve-

ment of hypersensitivity as one of the
suspected mechanisms has already
been reported in the literature.''*
However, the possible role of food

allergy and food in general in subjects

suffering from nasal complaints re-
mains underestimatedby clinicians. In

the literature there is a dearth of
information concerning not only the
involvement of foods and food allergy
in the allergic disorders of the airway,
but also the pharmacologic control and
treatment of such disorders.'4"*

Oral cromolyn sodium andits possi-
ble protective effects on variousclini-
cal manifestations of food hypersensi-
tivity have regularly been discussed in
the literature, though sometimes from
controversial points of view. How-
ever, we were unable to find any report
in the available literature concerning
the investigation of the possible pro-
tective effects of oral cromolyn on the
nasal response to food ingestion chal-
lenge, especially on the particular
types of nasal response, in a suffi-
ciently large and well-diagnosed group
of patients.

The purpose of this study, being a
continuation of our preliminary arti-
cles,’"""4 was to investigate the possi-
ble existence of protective effects of
oral cromolyn sodium (Nalerom) on

the three basic types of nasal response
to food ingestion challenge in patients
with allergic rhinitis" andto define the
indicationsfor the practical use of this

 

*References 2, & 9,11, 18, 15, 17, 18, 21, 22, 24-
37.
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drug in patients suffering from nasal
complaints due to the food ingested.

PATIENTS AND METHODS
Patients

Thirty-eight patients whe developed a

nasal response to ingestion challenge with

certain foods, correlating with positive his-

tory and/or positive intracutaneous tests,

were included in this study. These 38 pa-

tients were randomly selected from a large
group of 142 patients who had heen studied

and extensively described in our previous

study,’ Patients were aged 14 to 60 years

and had perennial allergie rhinitis (nasal

obstruction accompanied by hypersecre-

tion, sneezing, and itching to various de-

grees) for longer than 5 years.

A routine diagnostic procedure was done

in all patients, which included skin tests

and nasal challenges with inhalant aller-

gens, food-focused history, intracutaneous

tests with standard and supplementary se-

ries of food extracts, and ingestion chal-

lenge with selected foods in combination

with recording of nasal resistance by means

of rhinomanometry.

Noneof the patients studied had had an

anaphylactic or other serious life-threat-
ening reaction to foods in the past. None

had received previous immunotherapy or

used oral corticosteroids or long-acting an-
tihistamines. Treatment with topical corti-

costeroids and intranasal cromolyn was
stopped at least 4 weeks before the study.

No short-acting antihistamines were given
during 46 hours and no topical deconges-

tants during 12 hours before each of the

food ingestion challenges. The food selected

for ingestion challenge and related foods
were always avoided for at least 7 days be-

fore each of the ingestion challenges.

The 38 patients developed the following

types of nasal response to food ingestion

challenge: $ isolated immediate,10 isolated
late, 14 dual late (a combination of an im-
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Table 1.—Survey of Foods Used and Particular Types of Nasal Responses’

Total liNR ILNA DLNR IDNR DDONR
(N = 38) a (n = 10} (n = 14) (n = 3) (n = 3)

Cheese 7 1 2 2 t 1

Chocolate 6 2 2 1 1 oO

Peanuts 4 1 i 0 1 1

Milk 4 1 1 1 0 |

Dutch sweets 3 1 1 1 —_ o. 2]
Shrimp 2 0 1 4 oO 0

Apple 2 3 1 1 0 0

Tomato —=— 8 1 | o 0

Egq 1 0 “0 1 0 0
Onion 1 ° 1 0 Q oO

Hazelnuts 1 0 o 1 oO G

Codfish i 1 0 =e _o 0
Banana 1 a o 1 oO o

Garlic 1 0 0 1 o 0
Pork 1 3 Q 1 0 inns
Sherry 1 Oo Bw 1 al °   

“IINR indicatesisolated immediate nasal response; ILNA, isolated late; DLNR, duallate: IDNR,isolated de-

layed; and ODNR, dua! delayed,

mediate and a late), 3 isolated delayed, and
8 dual delayed responses (a combination of

an immediate and a delayed), In 21 of these

patients, the nasal response to the food in-

gestion challenge was verified by the dou-

ble-blind placebo-matched crossover tech-
nique, as was reported in our previous

study.'*

Skin Tests

Dialyzed and lyophilized food extracts,

diluted in phosphate-buffered saline (dry

weight of food extract in milligrams per 1

mL of phosphate-buffered saline; Labora-

tory “Diephuis,” Groningen, the Nether-

lands}, were used in the following concen-

trations; cheese and eggs, each in 1 mg/mL;

nuts, chocolate, cocoa powder, Dutch

sweets, nonalcoholic beverages, beers, and

wines, each in 0.5 mg/mL; meat, spices, and

beans, each in 0.2 mg/mL, all other foods,

each in 0.1 mg/mL.

Scratch tests were performed and evalu-

ated after 20 minutes. If theywere negative,

then intracutaneous tests were carried out

and the results evaluated after 20 minutes

and 4, 8, 12, 36, 48, 60, 72, 84, and 96 hours.
A positive skin response, appearing within

20 minutes, was considered to be an imme-

diate skin response, that appearing be-

tween 6 and 24 hours was considered to be

alate skin response, and that appearingaf-

ter 48 hours was considered to be a delayed

skin response.'*

Rhinomanometry

A modification of the posterior technique,
described previously by us in detail,’**”

was used for assessing the nasal mucosa

response. The nasal resistance values

(nasopharynx-nostril-pressure gradient

[NPG]values) were recorded, The nasal re-

sponse was considered to be positive when
the mean NPG values after food ingestion

challenge increased byat least 2.7 + 0.6m

H,0 (mean + 2 SDs) with respect to the

“initial” values, recorded at least at three

consecutive intervals."

Food Ingestion Challenge

The open food ingestion challenge was

performed according to the following

schedule:(1) baseline values were recorded

at 0.5 and 10 minutes; (2) the food was in-
gested within 5 minutes, and then a 1-hour

waiting period followed to allow the food to

be digested; during this hour interval the

nasal values were measured every 15 min-

utes to exclude an unexpected or too-early

nasal response; (3) after the 1-hour waiting
interval, the actual postchallenge nasa! val-

ues were recorded at 0, 10, 20, 30, 45, 60, 90,

and 120 minutes and then every hour up to
the 12th hour and every second hour during

the 24- to 36-hour intervals and the 47- to
56-hour intervals."

A survey of foods used for ingestion

challenge, protection tests with eromolyn,
and the particular types of nasal response

is given in Table1.

Control Test

The control ingestion challenge con-

ducted with cookedrice, cooked potatoes, or
glucose solution, depending on the patient's

problem, was performedin the same way as

the experimental food challenge,"

Rhinoscopy Complaints

The appearance of the nasal mucosa, na-

sal complaints, and other complaints were

recorded before and then every 2 hours

Arch Otolaryngol Head Neck Surg—Vol 115, October 1989

during the 0- to 12-, 24- te 35-, and 47- to

56-hour periods after non-pretreated as

well as pretreated ingestion challenges.'*

Other Diagnostic Factors

Radioallergosorbent test, single radial

immunodiffusion (Mancini technique),

blood leukocyte and eosinophil count, and

eosinophil count in nasal secretions were

performed as previously described.“

Drugs

Cromolyn sodium (Nalerom) was used in

powder form administered orally in cap-

sules (one capsule being 100 mg). Placebo

wasthe tablet material in powder form ad-

ministered orally in capsules (one capsule

being 100 mg of tablet material).

Protection Tests and Study Design

In the patients selected, the food inges-

tion challenge as well as the control inges-

tion challenge with an indifferent food were

repeated, and then twoprotectiontests, one

with oral cromolyn and another with ple-

cebo, were performed. The design of the
study was double-blind crossover placeho-

matched. The basic schedule of the protec-

tion tests (pretreated challenge) was simi-

lar to that of the non-pretreated challenge.

The patients were pretreated with cro-

molyn sodium and placebo in a daily oral

dose of 4 X 2 capsules (4 X 200 mg) taken 30
minutes before meals (at 8 Am and at 1, 7,

and 11 pM) starting 3 days before the chal-

lenge and continuing throughout the chal-

lenge day up to 8 days after the challenge.

The tests were separated by an interval of

7 days.

The protection effects with the oral cro-

molyn were considered to be clinically sig-

nificant when the NPG values recorded af-
ter the pretreated food ingestion challenge

decreased by at least 50% with respect to
the NPG values recorded after the non-
pretreated food ingestion challenge.

Statistical Analysis

The particular types of the nasal re-

sponse to food ingestion challenge were

statistically evaluated by the Wilcoxon

Matched Paired-Signed-Ranks Test, com-

paring the NPG values recorded after food

challenge with mean NPG values of base-

line (before the challenge).

The positive nasa] responses of a partic-

ular type were compared with appropriate

control challenges and statistically evalu-

ated by the Mann-Whitney U Test. There-

sults of the repeated food challenges were

compared with those observed in the previ-

ous study™ (reproducibility) and statisti-

cally evaluated by the Mann-Whitney

UTest.
‘The results of both protection tests [ero-
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Table 2.—Time Course of Basic

Types of Nasal Response to Food
Ingestion Challenge
 

 

Onset Maximum Resolving

Immediate
min 60-70 90-105 180-180

Late. h 4-6 8-10 12-24

Delayed, h 26-30 32-38 48-56    
molyn and placebo) and their differences

were statistically analyzed and evaluated
by the Wilcoxon Paired-Signed-RanksTest.
A P value below .05 was considered to be

statistically significant in all analyses.

RESULTS
Types of Nasal Response

The 38 patients developed 25 imme-
diate (INR; P <.02), 24 late (LNR;

P <.01), and 6 delayed (DNR; P < .05)
nasal responses to food ingestion chal-
lenge. Eight of them were isolated im-
mediate, 10 isolated late, 3 isolated de-
layed, 14 duallate, and 3 dual delayed
nasal responses. The time courseof the
basic types of nasal response to food
ingestion challenge is described in Ta-

ble 2.

Control Ingestion Challenge

No significant NPG changes were
recorded during the 38 controlfood in-
gestion challenges (P > .1).

Comparison Between Previous and

Actual Food Ingestion Challenges

None of the 38 patients studied
showed any statistically significant
differences in NPG values between the

first (previous) and the second(actual)
challenges. The P values for the par-
ticular types of nasal response were as
follows: INR, P > .1; LNR, P > .05; and
DNR, P > .05.

Protection Tests With Oral

Cromolyn

The oral cromolyn demonstrated the
following protective effects on the par-
ticular types of nasal response to food
ingestion challenge. (1) For INR, the
cromolyn fully prevented 15 (60%),
significantly decreased 9 (86%), and
was ineffective in 1 case (4% ). (2) For
LNR,the cromolyn fully protected 10
(42%), significantly decreased 12
(50%), and was ineffective in 2 cases
(8%). (3) For DNR, the eromolynsig-
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Fig 1.—The mean nasopharynx-nostril-pressure gradient (NPG) values after non-pratreated and
pretreated responses due to the food ingestion challenge, with respect to the appropriate control

NPG values calculated from all patients developing the same type of nasal response, immediate
nasalresponse (n = 23); closed circles indicate non-pretreated response; opencircles, response

pretreated with cromolyn sodium (Nalcrom); and crosses, control test (n = 23).
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Fig 2.—The mean nasopharynx-nostril-pressure gradient (NPG) values after non-pretreated and
protreated response dueto the food ingestion challenge, with respect to the appropriate control
NPG values calculated from all patients developing the same type of nasal response,late nasal
response (n = 24): closed trianglesindicate non-pretreated response; open triangles, response
pretreated with cromolyn sodium (Nalcrom); and crosses, control lest (n = 24).

nificantly decreased 2 (88% ) and non-

significantly decreased 4 cases (67% ).
The protective effects of oral cromolyn
as compared with placeho were statis-

tically highly significant, for INR

Arch Otolaryngol Head Neck Surg—Vol 115, October 1989

(P <.001), distinctly significant for

LNR (P < .01), and nonsignificant for
DNR (P= .05), The non-pretreated

nasal responsesto food ingestion chal-
lenge as well as those pretreated with
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 I
N
S
S
O
P
N
E
!
Y
I
V
C
I
N
U
S
U
I
F
P
I
e
S
S
u
l
e
O
r
a
g
e
,
a
r
C
l

 

 
 

—60

CAien J

Waiting
nterval

0 102030 46 60

Minutes

90 2 4 6 8 10 12 24 2832 36 48 62 68

After Challenge

Hours

‘ig 3.—The mean nasopharynx-nostril-pressure gradient (NPG) values after non-pretreated and
retreated responses dueto the food ingestion challenge, with respect to the appropriate control
IPG values calculated from all patients developing the sametype of nasal response, delayed na-
al response (n = 6); closed squares indicate non-pretreated response; open squares, response
retreated with cromolyn sodium (Nalcrom); and crosses, control test (n = 6).

ral cromolyn are summarized in Figs
through 3,

COMMENT

The participation of food in allergic
hinitis symptoms has already been
liseussed in the literature, though
ometimes from controversial points

f view.’ There is a dearth of infor-
nation concerning the well-docu-
nented data confirming the causative
ole of foods in nasal complaints in a
ufficiently large group of patients
vith rhinitis."
The three types of nasal response

o food ingestion challenge described

n our previous studies’™''"* may be
omparable with the basic typesof na-
al response to inhalant allergens re-
vwrted previously by us.*” A hyper-
ensitivity mechanism has been
uggested as one of the possible path-
vays.=* However, the exact mech-
inisms underlying the particular
ypes of nasal response to foods and
hose to inhalant allergens must not
iecessarily be similar and com-
yarable.*'* Unfortunately, the exact
nechanisms leading to the particular
ypes of nasal response to food in-

rested are not yet fully clarified and
1eed more concurrent immunologic

itudies.'*

The food ingestion challenge should
be considered one of the important di-

agnostic tools for the detection and
confirmation of the role of a certain
food in patients’ complaints.* Its
technical and interpretation aspects as
well as basic methods employed (open
ys double-blind challenge) have al-
ready been exhaustively discussed in
our previous studies.’"*

The ingestion challenge with se-
lected foods is utilized at our depart-
ment as a standard partof the routine
diagnostic procedure in patients suf-
fering from various disorders to con-
firm the participation of a certain food

in the patient’s complaints and to
detect the particular type of organ
response, in this case nasal re-
sponse.*8#47

Wealso routinely use another mod-
ification, the so-called protection tests,

where the challengeis pretreated with
a certain drug.*'''**4? The “protective
effects” of the drug investigated refer
then to its ability to preventor signif-

icantly decrease the development of
the organ response due to the allergen

challenge, in this case food ingestion
challenge.
The protective effects of oral cro-

molyn on various clinical manifesta-

tions due to the adverse reactions to

ich Otolaryngol Head Neck Surg—Vol 115, October 1989

foods have regularly been studied and
published in the literature. In most of
these studies, however, the possible
protective effects of oral cromolyn on
the skin disorders (atopic eczema,
urticaria),?’’>* colon disorders (colitis
ulcerosa, Crohn’s disease),*!*’ or mul-
tiple symptoms*5* due to adverse
reactions to foods, have been investi-

gated.
Moreover, in a majority of these

studies, the protective effects of oral
cromolyn were evaluated only by the
recording of symptom scores or clini-
cal improvement and they were not
related to a qualitatively and quanti-
tatively well-defined stimulus such as
ingestion challenge with a certain
food. There are few data available to
illustrate the protective effects of oral
cromolyn on nasal responses to the
food ingested."7'*)
The results of this study demon-

strated significant protective effects of
oral ecromolyn on the INR (P <.001)
and on the LNR (P< .01) but not on
the DNR (P = .05), as compared with
placebo. On the other hand, the lew
number of DNR cases did not allow
statistical evaluation sufficient to
demonstrate realclinical utility.
The positive protective effects of cro-

molyn on the INR as well as on the
LNRdueto the food ingested can sug-
gest the following hypothesis: either
the mechanisms underlying both types
of nasal response may include some
similar parts and steps, or these mech-
anismsare different and cromolyn can
affect all of them.
Cromolyn possesses manifold phar-

macologic effects. It protects the mast
cell and basophil from degranulation
and release or selective secretion of
mediators, possibly by stabilizing cell
membranes, by blocking calcium
transport, and by inhibiting calcium
gate opening induced by antigen.
There is also evidence suggesting that
cromolyn elevates membrane-associ-
ated cyclic adenosine monophosphate,
either directly or indirectly through
the inhibition of phosphodiesterase.
This increase may inhibit release of
mediators."
Cromolyn also seemsto decrease the

neutrophil chemotactic activity, to in-
crease cyclic adenosine monophos-
phate, and to decrease cyclic guanosine
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monophosphate in cells such as neu-
trophils and platelets, and tissue cells

like lung tissue cells.**’ The exact
mechanism(s) underlying the pharma-
cologie actions of the oral cromolyn in
the gut, resulting in its protective ef-
fects on the various organs’ response

to food ingested, is not yet fully
clarified.“
On the other side there is a lack of

exact knowledge of the process and
mechanismsin the gut through which

food and/orits parts are able to act as
an antigen and initiate the hypersen-
sitivity reactions leading to the re-
sponse of a certain organ.” The crucial

questions in this poorly understood
area of allergology include the role of
the intestine in controlling uptake of
ingested antigens, the mechanismsdi-
rectly involved during the resorption

of the potential antigens, and lastly
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investigators,” the involvement of
immedate hypersensitivity (type I) in

INR,late hypersensitivity (type IIL) in
LNR, and delayed hypersensitivity
(type IV; eg, T cells) in the DNRto the
food ingested, or at least, of some of
their modifications, cannot be ex-

cluded.
Despite a dearth of sufficient knowl-

edge of the exact mechanisms under-
lying the basic types of nasal response
to food as well as of pharmacologic ac-
tion of oral cromolyn, it can be con-
cluded that cromolyn sodium in a daily
oral dose of 4 X 200 mgsignificantly
prevented the INR and the LNR due to
the ingested food. Oral cromolyn
seems therefore to be a suitable drug
for the prophylaxis of nasal com-
plaints due to ingested food, acting
probably through food allergy mecha-
nism(s).
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Role of nasal allergy in chronic maxillary

sinusitis—Diagnostic value of nasal challenge

with allergen
 

Z. Pelikan, MD, and M. Pelikan-Filipek, MD Breda, The Netherlands

The role of nasal allergy in chronic maxillary sinusitis without an air-fiuid level was studied in

37 patients. Seventy-three nasal provocation tests with various inhalant allergens were

performed in 37 patients by means of rhinomanometry, and maxillary sinus radiographs were

performed before and repeatedly after the allergen challenge. Forty-one positive nasal responses

(NRs) occurred in 29 patients; 13 were immediate only, 18 were late only, and 10 NRs were

dual responses. Of these responses, 32 demonstrated radiographic changes, primarily an

increase in mucosal edema and/or opacification. These responses were accompanied by

increased pressure in the maxillary sinuses, acute headache, and sometimes otalgia. Eight

patients did not develop any NRs; however, increased thickening of the mucosal membrane of

the maxillary sinuses, accompanied by subjective symptomts, was recorded in three of these

nonresponders. These results demonstrate the role of nasal allergy in. some patients with chronic

maxillary sinusitis, which may affect the diagnostic and therapeutic approaches to this disorder.

(J ALLERGY CLIN IMMUNOL 1990;86:484-91.)

Chronic sinusitis, especially CMS, is a common

disorder in adults'* and sometimes in children.*”
The structure and function of paranasal sinuses have

been well established':**'7 as well as the diagnosis

and treatment of sinusitis.'*: ''*?! However, most

of these studies reflect the role of bacterial and

viral infections in chronic sinusitis.*° 7"!*
The association of CMS with rhinitis has been

confirmed,': 7: 7 1% 11: 17,2124 The etiologic role
of nasal allergy in CMS, and the involvement of
hypersensitivity as a possible mechanism leading

to the CMS, has already been discussed in the liter-
ature.': 5, 10, 13, 18, 24

However, little data are available to illustrate the

direct causal relationship of hypersensitivity mecha-
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Abbreviations used

CMS: Chronic maxillary sinusitis

NPT: Nasal provocation test with allergen

NR: Nasal response

PBS: Phosphate-buffered saline

INR: Immediate nasal response

TINR: Isolated immediate nasal response

LNR: Late nasal response

ILNR: Isolated late nasal response

DLNR: Dual late nasal response (immediate plus

late response)
NNR: Negative nasal response (no nasal response)
NPG: Nasopharynx-nostril pressure gradient ex-

pressed in centimeters of water

MSR: Maxillary sinus response (radiographic

changes)

NS: Nasal secretion 
 

nisms appearing primarily in the nasal mucosa thé

lead to the secondary response in the mucosal mem
brane of the maxillary sinuses, We were unable t

find any data in the available literature that studie

the changes in the maxillary sinuses after allerge

challenge with relation to particular types of NRs.

The purpose of this study as a continuation of ov

previous work**”’ was to investigate (1) the possibl

role of the nasal mucosa and nasal allergy in CMS

(2) the clinical features and types of the sinus max
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types of the NR to allergen challenge, and (3) the

diagnostic value of nasal challenge with allergen and
other supplementary diagnostic parameters for the as-

sessment of the allergic component in patients with

CMS.

MATERIAL AND METHODS

Patients

Thirty-seven patients, 18 to 50 years of age, with a history

of resistant CMS withoutan air-fluid level on the radiograph,

were referred to our department.

All patients had been treated during the last 3 to 5 years

with antibiotics and decongestants. Some of these patients

received various kinds of surgical intervention, such as re-

peated sinus puncture, nasal septoplasty, conchotomy,etc.,

however, without sufficient improvement. No patient had

significant health or allergic disorders, food allergies, or

nasal polyps. Noneof the patients received immunotherapy,

oral or topical corticosteroids, disodium cromoglycate, or

long-acting antihistamines in the past.
All patients underwent the routine diagnostic procedures

consisting of complete disease history, skin tests, blood

eosinophil and leukocyte count, NS cytogram, PRIST, and
RASTdetermination in serum. In addition, nasal histamine

thresholds were determined, and 73 NPTs with various in-
halantallergens with rhinomanometry were also performed

and supplemented by radiographs of the maxillary sinuses.

Patients were studied during a period of minimal complaints

and without symptoms of nasal infections, most of them

during hospitalization, No antihistamines or topical decon-

gestants were taken within 24 hours before this study. In

each patient, a control nasal challenge with PBS was also

performed according to the same schedule as that used for

the NPT with allergen, When changes on the radiographs

were observed during NPT with allergen, then the PBS

control challenge was also supplemented with radiographs

of maxillary sinuses, performed at the same time intervals

as during NPT with allergen.

Allergens

Dialyzed and lyophilized allergen extracts (Diephuis Lab-

oratory, Groningen, The Netherlands) were diluted in PBS

(dry weight ofallergen in milligrams per 1 ml of PBS) and

used for skin tests in the following concentrations: house

dust, 0.25 mg/ml; animal danders and feathers, 0.125

mg/ml; various kinds of molds, 0.1 mg/ml; mites (Der-

matophagoides pteronyssinus), 5 NU/ml; and various pol-

lens, 100 NU/ml. The concentration of allergen extracts

used for the nasal challenges was tenfold greater.

Skin tests

Scratch tests were initially performed,If these tests were

negative, intracutancous tests were performed and evaluated
20 minutes, 6, 12, 24, 48, 72, and 96 hours after injection.

A skin wheal reaction (>7.5 mm) appearing 20 minutes
after the intradermal allergen injection was considered a
positive immediate skin response, whereas significant in-
duration occurring 6 to 12 hours later was considered a
positive late skin response.
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NPTs

NPTs were performed by means of a rhinomanometry

method, described in our previous articles.~*° The NPG

values recorded by this method were considered to be the

basic parameters of the mucosa NR, principally nasal ob-

struction. In short, these tests were performed according to

the following schedule: (i) initial values (baseline) were

recorded at 0, 5, and 10 minutes, (2) PBS control values

were recorded at 0, 5, and 10 minutes after a 3-minute

application of PBS to the nasal mucosaof the nonintubated
nasal cavity by means of a saturated wad of cotton wool on

a nasal probe, and (3) test values were recorded similarily

after a 3-minute challenge with allergen at 0, 5, 10, 20, 30,
45, 60, 90, and 120 minutes and then every hour upto the

twelfth hour and at the twenty-fourth hour.

An NR was considered positive when mean NPG yalues

after allergen challenge increased by a minimum of 2.0 cm
HO (1.2 + 0,3 equals mean + SE) over the PBS control

values forat least three consecutivetime intervals. The NPG

changesoccurring within 60 minutes after allergen challenge

were considered to be a positive INR, whereas changes

appearing 4 to 12 hours after challenge were considered to

be a positive LNR.

Allergens for the NPTs were chosen with respectto pa-

tient history, skin tests, or RAST.

Cytograms of NSs

NS specimens were collected from the nonintubated nasal

cavity by having the patient blow onto a polyethylene sheet

immediately after each NPG recording. Specimens were

processed and stained according to a modified method of

Hansel, described in our previous articles.*** *

Radiographs

Maxillary sinus radiographs by Water’s projection’ (other

parts having been shielded) were performed at baseline, at

2 hours, and again at either 6 or 12 hours after the allergen
challenge. In the cases of isolated INR or NNR,an addi-

tional radiograph was performed 24 hoursafter the allergen

challenge and again at 48 hours in the case of LNR.

The radiographs were evaluated in their totality; however,

the changes in the mucosal thickening (especially its in-

crease) as an indicator of mucosal edemaorinfiltration, and

the changes in the aeration or opacification of the sinuses

were recorded predominantly.

In patients demonstrating changes on radiographs after

allergen challenge, the PBS control challenge has also been
supplemented with radiographs performed at the same time

intervals as radiographs after the allergen challenge, for

comparison.

Control group

In eight volunteers suffering from atopic eczema only

without anysinusitis complaints, NPT with house dust mites

was performed and supplemented byradiographsofthe max-

illary sinuses. Hour of these patients had radiographs before

and 2 hoursafter allergen challenge, whereas another four

patients had radiographs before and 24 hours after allergen
challenge.
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FIG. 1. The mean NPGvalues recordedafter the allergen challenge with respect to the appropriate
PBS NPG values were calculated from all patients reacting positively with the same type of

response; IINR (o—o) {n = 13), ILNR (A— —A) (n = 18), DLNR (o- -- 0) (n = 10), contro! chal-
lenge with PBS (X - - - X) (n = 37); and ALL, allergen challenge.

Statistical analysis

The NR to allergen challenge was statistically evaluated

by the Wilcoxon matched-pair, signed-rank test, comparing

the NPG values recorded after the allergen challenge with
the mean NPG value of PBS. A p value <0.05 was con-

sidered to be statistically significant.

The positive and negative nasal responses of the same

type (INR or LNR) were comparedandstatistically evalu-

ated by means of the Mann-WhitneyU test. Ap value <0.05

was considered to be statistically significant.

The correlation between NRs and radiographic changes

was evaluated by means ofa Fischer’s exact test, which is

a specialized chi-square test. (A p < 0.05 was considered
to be statistically significant.)

RESULTS

Of the 37 paticnts in whom 73 NPTs were per-

formed, 29 patients developed 41 positive NRs, 13

IINRs, 18 ILNRs, 10 DLNRs, and 11 NNRs(Fig.

1). The remaining eight patients demonstrated 21

NNRs(Table I). The differences between the positive
and negative NRswerestatistically highly significant

(p < 0.001) at all time intervals.

The 37 control challenges with PBS did not dem-

onstrate any significant changes of NPG when they

were compared to baseline values (p > 0.1).

Characteristics of the particular types of NR were

as follows: (1) INR:onset within 10, maximum within

20 to 45, and resolving within 120 minutes afteral-

lergen challenge, (2) LNR: onset within 4 to 6, max-

imum within 6 to 10, and resolving within 12 to 24

hours, and (3) DLNR is a combination of INR and

LNR.

Radiographs of the maxillary sinuses

In 34 of the 37 patients studied (92%), slight base-

line thickening of the mucosal membranesin the max-

illary sinuses was noted on the radiographs (<3 mm)

before the control and allergen challenges were per-

formed.

Thirty-two of the 41 positive NRs (11 IINRs, 15

ILNRs, and six DLNRs) and two of the 11 NNRs,

recorded in 29 patients, were associated with changes

on the radiographs of the maxillary sinuses, mostly a

distinct increase in thickening (edema) of the mucosal

membrane (>3.0 mm, usually 5 to 8 mm) and/or
increase in opacification or a decrease in aeration

(Figs. 2 and 3). The agreement between the positive

NRsand positive MSRs on one side and the negative

NR and negative MSR on the other side was highly

significant (p < 0.001). NRs and MSRsare presented

in Table I, while particular maxillary sinus changes

are reviewed in Table IL. In nine of the 11 positive
IINRs and both NNR cases, mucosal thickening in
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the maxillary sinuses and other accompanying

changes resolved fully within 24 hours after the al-

lergen challenge, whereas in 12 of 15 ILNRsandall

six DLNR cases within 48 hours. The radiographic

changes were accompanied by clinical symptoms in

all patients, such as pressure in the maxillary sinuses,

acute headache, sometimes also otalgia, appearing

parallel to the course of the NR (INR or LNR), with
a slight delay.

All positive NRs were accompanied by acute nasal

symptoms. Cases of INR were characterized by na-

sal blockage, hypersecretion, sneezing, and itching,

whereas LNR cases were characterized predominantly

by blockage and hypersecretion.

Three of eight patients with NNRs demonstrated an

increased thickening of the maxillary sinus mucosal

membrane and symptoms of sinus pressure during

three NNRs(Table I), These changes and symptoms

resolved within 24 hoursafter the allergen challenge.

Nosignificant radiographic changes of the maxil-

lary sinuses nor nasal symptoms were recorded in 37

control challenges with PBS. The spontaneous vari-

ations in the thickening of the mucosal membrane in

maxillary sinuses during the PBS control challenges

were always <2 mmand sometimes not even mea-
surable.

Other diagnostic parameters

The results of other diagnostic parameters are sum-
marized in Tables III and IV.

Control group

None of the eight control patients (four in each

group) developed any NRsto allergen challenge or

demonstrated any changes in the maxillary sinuses or

measurable thickening of the mucosal membrane at

either 2 or 24 hours after allergen challenge, respec-
tively.

DISCUSSION

The relationship between the nose and sinuses,

especially maxillary sinuses, has been well estab-

lished.*7: 1°15. '7 214 Mogt of these studies, however,
reflect the role of bacterial and viral infections in the

pathogenesis of CMS.In some patients, the CMS has

beenreferred to as a complication ofperennialallergic

rhinitis. This conclusion has been drawn either from

clinical observation or from epidemiologic follow-up
studies.” '*: '*: °° We were unable to find any data
correlating the direct role of hypersensitivity reactions
affecting the nasal mucosa in the development of max-

illary sinus pathology.

There are many similarities in anatomic, phys-
iologic, and pathologic characteristics of the nose
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FIG, 2. Radiographs of maxillary sinuses in patient de-

veloping an IINR to cat danders in a concentration of 1.25
mg/ml. A, Before allergen challenge; thickness of max-
illary sinuses mucosa, “baseline”; right, 2 mm;/eft, 2mm.

B, One hundred twenty minutesafter allergen challenge;
the thickening of the mucosal membranein the maxillary

sinuses increased with respect to the “baseline”; right,

10 mm; /eft, 7 mm. ©, Twenty-four hours after aller-

gen challenge, the mucosal thickening decreased; right,
2 mm; /eft, 2 mm.

and paranasal sinuses, especially the maxillary si-
nuses,! 3:7 10, 12, 13, 1517, 22 Some authors, therefore,

report about one type of the mucosal membrane with

little distinction.’'”

The maxillary sinus communicates with the nasal
cavity through the ostium, which plays a pivotal role

for the maxillary sinus and its mucosal membrane
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FIG. 3. Radiographs of maxillary sinuses in patient developing an ILNR to mites (Dermatopha-
goides pteronyssinus) in a concentration of 50 NU/ml. A, Before allergen challenge; mucosa
thickness in maxillary sinuses, “baseline”: right, 7 mm; eft, 5 mm. B, Six hours after allergen
challenge; mucosal thickening in maxillary sinuses increased with respect to the “baseline”;
right, 14 mm; left, 12 mm. C, Twelve hours after allergen challenge, mucosal thickening in-
creased; right, 17 mm; /eft, 14 mm. D, Forty-eight hours after allergen challenge; mucosa

thickening decreased; right, 12 mm; /eft, 7 mm.

TABLE |. NR and MSRsafter nasal

challenge with allergen
 

 

MSR

Patients (n = 37) Positive Negative

29 patients
41 positive NR 32 9
11 negative NR 2 9

8 patients
21 negative NR 3 18

37 PBS controls 0 37
 

The agreement between positive NR and positive MSR as well as
between negative NR and negative MSR washighly significant

(p < 0.001).

with the drainage of secretions being the primary
function. L, 3, 10-13, 17, 22

Several factors may disturb the draining function

of the ostia, resulting in retention of secretions in the

maxillary sinuses: (1) swelling of the nasal mucosa,

leading to reduced patency ofostia, (2) reduced trans-

port capacity related to abnormalities of the cilia, in-

cluding quantitative reduction, retardation of move-

ment, and insufficient coordination of movement, and

(3) overproduction of secretions in the maxillary si-

nuses.':*:'®'>-’ The cross-sectional areaofthe ostium

is also the primary determinant of gas exchange in the
human sinuses.‘© Another factor in determinating
gas exchangeis the nasal airflow.'*:'° Sinus cavity air

exchangesare twice as fast during nasal breathing than

during oral breathing. ®
The hypersensitivity mechanism, that is, antigen-

antibody interaction with subsequent steps, occurs in

the nasal mucosa with various symptoms. Nasal ob-
struction caused by swelling of the nasal mucosa.is

one of these symptoms.!:*+"6 ‘The nasal mucosa edema
leads to an edematic obstruction of the nasal ostia,

decreased paranasal sinusciliary action, and increased

mucus production. The whole process then results in

the accumulation of mucus and gas in the sinuses,

with the subsequentthickening of the mucosal mem-

brane in the sinuses (edema and/orinfiltration), a
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TABLE Il. Changes in the maxillary sinuses mucosal membrane during particular types of NR

 

 

 

NR

INR ILRN DLNR NNR

Changesin maxillary sinuses (n = 11) (n = 15) (n = 6) (n = 5)

Increase in mucosal edema 10* IS 6 5:

Increase in opacification 8 11 6 1

Decrease in aeration 7 10 2 3

 

*QOne patient demonstrated no increase in mucosal edema, but a distinct increase in opacification and decrease in aeration was noted.

TABLEIll. Other diagnostic parameters related to NR with allergen

 

 

 

 

 

 

NR

INR ILNR DLNR NNR

Positive {n = 13) (n = 18) (n = 10) (n = 32)

Disease history 6 7 5 15

Skin test 9 12 6 18

RAST 6 1 4 4

Increased eosinophil count

Nasal secretions 10 12 7 4

Peripheral blood 8 9 6 1

TABLE IV. Other patient characteristics

Patients (n = 37) Increased Nonincreased

Total IgE in serum (PRIST)* 6 (2) 31 (6)

Blood eosinophil count? 13 (1) 24 (7)

Blood leukocyte count 1 (0) 36 (8)

Nasal responsiveness to histamine§ 12 (4) 25 (4)
 

*More than 500 IU/ml.

+More than 300 x 10°/L.

tMore than 10 x 10°/L.
§Less than 12 mg/ml (36 mmol/ml); numbers in parentheses refer to the eight patients with NNRs.

decrease in aeration, and an increase in opacification,

and sometimes the formation of an increased fluid

level and soft tissue mass.'? 10: 19/2527
Another mechanism that can be involved in the

developmentofsinusitis has been suggested by Slavin!

and Slavin et al.* These authors postulated that for-
eign particles that escape the filtering apparatus of the

nose can be trapped in the mucus of the sinuses. In

such a case, it might be possiblethat an antigen would

also pass the nasal barrier, would be trapped in the
maxillary sinuses, and cause an antigen-antibody in-

teraction with mediator release topically in the mu-

cosal membrane of maxillary sinuses.

The existence of these two mechanisms, both of

them resulting in the changes of the mucosal mem-

brane in the sinuses, could probably explain ourresults

and, likewise, our results could support the existence

of such mechanisms.
Thirty-two of 41 (78%) positive NRs to allergen

challenge were accompanied by radiographic changes

of the maxillary sinuses (Table I). In this case, des-
ignated by us as an “associated form” of maxillary

sinusitis, the hypersensitivity reaction is located pri-

marily in the nasal mucosa and leads to a secondary

response of the maxillary sinuses. This mechanism is

identical to that leading to the obstruction ofthe ostia

through the swelling of the nasal mucosa as noted by

other investigators." °°,
In contrast, during five of 32 (16%) negative NRs

to allergen challenge, the MSR was documented

(Table I). In such a case, called by us a “nonassociated

form’ of maxillary sinusitis, the hypersensitivity re-
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action (antigen-antibody interaction with subsequent

steps) takes place locally in the mucosal membrane

of maxillary sinuses, and the same organ develops the

clinical response. This mechanism may be similar to

that described by Slavin' and Slavin et al.” as “trap-

ping of foreign particles in the mucus ofthe sinuses.”

The relationship between allergic rhinitis and si-

nusitis is not only academically interesting but also

has important diagnostic and therapeutic use, and yet

the relationship has not been well studied.’ *** Al-

lergic rhinitis and sinusitis are frequently regarded as

two different disorders because ofdifferent etiologics,

Since sinusitis is assumed to be caused mainly by

infection with microorganisms.**!!
The use of the term “sinusitis” for a disorder caused

by an immunologic process does not appear to be fully

suitable. It would probably be better to speak of the

“sinus response” or “allergic sinusopathy.”’

From the practical point of view, someinvestigators
have tried to replace the radiographs of sinuses by

echography to reduce radiation exposure.” Unfortu-

nately, the echographic results have not yet been found

to be fully comparable with the radiography.Perhaps

a new technique, SPECT (single photon emission

computerized tomography), will offer a suitable al-
ternative in examining the maxillary sinuses without

unnecessary radiation.”*
In conclusion, the nasal mucosa and nasal allergy

may regularly play a role in changes of the mucosal

membrane in maxillary sinuses. The nasal challenge

with allergen, combined with radiographs of maxillary

sinuses, can be a useful diagnostic approach leading

to improved therapeutic opportunities.
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IMMEDIATE NASAL RESPONSE TO ALLERGEN CHALLENGE
CYTOLOGIC CHANGES IN THE NASAL SECRETIONS AND
HISTOLOGIC CHANGES IN THE NASAL MUCOSA

Z. Pelikan, and M. Pelikan-Filipek

Department of Allergology and Immunology
Institute of Medical Sciences "De Klokkenberg"
4836 AE Breda, The Netherlands

INTRODUCTION

Patients with nasal allergy may develop different types of nasal response to

challenge with an allergen, e.g. immediate (INR), late (LNR) or delayed (DYNR),! due to

different hypersensitivity mechanisms.!.2 The immediate nasal response having been
classically attributed to the immediate hypersensitivity mechanism (Type | allergy) has been

studied most frequently.2 However, some evidence recently has been provided for possible

involvementof other mechanismsin INR.!-3
The INR should be regarded as a clinical phenomenon defined by appearance of

nasal obstruction accompanied by other nasal complaints and changes within 2 h after
exposure to allergen, induced by complex mechanisms. The antigen-antibody interaction
leads to various changes andfurthersteps on various levels and to involvementof various
cell types, mediators and compounds, resulting in appearance of the INR.! The INR may
therefore be associated with various cellular, immunological, biochemical and biophysical

changes,e. g. in the nasal secretions (NS) and nasal mucosa.!-35
The purpose of this study, as a continuation of our previous work,!-5 was to

investigate: 1) cytologic changes in the nasal secretions (NS) simultancously with the
histologic changes in the nasal mucosa during the INR; (2) the kinetics and traffic of
particular cell types andtheir involvement in the INR;(3) the significance of such changes

for the INR, its mechanism and diagnostic approach.

Patients

Two hundred patients suffering fromallergic rhinitis, 117 of them developing INR
to challenge with one of the "inhalant" allergens (house dust, animal danders, pollen
species, D. pteronyssinus) correlating with positive history and intracutaneous(i.c.) tests
and 83 patients developing negative nasal responses (NNR) were randomly selected forthis
study, Nasal challenges were repeated with the same allergens as well as control challenges
with phosphate buffered saline (PBS). Cytological examination of the nasal secretions
(NS) was also performed in somesubjects. In 6 patients with NNRand in 12 patients with
positive INR, 6 of whom also received a PBS contro! challenge, the repeated challenge was
supplemented by biopsy of the nasal mucosa. The control tests with PBS were performed
3 days before the first NPT with allergen according to the same schedule, and the NS
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samples were processed in the same way as those obtained during the NPT with allergen
(see below).

Nasal Provocation Tests (NPT)

The NPTswith allergens as well as the contro] challenges with PBS were performed
by means of rhinomanometry (the so-called "Balloon method", which is a modification of

the posterior technique), described in detail in our previous papers.2-4

Nasal Secretions (NS)

Three series of NS specimens were obtained from the non-intubated nasal cavity by
having the patient blow onto a polyethylene sheet after every NPG recording, twice at
baseline and after PBS challenge and 7 times after the allergen challenge. The NS
specimens were processed, stained and evaluated according to the same techniques
described in detail in our previous studies.3.4

Biopsy Technique

Ten minutes after local anesthesia (1% xylocaine spray), the biopsy was performed
by means of cup forceps from the anterior part of the middle turbinate of the challenged
nasal cavity. The second biopsy was taken from the central part of the same turbinate. The
Ist biopsy was performed between 24 to 2 hours before the allergen challenge, while the
2nd biopsy was taken 30 minutesafter the allergen challenge (at the maximum of the INR).
The specimens were fixed in 10% buffered formaldehyde, dehydrated, embedded in wax,
sectioned and slides were stained with May-Grunwald-Giemsa.

RESULTS

The 117 positive INRs (p<0.01), 83 NNRs (p>0.25) and 200 PBS control
challenges (p>O.1) were studied. The differences between INR and NNR as well as
between INR and PBScontrols werestatistically significant (p<0,001) at all time intervals.
Nosignificant differences were found betweenthe first and the second INR (p>0.1), NNR
(p>0.05) or PBS controls (p>0.05).

Cytologic Examination of the Nasal Secretions (NS)

Positive Immediate Nasal Response (INR; n = 117). The presence ofthe
particular cell types in the NS and the changesin their counts are summarized in Table 1,
while the course of the changes is shown in Fig. |. No significant changes in the count of
any cell type were found between the baseline and PBS values (p>0.05), (a) Eosinophils
(ES) were present in NS in 85% ofthe positive INRs. Before challenge, the ES count was
low in 60%, moderate in 15% and high in 10%of the INRs. The positive INR was
accompanied by significant changes (p<0.05) in the ES count in 68% of cases. In most
INR cases, the count increased after allergen challenge and decreased during development
of the INR. (b) Neutrophils (NE) were present in NS in 71% of the positive INRs. Before
challenge, the NE count was low in 10%, moderate in 15% and high in 46%of the INR
cases. Their count demonstrated significant changes during 37% of the INRs (p<0.05).
The NE count decreased after the allergen challenge and increased slowly during the
developmentof the INR. (c) Basophils (BS) were recorded in NS in 16%, while mast cells
(MC) were observed in 4%of the positive INRs. The BS count decreased significantly

after the challenge during 13% ofthe INRs (p<0.05). while the count of mast cells did not
change. (d) Epithelial cells (EC) were present in NS in 68%of the INRs. The changes in

their count (slight increase followed by decrease), recorded in 9%of the INRs, were not
significant (p>0.05). (¢} Goblet cells (GC) appeared in NS in 57% of INR cases. Their
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Table 1. Presence of individual cell types in the nasal secretions and changesin their
count during the nasal response (in %).

 

Changes inthe cell counts between

Presenceofcells before and after the challenge
 

 

INR NNR PBS INR NNR PBS

Eosinophils 85 19 48 68* 5 3

Neutrophils 71 17 40 aT 3 0

Basophils 16 91 31 a 0 0

Epithelial cells 68 23 25 9 7 4

Goblet cells 57 13 11 16* 4 2

Lymphocytes 11 4 7 2 3 0

Mastcells 4 2 3 0 0 0

Plasmacells 7 2 3 0 0 0

Monocytes l 0 0 0 0 0
 

INR+immediate nasal response; NNR = negative nasal response; PBS = phosphate buffered saline (=control);

*=slatistically significant
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Figure 1. The positive immediate nasal response to allergen challenge (INR). ‘The mean NPG values and
the mean changesin the count of the individual types ofcells in the nasal secretions, were always calculated

fromall 117 positive immediate nasal response (FINR). I = initial value; PBS = phosphate buffered saline
value (scontrol); ALL = allergen challenge,

count increased significantly during 16% of the INRs (p<0.05). (f) Lymphocytes (LT)
were present in NS in 11%, plasma cells (PC) in 7% and monocytes (MT) in 3%of the
INR,without any significant changes in their counts (p>0.1).

The ES, NE, BS and MC found in NS before the allergen challenge were mostly
intact and without any intracellular changes. In most of the ES (76%), NE (70%), MC
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(4%) and BSs (16%), appearing in NS during the INR, degranulation and other cellular
changes (vacuolization, diminished intake of stain, wrinkling of cellular membrane,
sometimescellular disruption) were recorded.

Negative Nasal Response (NNR; n = 83). The appearance ofthe individual
cell types in the NS and the changesin their count are summarized in Table 1. The course
of these changes is presented in Fig 2. The NNR was accompanied by presence of
individual cell types in NS to a low degree and only in a minority of cases. The small

changesin the countofthe particular cell types in NS during the NNRswere statistically not
significant (p>0.05). The cells recorded in NS during the NNR wereintact and without any
intracellular changes.
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Figure 2. The negative immediate nasal response to allergen challenge (-INR). The mean NPG yalues and
the mean changes in the countofthe individual types of cells in the nasal secretions, were always calculated
fromall 83 negative immediate nasal response (-INR), [= initial value; PBS = phosphate bulfered saline
value (=control); ALL = allergen challenge,

PBS Control Challenge (PBS; n = 200). The changes in the count of
particularcell types, shown in Fig. 3. were not statistically significant (p>0.1).

Histologic Examination Of The Nasal Mucosa

Positive Immediate Nasal Response (INR; n = 12). Before the allergen
challenge (=baseline), the nasal mucosa was compact und did not demonstrate any
histologic or functional changes. [n the upper Juyer of the Jamina propria intact eosinophils,
tissue mast cells, neutrophils and lymphoeyies were recorded to a very slight degree (+).

During the positive INR. the following changes were recorded in the nasal mucosa(Figs. 4.
5): 1) inereased serous secretions: 2) enlarged ducti of mucosa! glands: 3) enlarged
intercellular spaces in the epithelium; 4) the basement membrane wasintact, 5) eosinophil
and tissue mast cell accumulation but notinfiltrates in upper layer of Jamina propria (30% of
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Figure 3. Contro) challenge with phosphate buffered saline (PBS). The mean NPG values and the mean
changes in the countof the individual cells types in the nasal secretions were calculated from all 200 control
challenges.
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Figure 4. Appearance ofthe particular cell types in the nasal mucosa tissue before and during the
immediate nasal response toallergen challenge (n=12).



 
Figure 5. Histology of the nasal mucosa during the immediate nasal responseto allergen challenge (NR).
{A)beforethe allergen challenge, (B)30 minutes after the allergen challenge = at maximum of the INR.

eosinophils and 80% of mast cells were degranulated) 6) dilated, but not disrupted,
capillaries and slight perivascular edemain lamina propria. These histologic changes were
of a "functional" and transient character, in contrast to those recorded during the non-

immediate nasal responses.°

Negative Nasal Response (NNR; n = 6). No significant histologic or
functional changes have been observed in the nasal mucosa before or after allergen
challenge in patients demonstrating the NNR. Only single intact eosinophils andtissue mast
cells were found in the subepithelial layer of the nasal mucosaafter allergen challenge.

PBS Control Challenge (PBS; n = 6). The histologic findings in the nasal
mucosa before as well as after PBS challenge were similar to those recordedin patients with

positive INRs before the allergen challenge.
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DISCUSSION

Cytologic examination of (NS)is a relatively easy and valuable technique for
studying kinetics of particular cell types and the changesin their count related to a certain

type of nasal response.!~4 However, this method is limited only to NS and does not
provide data concerning the histologic changes in the nasal mucosatissue, preceding the
appearance of the nasal response. Such information can only be derived from biopsy of
nasal mucosa. Onthe other hand, nasal mucosa biopsy has also somelimitations, technical
disadvantages and interpretation problems;e. g. the numberof biopsies is very limited,
traumaand bleeding occur, choice of local anesthetics may influence the results, etc.

The histologic findings in the nasal mucosa tissue and those in the NS during the
INR are only partly in agreement. The accumulation of eosinophils in the tissue was

preceded by their influx and increased count in the NS. The slight accumulation of mast
cells in the tissue was not preceded or followed by increased influx into the NS.
Surprisingly, the neutrophils were found in the tissue only sporadically, while they
appeared in NS in the majority of the INR cases and their counts showed significant
changes.

These results allow us to formulate the following hypothesis of the involvement of
particularcell types in the mechanism underlying the INR. The antigen-antibody interaction
activates the tissue mast cells (possibly also basophils), which then attract the eosinophils
into the tissue and stimulate their influx into the NS through their factors (ECF-A,lipid
chemotactic factor). During the influx into NS, the activated eosinophils release their
constituents that participate in the developmentof the nasal mucosa edema (major basic
protein, prostaglandins, leukotrienes) and in inhibition of mast cells, neutrophils and
histamine. Reaching the NS, the cosinophils are already degranulated and they become
immobilized, The maximum cosinophil accumulation in the NS is followed by the
maximum nasal mucosa edemaand nasal obstruction (= INR). At this time the role of
eosinophils as well as of mastcellsis finished, they gather in the tissue and do not migrate
further into NS. At the same time, regarding the decreasing influence of eosinophil
constituents, the inhibition of neutrophils also decreases, they become activated, and their
influx into the NS increases, During this process the neutrophils release a number of
factors participating in the inhibition of the previous effects of mast cell and eosinophil
factors and in diminishing of the nasal mucosa edema. However, additionalinvestigations
will be necessary to clarify the cellular kinetics accompanying the INR.
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LATE NASAL RESPONSE TO ALLERGEN CHALLENGE
CYTOLOGIC CHANGES IN THE NASAL SECRETIONS AND
HISTOLOGIC CHANGES IN THE NASAL MUCOSA

Z. Pelikan and M. Pelikan-Filipek

Department of Allergology and Immunology
Institute of Medical Sciences "De Klokkenberg"
4836 AE Breda, The Netherlands

INTRODUCTION

The purpose of this study was: |) to investigate the cellular traffic in the nasal
secretions (NS) and in the nasal mucosa during the late nasal response to allergen challenge
(LNR); 2) to compare the changes in the countof particular cell types in NS with those in
the nasal mucosa and in this way to study their kinetics, role and involvement in the LNR

mechanism(s); 3) to determine the significance of such changes for the LNR,its mechanism

and diagnostic approach.

MATERIALS AND METHODS

In 104 patients with allergic rhinitis developing positive LNR to challenge with
"inhalant"allergens (onset within 4-6 h, maximum within 6-12 h, resolving within 24 h)!.2,
correlating with positive history and intradermaltests and in 83 patients developing negative
nasal responses (NNR), the nasal challenges with allergens as well as 187 phosphate
buffered saline (PBS) control challenges were repeated and supplemented by cytologic
examination of NS. In 6 patients with NNR,in 12 subjects with positive LNR, 6 of which
also received a PBS controlchallenge, the repeated challenge was supplemented by biopsy
of the nasal mucosa 24 to 2 h before and at 6 hafter the challenge. The nasal provocation

tests (NPT) with allergens were performed by means of rhinomanometry (the "balloon
method", being a modification of the posterior technique), described in detail in our

previous work.'-+ The collection of the NS specimens, their processing, staining and

evaluation were similar to those described in detail in our previous papers.> The biopsy of
the nasal mucosa was performed 10 minutesafter the application of 1% xylocaine spray by
means of cup forceps from the anterior part of the concha media of the challenged nasal
cavity, while the second biopsy (at 6 h after the challenge) was takenfrom the central part of
the same turbinate. The specimens were fixed in 10% buffered formaldehyde, dehydrated,
embedded in wax, sectioned and slides were stained with May-Griinwald-Giemsa

technique.4
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RESULTS

The 104 positive LNRs (p<0.01), 83 negative responses (p>0.25) and 187 PBS
control challenges (p>0.05) were studied. Thestatistical differences between LNR and
PBS as well as between LNR and NNR weresignificantat all time intervals (p<0.01). No
significant differences were found between the first and second LNR (p>0.2), NNR
(p> 0.1) or PBS (p>0.1). The presence of particular cell types in the NS and the changes in
their counts during the late nasal response (LNR; n=104) are presented in Table 1, while the

course of the changes is shown in Fig. 1, The LNR was accompanied by significant
changesin the countofneutrophils in 84% (increase before, decrease during the appearance
and increase during the resolving of the LNR), eosinophils in 58% {increase before and
decrease during the LNR), epithelial cells in 73%(increase followed by decrease), goblet
cells in 63% (increase followed by decrease), basophils (and/or mast cells) in 8% and
lymphocytes in 6% (both of them increased slightly), in NS. In most of the neutrophils,
eosinophils, basophils and mast cells appearing in NS during the LNR,intracellular changes
(degranulation, vacuolization, diminished intake of stain, wrinkling of cellular membrane)

were recorded.
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Figure 2. The negative late nasal response to allergen challenge (-NNR), The mean NPG values and the
mean changes in the countofthe individual typesofcells in the nasal secretions were always calculated from
all 83 negative nasal responses (NNR). [= initial value: PBS = phosphate buffered saline value (= control);
ALL =allergen challenge.

Table 1. Presence of particular cell types in the nasal secretions and changes in their
counts during the particular nasal response (in %).
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Figure 1. The positive late nasal response to allergen challenge (+LNR), The mean NPG values and the
mean changes in the count of the individual types of cells in the nasal secretions, were always calculated
from all 104 positive late nasal responses (+LNR). I = initial value: PBS = phosphate buffered saline value
(=control); ALL = allergen challenge.

The appearance ef individual cell types in the NS and the changes in their counts
during the NNR (n=83) are summarized in Table 1, while the course of the changes is
presented in Fig. 2. The NNR as well as the PBS control challenge were accompanied by
presence of particular cell types in NS to a low degree and without significant changes in
their count (p>0.1) (Fig.3). The cells appearing in NS during the NNR and PBScontrol
were mostly intact and without anyintracellular changes.
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Presence ofthe cells

Changesin the cell counts between

before and after the challenge
 

 

INR NNR PBS INR NNR PBS

Eosinophils 61 19 49 58* 5 I

Neutrophils 96 17 45 84* 3 2

Basophils LS 9 10 &* 0 0

Epithelial cells 100 23 41 B 4 I

Goblet cells 82 13 35 63* 3 0

Lymphocytes 18 4 9 6 0 0

Mastcells 3 2 I 0 i) 0

Plasmacells 4 2 1 0 0 0

Monocytes | 0 0 0 () 0
 

LNR = nasal response; NNR = negalive nasal response; PBS = phosphage buffered saline (=control);
*sstalistically significant
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Figure 3. Control challenge with phosphate buffered saline (PBS). The mean NPG values and the mean
changesin the count of the individual cell types in the nasal secretions were calculated from all 187 control
challenges,

The histologic changes in the nasal mucosa during the LNR, as compared with the
"“pre-challenge baseline", represented slight tissue damage with inflammatory components
(Figs. 4, 5): 1) edematous and damaged epithelium; 2) enlarged intercellular spaces and
breachesin the epithelial layer; 3) some epithelial and goblet cells were expelled; 4) single
breaches in the basement membrane; 5) edematous sub-epithelial layer containing mixed
eosinophil-neutrophil infiltrates and single mast cells, basophils and monocytes; 6) dilated,
sometimes disrupted capillaries and perivascular edema in lamina propria. Nosignificant
histologic changes were recorded in the nasal mucosa during the NNR or PBS controls.

CONCLUSIONS

The positive LNR is associated with changes in the count of neutrophils,
cosinophils, epithelial and goblet cells in the nasal secretions, and with histologic changes in
the nasal mucosa tissue representing a slight damage of the tissue, which may be

reversible.!-+ These findings indicating the involvementofinflammatory componentin the
mechanism(s) underlying the LNR,differ from those recorded during the immediate nasal

response (INR) and represent "functional" changes only, without any tissue damage.>
These findings suggest different involvement of the particular cell types as well as

hypersensitivity mechanisms in the LNR, compared with those participating in the INR.25
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Figure 4, Apperanceofthe particular cell types in the nasal mucosa tissue before and during the late nasal
responseto allergen challenge (n=12).
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Figure 5. Histology of the nasal mucosa during the immediate nasal response to allergen challenge (NR).

(A) before the allergen challenge, (B)6 h after the allergen challenge (at maximum of the INR).
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THE LATE ASTHMATIC RESPONSE TO ALLERGEN
CHALLENGE—PART I

Z, PELIKAN, MD, FACA* and M. PELIKAN-FILIPEK, MD

Ofthe 251 patients with bronchial asthma, 61 (24%) developed 83 late asthmatic
(bronchus-obstructive) responses (LAR) to the bronchial challenge with allergen
(BP). The LAR began within 6 to 12 hours, reached its maximum within 4 to 8
hours, and resolved within 24 to 26 hours afier the allergen challenge. All LARs
were highly significant in comparison withthe control test (P < .01). The LAR
wasobserved either as an isolated late response ([LAR) in 35 cases (10%) or as a
dual late response (DAR) in 48 cases (14%), being a combination ofan immediate
(IDAR) and a late response (LDAR). The LAR demonstrated six basicpatterns.
The association ofLAR with other diagnostic parameters was asfollows: positive
disease history in 49 LAR cases (59%); positive late skin response (LSR) in 51
LAR cases (61%); increased total serum IgE in 17 LAR (20%); positive specific
IF. in the serum in 24 LAR cases (29%); increased serum concentration ofIgG in
55 LAR cases (66%), ofIgM in 41 LAR cases (49%), ofIgA in one LAR case
(1%); increased serum concentration ofIgG] in seven LARs (8%), ofIgG3 in 21
LARs (25%), ofIgG4 in 43 LARs (52%), the serum concentration ofIgG2 in-
creased in two LARs, while it decreased in 45 LARs (54%); increased blood
eosinophilia in 42 LAR cases (51%) and blood leukocytosis in 29 LAR cases
(35%), increased body temperature in 15 LAR cases (18%); appearanceoflate
bronchial complaints during 83 LAR cases (100%), and ofgeneral malaise com-
plaints during 67 LAR cases (81%). Increased bronchialreactivity to histamine
wasfound in 40 ofthe 61 patients with LAR (65%). The LAR demonstrated a
very good reproducibility and a significant dose-response relationship (P< .01).
The LAR occurring regularly in patients with allergic bronchial asthma can play
an importantrole in the bronchial complaints ofthese patients. We consider it
importanttofocus the routine diagnostic procedure in bronchial asthma pattenis
also on the LAR. The definite confirmation ofthe LAR should be provided by
bronchial challenge with allergen.

Abbreviations ILAR, isolated late asthmatic response
Asthma, bronchial asthma LAR, late asthmatic (bronchus-obstructive) re-
BP, bronchial provocation test (challenge) sponse
DAR, dual late asthmatic response LDAR, late asthmati¢ response being a part of the
FEV;, forced expiratory 1-second volume dual response
IAR, immediate asthmatic response NAR, negative asthmatic response

IDAR, immediate asthmatic response being a part of VC, forced vital capacity
the dual response

* Dr. Z. Pelikan is Director ofthe DepartmentofAllergology and Immunology,
Institute of Medical Scicnoes “De Klokkenberg,” Breda, the Netherlands.

Part of the study was presented in a preliminary paper at the XI[th Congress
of the European Academy of Allergology and Clinical Immunology; Rome,
September 25-30, 1983.
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Introduction

‘THE ALLERGIC COMPONENT involved in pa-
tients with bronchial asthma and chronic asthmatic
bronchitis has classically been attributed to the imme-
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diate hypersensitivity (Type I allergy) mechanism.'?
Patients with bronchial allergy, having been challenged
by allergen using BP, may develop different types of
asthmatic (bronchus-obstructive) responses.'~**?! The
IAR has been described by several authors and analyzed

extensively in our previous papers.*’”~° The other types,
so-called “non-immediate bronchial responses” were
also recorded by us, the LAR (bronchus-obstructive)
being one of them.**

Despite the fact that some investigators reported the
existence of LAR,!?°®'°-!5)®'7?° there is a dearth of
information concerning the clinical features of LAR
and its association with other in vivo and in vitro
diagnostic parameters. The pathogenetic and immu-
nologic mechanisms underlying LAR are notyet suffi-
ciently known. The involvement of the late hypersen-
sitivity (type III allergy) in LAR cannot, however, be
excluded. '6-#29.22-24

Late asthmatic response can play an important role
in the bronchial complaints ofsome patients with bron-
chial allergy and may be responsible for the failure of
the usual treatment in these patients. This type of
responseis often overlooked in practice.
The purpose of this study, being a continuation of

our previous studies,*~? was to investigate the frequency
andclinical characteristics of LAR, its association with
other in vivo and in vitro diagnostic parameters and to
contribute to the knowledge concerning the mecha-
nisms underlying the LAR.

Materials and methods
Patients
The 251 patients suffering from bronchial asthma

where an allergy component was suspected, were pre-
selected according to the following criteria, They were
all between 18 to 55 years of age and showed reversible
bronchial constriction alternating with symptom-free
periods. Their pulmonary functions did not demon-
strate any restrictive changes and they did not suffer
from chronic infections of the airways. These patients

had neverusedoral corticosteroids and had not received
any immunotherapy in the past. They were examined
by a diagnostic procedure consisting of: (1) general part
(performed once duringthefirst visit to obtain not only
general information on the patient but also to exclude
other disorders that might lead to bronchial complaints
and to exclude basic contraindications for BP with
allergens): disease history, physical examination, basic
laboratory tests, x-rays of the chest and sinuses, electro-
cardiogram, basic pulmonary functions, blood gases
estimation, bacteriologic examination of the sputum.
(2) Allergologic and immunologic part consisting of:
—skin tests,
—bronchialhistamine threshold (PD29),”**
—determination of the total IgE antibodies in the
serum (PRIST) and the specific IgE in the serum
(RAST)to the sameallergens as those used for the BP,
—determination of the IgM, IgA, IgG antibodies and
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IgG sub-classes (1, 2, 3, 4) in the serumby single radial

immunodiffusion (Mancini technique), and
—BPswith allergens recorded up to 56 hours after the
allergen challenge and supplemented by recording of
the leukocyte and eosinophil count, body temperature,
bronchial and general complaints before and up to 56

hoursafter the allergen challenge.

The allergens for bronchial challenges were chosen
mostly with respect to the disease history and/or the
skin tests and, in some exceptional cases, with respect

to the frequencyof the patient’s exposure to the partic-
ular allergen (Table 2).

The 61 patients who had developed LAR to the
challenge with one or more allergens are included in

this study. The dose-response relationship was investi-
gated in 36 cases of LAR (25 ILBR and 11 LDBR

cases) all of them demonstrating either distinctly posi-
tive skin response and/or a disease history that was
suspect for a very strong reaction to the particular
allergen. The pollen allergens and mites (2D. pteronys-

sinus) were used in dilution 1:1000, 1:100, 1:10 and, if

necessary, undiluted. The other allergens were used in

dilutions 1:10, 1:2 and, if necessary, undiluted, with

respect to the standard concentrationsfor the bronchial

challenge given in Table |. The sequence of the BPs
was from the lowestto the highest concentration, always
with a free interval of at least three days between
consecutive challenges. If the FEV, or both FEV, and
VC decreased by 50% or more during the BP, no
challenge with the higher concentration followed. In
another 20 patients developing a positive LAR (ten
ILBR and ten LDBRcases), the 20 bronchial challenges

Table 1. Survey of the Allergens Used for Skin Tests and Bronchial
Challenges
 

Concentration (per 1 mL of Co-
ca’s Solution)

——eeReeerrKrTr

Scratch and In- Bronchial Chal-

 

tracutaneous
Tests lenges

House dust 05 mg 5.0mg
Hairs and feathers mix* 0.25 mg 2.5 mg
Dog, cat, horse, cow danders 0.25 mg 2.5 mg
and hen, parrot, canary feath-
ers, each of them

Grasspollen mixt, spring pollen 1000 NU! 10,000 NUj|
eeweed pollen mix,§ each

m
Mites (Dermatophagoides pter- 10 NU 100 NU

onyssinus)
 

* Cat, dog, cattle, goat, hog, horse, rabbit, rat, mouse, hamster,
guinea pig, canary, goose, duck,turkey, hen, pigeon, parrot, in equal
Portions by weight.
t Dry weight percentage: Secale cereale 15%, Dactylis glomerata
15%, Lolium perenne 10%, Anthoxanthum odoratum 10%, Agrostis
alba 10%, Holcus lanatus 10%, Phleumpaene 10%, Cynosurus
cristatus 5%, and Alopecurus pratensis 15%.
aay weight percentage: Corylus avellana 20%, Alnus species 30%,

alis species 20%, Betula species 20%, and Myrica species 10%.
ay weight percentage: Artemisia vulgaris 33%, Rumex acetosa
%, Pla lanceolata 33%.

| : Pere Unit (NU) = 0.001 mg of dry pollen (powder) = 0.5 PNU =
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were repeated with the sameallergen 3 to 4 weekslater
to evaluate the reproducibility of the LAR.
AU BPs were performed during hospitalization of the

patients under standard conditions during which period
the patients were free from infections and manifest
bronchial complaints. No disodium cromoglycate,
aerosolized corticosteroids, or anticholinergics were
used by them during at least 4 weekspriorto the study.
No bronchodilators or other therapy was given during
the 48 hourspriorto this study. In the case ofthe FEV,
or both the FEV, and VC decreasing by 50% or more
during the BP, a single inhalation dose of 100 ye
salbutamolwas given to stop a further drop of FEV). If
the bronchial response required more extensive treat-
ment, the patient was excluded from the study.

Allergens
The dialyzed and lyophilyzedextracts (Allergen Lab-

oratory Diephuis, Groningen, the Netherlands) were
diluted in Coca’s solution (dry weight of allergen, in
milligrams of NU per | mL of Coca’s solution) and
used for the skin tests and bronchial challenges in
concentrations presented in Table 1.

Skin Tests

The scratch tests were performed and evaluated after
20 minutes. If they were negative, the intracutaneous
tests were carried out and evaluated after 20 minutes,
8, 24, 36, 48, 72, and 96 hours. The results of the
intracutaneous tests were interpreted as follows: (1)
immediate skin response = onset within 20 minutes
and disappearance within 120 minutes after allergen
injection and (2) late skin response = onset within six
to ten hours and disappearance within 24 to 36 hours
after the intradermal injection ofallergen.

Bronchial Provocation Tests
The BPs were performed by means of spirography,

recording the forced VC and the FEV;. The FEY; was
considered to be the indicative parameter for the as-
sessmentof the bronchial obstruction (bronchospasm).
The Coca’s solution (control test) as well as the

allergen extracts were inhaled in the form of an aerosol
administered to the patient by means of the Wiesba-
dener Doppel-Inhalator at an air flow of 10 L/min.
(The aerosol particles had a mass median diameter of
2.8 to 3.6 nw.)
The BP consisted of the following steps: (1) recording

of base values (“initial values”) at zero, five, and ten
minutes; (2) inhalation of the Coca’s solution for ten
minutes and then recording of the “Coca’s Solution”
values at zero, five, and ten minutes; (3) inhalation of
allergen aerosol for ten minutes (two X five minutes)
followed by recording of the parameters at 0, 5, 10, 20,
30. 45, 60, 90, and 120 minutes and then every hour
up to the 12th hour and every second hour during the
24th to 38th-hour interval and the 47th to 56th-hour
interval after the end ofthe challenge. The BPs were
evaluated according to the following criteria: (1) the
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decrease of FEV, or both FEV, and VC ofless than
10% with respect to the control values (initial and
Coca’s values) as negative, from 10% to 20% as doubt-
ful and of 20% (PD2,) or more as positive; (2) the
decrease of FEV; or both FEV; and VC within 60
minutes after the allergen challenge, recorded at least
at three consecutive time-intervals, was considered to
be a positive IAR (bronchus-obstructive). The FEV,
decrease within an interval of four to 24 hours after the
allergen challenge, recorded atleast at three consecutive
time-intervals, was considered to be a positive LAR
(bronchus-obstructive).

The Control Test with Coca’s Solution
This test was carried out in each of the patients

investigated, at least three days before BP with allergen.
The VC and FEV, were recorded up to 56 hours after
the inhalation of Coca’s solution. The control test was
considered to be negative when the FEV, changes did
not vary more than 5% + 2% (mean + SE) with respect
to the “initial values.”

The PRIST and RAST
Thetests were carried out by means of the standard

Pharmacia Phadebas RAST and PRISTkits. The grass
pollens were used for RAST as individual grass pollens
and not as a mixture. Even ifonly oneof the nine basic
grass types was positive, the RAST was considered to
be positive for grass pollen. The RAST was considered
to be negative for grass pollen if all nine grass pollens
were negative. The same criterion was used for the
spring pollen, weed pollen, flower pollen, and tree
pollen.

Single Radial Immunodiffusion (Mancini Technique)
The determination ofthe total serum IgG, IgA, and

IgM was performed by means of the standard plates
(Kallestad Co, USA) provided by “De Beer Immuno-
logic Supplies,” the Netherlands. The IgG subclasses
were determined by meansofthe plates prepared at the
author’s department, using antisera provided by the
Central Laboratory of the Dutch National Red Cross
Blood Transfusion Service (CBL, Amsterdam).

Bronchial Histamine Threshold
Bronchial histamine threshold was performed by a

serial inhalation of histamine diphosphate diluted in
physiologic solution (saline), starting with 0.25 mg/mL
(0.75 mmol/mL). The concentration of histamine was
progressively doubled until a decrease in FEV, of at
least 20% of the “initial value” had appeared or the
maximum concentration of 32 mg/mL (96 mmol/mL)
had been reached. The lowest concentration of hista-
mine, which produced a decrease in FEV, of 20% or
more, was called the “bronchial histamine threshold.”
The method used by the authors wasbasically similar
to the standard technique used by other investiga-
tors.**"* But one modification was introduced by the
authors, ic, a 1-hour interval was always inserted be-
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Figure 1. The mean percent changes in FEV, with respect to the
“initial FEV, values,” calculated from 48 dua) late asthmatic re-
sponses (A- --A), 35 isolated late asthmatic responses (C—O), and
116 control challenges with Coca’s solution (x- - -x).

hours. otter challenge

tween the two subsequent concentrations of histamine
in order to exclude the cumulationeffect.

Statistical Analysis
Theresults were statistically evaluated by means of

fitting polynominals to the mean curves over time (six
time points within 120 minutes and eight time points
between 6 to [2 and 22 to 28 hours after the allergen
challenge). The appropriate hypotheses were tested by
meansofthe generalized MANOVAmodel(generalized
multivariate analysis of variance model), proposed by
Potthoff and Roy.”’ The statistical analysis was per-
formed by means of the computer program described
byBerger,”® using a VAX 11/780 computer. A P< .01
was considered to be highly significant, P< .05 to be
statistically significant and P > .05 to be statistically
non-significant.

Results
Of the 356 BPs performed in 251 patients, the 83

positive LAR (24%) in 61 patients, and the 98 NAR
(28%) in 55 patients were recorded. The 83 positive
LARs, in comparison with the 98 NARs,are subject of
this study. The other types of bronchial responses, the
immediate asthmatic response (37%) as well as the so-
called delayed asthmatic response (12%), are the subject
ofother studies.
The LAR began within four to eight hours, reached

its maximum within six to twelve hours, and resolved
within 24 to 26 hours after the allergen challenge in
most cases (Fig 1). The LAR was observed in two forms,
either as an ILAR in 35 cases (10%) or as a DAR in 48
cases (14%), where at first an immediate response
(IDAR)appeared and then, after a symptom-free inter-
val of three to five hours, the late response (LDAR)
occurred.

Statistical Analysis ofthe Results
Hypothesis No. 1. The ILAR recorded in individual

patients (decrease in FEV, values) showed no mean
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trend (no significant changes). This hypothesis is re-

jected with P< .01.
Hypothesis No. 2. The IDAR, being a part ofthe

DAR, showed no meantrend (no significant changes
in FEV, values). This hypothesis is rejected with P <
OL.

Hypothesis No. 3, The LDAR,being a part of DAR,
showed no meantrend. This hypothesis is rejected with

P<.01.
Hypothesis No. 4. The Coca’s solution curves (FEV,

values) has no mean trend. This hypothesis cannot be

rejected (P > .05).
It can be concluded that all LARs (ILAR and LDAR)

as well as all IDARswerehighly significantly positive,
while all control curves (Coca’s solution) were signifi-
cantly negative.
The LARhas been recordedin six patterns as shown

in Figure 2, (1) The “flat form.” The FEV, decreased
quickly, remained stable for a longer time, and then
increased again quickly (29% of LAR cases). (2) The
“peak form.” This is similar to the “flat form,” while
an additional peak (an extra decrease ofFEV ;) appeared
duringtheflat interval, usually at the beginning, in the
center or at the end of this interval (45% of the LAR
cases). (3) The “zig-zagform.” After its quick decrease,
the FEV, demonstrated small changes (a so-called “zig-

zag” course) during the middle part, which lasted sev-
eral hours and was followed by a quick increase (13%
of LAR cases). (4) The “prolonged form.” The FEV,

decreased gradually, remained stable for a longer time
and then increased very slowly, sometimes exceeding

24 to 26 hours (5% of the cases). (5) The “step form.”
This was characterized by the step-wise course of the
FEV, changes during the decrease as well as the increase
phase (4% of the LAR cases). (6) The “reverse pro-
longed form.” In this form, the FEV, decreased very

© ® @

FE
Y)

de
cr
ea
se

° ° o

 

 

FE
V,

d
e
c
r
e
a
s
e ° ° °

    
“ 8 2 “ e R 4 6 12

fore wn mours

 

Figure 2. The survey ofthe six subtypes of LAR recorded.
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slowly and after reaching its maximum,increased very
quickly (4% of the LAR cases).

The Association of ithe LAR with Other Diagnostic
Parameters

This association is summarized in Tables 2, 3, 4, and
5. The following discussion is presented.

(1) The positive disease history to the same allergen
was found in 49 LAR cases (59%) (Tables 2 and 3) of
whichin 14 cases, all belonging to the ILAR,the disease

history wasindicative for the late onset of the bronchial
complaints (17% of the 83 LAR in total or 40% of the
35 ILAR). This correlation was found to be unsatisfac-

tory. No significant differences were found with respect
to the individual allergens.

(2) The skin tests. The immediate skin response to
the same allergen as that causing the LAR was found
in 33 DARs (69% of the 48 DARcases) and only in
seven ILARs(20% of the 35 ILAR cases). These results
indicate that the immediate skin response is related
predominantly to the immediate asthmatic response,
being a part of the DAR. Thesize of the skin response
recorded in the group of the 33 DARcases varied as
follows: a slight degree (+) in 13 cases (27%), a medium
degree (++) in 16 cases (34%), and a high degree (+++)
in four cases (8%). The correlation of the immediate
skin response and IDAR wasnot significant. No signif-

Table 2. Survey of the History, Skin Tests, and Exposure Frequency
Related to Particular Allergens*
 

 

tHistory + History— History+ §History —
+Skin —- Skin + Skin + Skin —

Late asthmatic re-
sponses

n=83 21 23 28 1
Negative asth-

matic re-
sponses

n=98 55 18 9 16
 

* Allergens were chosen for the bronchial challenges for the 83 late
asthmatic responses and 98 negative asthmatic responses according
to history, skin tests and exposure frequency.
+ History. This means the history was suspect for bronchial com-
plaints due to a certain allergen, generally without any specification
of the immediate or late onset of the bronchial complaints (this
specification is shown In Table 3).
+ Skin. This means late skin response. The appearance of an addi-
tional immediate skin response in all late asthmatic responses, as
well asin its individual t (isolated late responses, dual asthmatic
responses} is presented in Table 4.
§ In these cases, the allergen was chosen with respect to the high
frequency of the patient's exposure to this specific allergen.

Table 3. Disease History Related to the Allergen Causing the Late
Asthmatic Response

Role of Allergen in Disease History with Respect
to General Bronchial Complaints

 

Highly Probable Probable Unknown

LAR.n= 83 18(22%) 31 (37%) B4(41%)
With Respectto the Late Onset of Bronchial Com-

plaints
LAR, n = 83 5 ( 6%)" 9 (11%)" 69 (83%)
 

* These 14 cases of late asthmatic responses were all of the isolated
late type.
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icant differences were observed in the grade of the
immediate skin response with respect to the individual
allergens or with respect to the size of the IDAR. The
late skin response was found in 51 LAR cases (61%),
in 29 cases of LDAR (60% of the 48 LDAR), and in
22 cases of ILAR (63% of the 35 ILAR). Thesize of
the late skin response recorded could be divided as
follows: a slight grade (+) in 16 cases (19%), a medium
grade (++) in 15 cases (18%), a high grade (+++) in
19 cases (23%), and a very high grade (++++) in one
case (1%). The agreement ofthe LAR and the late skin
response wasnotsignificant. Nosignificant correlation
was found between the size of the late skin response
and the size of the LAR.

(3) The concentration of the total IgE antibodies in
the serum (PRIST) was increased significantly (>500
IU/mL) in only 17 cases of LAR (20%), 16 of them
belonging to the DAR and onecase to the ILAR.This
result suggests a possible relationship of the PRIST to
the IDAR, although this relationship was notstatisti-
cally significant. No significantdifferences were found
in the PRIST results with respect to the individual
allergens used,

(4) The specific IgE antibodies in the serum (RAST)
to the same allergen as that causing the clinical asth-
matic response was significantly positive (Pharmacia
score grade 3 or 4) in 24 LAR cases (29%), 22 ofthem
were DARs (IDAR + LDAR) and only two were IL-
ARs. Nosignificant differences in the RAST results
were found with respect to the individual allergens,
although the RAST for grass pollen and cat danders
wereslightly more frequently positive than for the other
allergens.

(5) The serum concentration ofthe total IgG antibod-
ies was increased in 55 LARcases (66%) of which 25
were ILARs (71% of the 35 ILAR) and 30 were LDAR

(63% of the 48 LDAR). The total IgM antibodies were
increased in 41 cases of LAR (49%), in 19 ILAR cases
(54% of the total ILARs), and in 22 cases of LDAR
(45% of the total LDARs). The total IgA antibodies
were increased in one ILAR case (1%). No significant
differences were observed in the increase of the serum
concentration of individual antibodies with respect to
the individual allergens causing the LAR.

(6) The serum concentration of the individual IgG
subclasses was found as follows: IgG1 was elevated in
seven LAR (8%), in four ILAR and three LDARcases.
IgG3 increased in 21 LAR (25%), in 13 LDAR, and in
eight ILARcases; IgG4 waselevated in 43 cases ofLAR
(52%), 25 of which were ILAR and 18 were LDAR.
The IgG2 antibodies were elevated in only two cases of
LDAR,while they decreased significantly in 45 LAR
cases (54%), in 30 ILBR cases and in 15 LDARcases.

(7) The blood eosinophil count increased (more than
300 x 10°/L) in 30 (36%) and decreased in 23 (28%)
LAR cases and the blood leukocyte count increased
(more than 10 x 10°/L) in 16 LAR cases (19%). No
significant differences were found in blood eosinophilia
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Table 4. The Association of the Late Asthmatic Response (LAR) and the Negative Asthmatic Response (NAR) with Other Diagnostic

 

 

Parameters

Allergen and Bronchial Response-Related LAR Isolated Late Re- Dual Response NAR
Parameters n=83 sponse n = 35 n= 48 n=98

Positive skin re: se
Immediate ay 40 7 33 28
Late 51 22 29 4

Increased total in the serum (PRIS: 17 1 16 9
Positive specific IgE in the serum (RAS 24 2 22 17
Incteased concentration in serum
Total IgG 55 25 30 2
1gG1 7 4 3 1
\gG2* 2 0 2 0
IgG3 21 8 13 1
IgG4 43 25 18 0
otal IgM 41 19 22 0

Total IgA 1 1 0 0
Increase in blood eosinophils/leukocytes 30/16 13/9 17/7 10/3
Increase in body temperature (more than 37 °C = 98.6 °F 16 W 4 0

axillary)
Appearance of bronchial complaints 83 35 48 1
General malaise complaints 67 31 0
Thorax x-rayt 11/7 9/6 aft 4/0
Auscultation

Crepitation 44 28 16 0
Bronchioli effect 29 21 8 0

Patient-related Parameters LAR menents NARSo
a= n=

Increased bronchial reactivity to histamine 40 §2
 

* ee in the serum decreased in 45 LAR cases (54%) and that in 38 isolated late responses andin 15 late, being part of dual responses.
t {appearance or increase of pronounced bronchovascular markings.

Table 5. Survey of Bronchial and General Malaise Complaints

 

 

 

Acco! ing Late Asthmatic Response (LAR) and Negative
Asthmatic Response (NAR)

LAR NAR
n=83 n=98

0 72 (86.7%) 0
heezing 80 (96.4%, 0

Cough 3 (3.6%) 13 (13%)
Productive 0 (0%)
Non-productive 3 (3.6%) 13 (13%)

Expectoration 0 (0%) 0
ick sputum 0 (0%) 0

Thin sputum 0 (0%) 0
Pressure on the chest 67 (81%) 2 (2%)

hills 35 (42%! 0
Tiredness 67 (81%, 8 (8%
Weakness 61 (73%, 5 (5%)
Headache 49 Bas 9 (9%)
Acral cyanosis 2 (2.4
Nasal obstruction 1: (1.2%) 3 (3%)
Eyeirritation (conjunctivitis) 1 (1.2%) 1(1%
Angio-neurotic edema 8 (9.6%,
Pressure in the sinuses maxill. and 6 (7.2%) 3 (3%)

front.
Acute skin eruption (exanthema,urti- 9 (10.8%) 0

caria, rush)
Gastrointestinal complaints 2 (2.4%) 0
Tachycardia 5 (6.0%, 0
Bradycardia 1 (1.2%) 0
Blood pressure

Increase 4 (4.8%) 0
Decrease 1 (1.2%) 0
 

or leukocytosis with respect to the individual allergens
or with respect to the type of LAR (ILAR or LDAR).

(8) The body temperature increased (more than
37°C = 98.6 °F axillary) during 15 cases ofLAR (18%),
belonging mostly to the ILAR.

(9) All cases of LAR (100%) were accompanied by
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the late appearance of bronchial complaints (Tables 4
and 5) in which dyspnea and wheezing dominated.
General malaise complaints were observed during 67
cases of LAR (81%), of which 31 were ILARs and 36
were LDARs(Tables 4 and 5). No differences were
observed in the appearance of bronchial or general
malaise complaints with respect to the individual aller-
gens.

(10) Thorax x-ray was performedin 11 cases ofLAR
before and repeatedly after allergen challenge. In seven
of the 11] LAR cases the bronchovascular markings
increased significantly during the period of six to 24
hours after the allergen challenge.
The increased bronchial reactivity to histamine

(PD) or so-called decreased bronchial histamine
threshold was found in 40 of the 61 patients with LAR
(65%) (as shown in Table 4). The normal value of the
bronchial histamine threshold is higher than 32 mg/
mL (96 mmol/mL), The increased bronchial reactivity
to histamine was found to a low degree (up to 48 mmol/
mL)in 13 patients (21%), to a moderate degree (up to
24 mmol/mL) in 22 patients (36%), and to a high
degree (less than 24 mmol/mL) in five patients with
LAR (8%), In 21 patients with LAR (35%), no in-
creased bronchial reactivity to histamine was recorded
although the histamine challenge was repeated twice,
with an interval of 4 weeks between both challenges.
Nosignificant differences were found in the frequency
or in the degree of the increased bronchialreactivity to
histamine with respect to the individual allergens caus-
ing the LAR,or with respect to the appearance orsize
of both the types of LAR, namely [LAR or LDAR.
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The reproducibility of LAR measured by spirography
was found to be very good. In 19 of the 20 patients
with LAR in whom the BPs were repeated, the varia-
tions in FEV, values between the first and second
challenges, being 5% or less, were statistically non-
significant (P > .05). In one case of LDAR,the FEV,
values varied significantly (? < .05).
The correlation between the allergen dose and the

size of the LAR the dose-response relationship, was
statistically significant in 32 of the 36 LAR cases (P<
.01). In four cases (three ILAR and one LDAR), two of
them due to house dust and two to grass pollen, the
dose-response was notsignificant (P > .05); the FEV,
value variations were 23% or more.
The 55 patients who did not demonstrate any kind

of bronchial response during the 98 BPs, therefore
called NAR. were considered a control group. The
review ofthe other diagnostic parameters found in these
patients is presented in Table 4, in comparison with
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those found in patients with positive LAR. The finding
of the positive immediate skin response in 28%, of the
positive late skin response in 4%, increased total serum
IgE antibodies in 9%, and positive specific IgE antibod-
ies in the serum in 17% of these patients did not
correspond with the fully negative bronchial response.
These results could therefore be interpreted either to be
possibly related to other allergic reactions, occurring in
other organsof the body besides the bronchial mucosa
and tree, or possibly be false positive results. The NAR
was not accompanied by bronchial complaints at all.
In some cases, however, general malaise complaints
and response of other organs were observed (Table 4).
In the majority of these patients (52 of 55 = 95%), the
distinctly increased bronchial reactivity to histamine
(decreased bronchial histamine threshold) was found.

ANNALS OF ALLERGY

THE LATE ASTHMATIC RESPONSE TO ALLERGEN
CHALLENGE—Part II

Z. PELIKAN, MD, FACA and M. PELIKAN-FILIPEK, MD

The views on the pathogenetic and immunologic mechanisms presumably involved
in the late asthmatic response (LAR) vary. Some investigators suggested the role
oflate hypersensitivity and IgG antibodies. Other authors assumedtherole ofthe
immediate hypersensitivity, mediated by IgE antibodies, with involvement ofmast
cells (and/or basophils). Another group of investigators assume that non-specific
hyperreactivity could contribute to the development ofthe LAR. Finally, other
investigators assumed that various combinations and modificationsofestablished
types ofhypersensitivity mechanisms could be involved in the LAR.

In theliterature, there is a large quantity of various information, results, and
hypotheses concerning the late asthmatic response which are, however, often con-
troversial. The authors attempted to summarize the hypotheses andfacts concern-
ing LAR and to compare them with the results oftheir study in order to better
understand LAR.

Abbreviations

BP, bronchial challenge
IAR, immediate asthmatic response

ILAR, isolated late asthmatic response
LAR, late asthmatic response
LDAR,late asthmatic response being a part of the dual

response,

Introduction

BroncuiaL PROVOCATION TESTS WITH AL-
LERGENare becoming recognized as one of the most
important in yivo diagnostic parameters for the detec-
tion and confirmation of the role of the allergic com-
ponent in patients with bronchial asthma and chronic
asthmatic bronchitis. !-9!2!31618,20,22,25,26,29-33 The BP js
performed directly at the site of the antigen-antibody
interaction leading to the bronchial response, which is
quantitatively recorded. The BP is therefore a more
sensitive and reliable techniquefor the detection of the
allergic reaction and its clinical consequences than
some single in vitro or in yivo tests performed on the
other organs (eg, skin tests). Further, BP is a more
dynamic technique, recording the clinical event during
its development, than an only once-performed “static
measurementim vitro.” BPs, despite their high diagnos-
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tic value, require certain special conditions and have
some limitations, relative disadvantages, and contrain-
dications that have been discussed already in our pre-
vious paper concerning the IAR.?
The bronchial response to the allergen challenge can

be of various types. Besides the [AR, the non-immediate
bronchial responses were also observed, the LAR being
one of them. The results of the present study describing
the LAR,its clinical features and relationship with other
in vivo and in vitro diagnostic parameters are in accord-
ance with the results of our preliminary studies,”* as
well as with other investigators, "2279"? Although a
number of papers concerning the LAR have already
been presented, the exact pathogenetic and immuno-
logic mechanisms underlying LAR have not yet been
satisfactorily clarified.

Late Asthmatic Response ys Late Type Hypersensitiy-
ity

A difference should be made between LAR and the
late type of hypersensitivity (type III allergy, Arthus
reaction, immune complex state). The late hypersensi-
tivity is a well-defined immunologic mechanism, char-
acterized by involvement of IgG and possibly also IgM
antibodies, forming immune complexes and resulting
in the complex inflammatory reactions leadingto tissue
damage.**?75® The LAR should be regardedas clinical
phenomenon, defined by the appearance of the bron-
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choconstriction, accompanied by other symptoms and
changes, within four to 12 hours after the allergen
challenge (antigen-antibody interaction), which could
be induced by a complex mechanism.**"*6 Although
the pathogenetic and immunologic mechanismsleading
to LAR could probably be different, the late type of
hypersensitivity should be regarded as one of the pos-
sible mechanisms involved in the clinical LAR, but far
from the only one.

Late Asthmatic Response

There is no doubt of the existence of LAR, which
has been repeatedly demonstrated and confirmed by
several investigators, :°®10-'2.13.1617.20.31-33 The views on
the pathogenetic and immunologic mechanisms, pre-
sumably underlying clinical LAR, however, vary highly.
Some investigators suggested the involvement of the
late hypersensitivity and IgG antibodies in the LAR.'
8.19.22-24,30,34,40.48.49.5 Other investigators suggested that
the immediate hypersensitivity, mediated by IgE anti-
bodies with involvement of mast cells (and/or baso-
phils), may play the main role in the LAR. '0171525393
Another group of authors presented a hypothesis that
the non-specific bronchial hyperreactivity pla an im-
portant role in the development of LAR.'*3**° Other
investigators presumed that various combinations and
modifications of the above-mentioned mechanisms
could be involved in LAR.!3:14:17,20,31,36,37,41,42,44,96,47,50,52

Literature Review ys Our Results
There is a variety of controversial information, re-

sults, and hypotheses in the literature trying to explain
the clinical phenomenon of LAR. We decided to sum-
marize the known facts and hypotheses concerning the
possible mechanismsthat may be involved in LAR and
to combine them with the results ofPart I ofthis paper.
The summary is presented in schematic form in Figure
1. The main reason for such a schedule wasto outline
the main possible relationships and interactions be-
tween the individual parts of the immunologic system
andcells involved. The effects of the individual media-
tors, intermediators, precursors, and derivates are not
included in detail in this diagram.

Generally, in systemic late hypersensitivity (Type If
allergy, Arthus reaction, immune complex state), cir-
culating antibodies of the IgG and possibly also of the
IgM class (presumed to play a majorrole) interact with

the circulating antigens in the blood stream orin the
vascular wall, sometimesalso in the tissue, and in this
way form immune complexes, "7743348515354 Tm-
mune complexes then activate the complement
cascade**> (especially C3a, CS5a, C5b, C6, C7) with
subsequentactivation of the blood clotting and kinin
systems,** release of lysosomal enzymes, vascular
permeability factors, LTBy,**° and other factors’**°*’
(eg, PGE2) from the polymorphonuclear neutrophil
leukacytes?>374!>8plus release of vasoactive amines,
lysosomal enzymes, and otherproteins and factors from
the platelets*>“*"**-°-- and activation of the eosino-
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phils.°>5""-"> These factors, as well as platelets and
neutrophils themselves””"® may be involved directly or
indirectly in the development of a complex of various
inflammatory reactions typical for the type II
hypersensitivity***53*® and leading to the tissue
injury, sometimes also tissue damage*?*5** (Fig 1,
pathway No.2).

Someinvestigators reported the findings of immune
complexes in the patients with allergic bronchial
asthma.'*???*® We were, however, unable to find any
satisfactory investigation concerning the immune com-
plex in patients demonstrating the LAR,in thelitera-
ture. The changes in the concentration of the IgG and
IgM antibodies and the IgG subclasses in the serum,
sputum, and in the bronchial mucosal membrane; the
changes of the chemical mediators, their precursors,
derivates and metabolites: the changes of the comple-
ment system parts and of the individual types of cells
possibly participating in the systemic type oflate hy-
persensitivity have, in our opinion, not yet been suffi-
ciently investigated in patients with LAR and require
further study.
The IgG and possibly also IgM antibodies are pre-

sumed to play a majorrole in the forming of immune
complexes after their interaction with the anti-
gen,!*5-384651.93°4 gecurring in the blood stream or in
the vascular wall and sometimes also in the tissuc. The
IgG antibodiescan also directly activate the eosinophils
through their membrane IgG receptors,4042549997.70.75
stimulate macrophages,’*’ neutrophils,*2°457:75.77-7
and platelets.**°*""*' IgG and possibly also IgM anti-
bodies are suspected to be responsible for the late
hypersensitivity mechanism,'"** Such a presumption
could be supported by our results, demonstrating an
increase in the serum concentration ofIgG during 66%
and of IgM during 49% of the LAR cases.
With respect to the IgG subclasses, we found a sig-

nificant increase in the serum concentration of IgG4
during 52% of IgG3 during 25%, and of IgG1 during
8% of LARs, while IgG2 increased in only 2% but
decreased during 54% of LAR cases. These results are
partly in agreement with the findings of other authors
who performed bronchial challenges and concluded
that IgG4 antibodies could be involved in late onset
bronchial reactions in patients with bronchial asthma
with negative prick test and without specific serum [gE
antibodies.?”"? Homburgeret al*’ found significantly
higher concentration of IgG4 antibodies in the serum
of patients with bronchial asthma or with “inflamma-
tion of the airways” than in normal control subjects.
Stanworth,** Nakagawa et al,°*? Goodwin,®' and
Perelmutter®* suggested the possible involvement of
1gG4 antibodies in the hypersensitivity states. The exact
mode of this involvement is, however, nat yet fully
clarified. The questionofthe role of the individual IgG
subclasses in bronchial asthma and especially in the
LAR would become more complicated if some inves-

ANNALS OF ALLERGY

LATE ASTHMATIC RESPONSE — PELIKAN ET AL

tigators’ suggestion of the existence of the allergen-
specific IgG subclasses were to be confirmed,?*?°
The decrease oflgG2 antibodies during 54% of LARs

was anotherinteresting finding ofthis study. We do not
have a clear explanation for the exactrole of the IgG2
antibodies in the LAR as well as for their decrease
during the LAR. Onthe other hand,a possible involve-
ment ofthe IgG2 and their changes during LAR cannot
be excluded,*’ The exact involvementandsignificance
of the individual IgG subclasses for the hypersensitivity
mechanism, not only of the immediate type, but also
of othertypes,is still uncertain and controversial.*? The
changes in the IgG subclasses during LAR that we
observed could implicate the possibility of differen-
tiated involvement of individual IgG subclasses in the
interaction with antigen and in LAR. Our results do
not confirm the involvement of IgG as a uniform
complex antibody.

Besides the classical conception of presumed IgG
antibody involvement (and possibly also [gM) in the
late hypersensitivity mechanism by forming immune
complexes, other possible pathways and involvement
of IgG in LAR might also be considered. Henson et
al’*’8-798! Rabellino and Metcalf,®* and Hong”reported
the existence of membrane receptors for IgG antibody
on the neutrophils, and IgG-Fe receptors on plate-
lets.’7°! Kay ct al,42°""758° Walsh et al*? and Henson et
al*' demonstrated that eosinophils and neutrophils pos-
sess membrane receptors for IgG1, IgG2, IgG3, IgG4,
and certain complement componentsincluding C3, Ca,
and Cs,. They concluded that “IgG (Fc) and Cy/C
receptors can be enhanced following prior exposure to
chemotactic factors, suggesting that even as phagocytic
cells are migrating in response to “chemotactic factors,
including those released from the mastcell, they are
becoming more effective participants in the inflamma-
tory reaction.” They also provided evidence for the
activation of inflammatory cells by antigen challenge
in asthmatic subjects. This activation leads to an in-
crease in the number of neutrophil C3, and IgG (Fe)
rosettes. Welsh and Kay” demonstrated the binding of
homologous IgG subclasses on human neutrophils and
eosinophils, Their findings suggest a hypothesis that
IgG interacting with an antigen can activate directly
neutrophils and platelets without forming immune
complexes (Fig 1, pathway No. 4). This suggestion
would explain why no immune complexes were found
in somepatients with LAR.
On the other hand, Ishizaka and Ishizaka,”? Nach-

man and Weksler,®® Smith and Goetzl,® Parish,?! Nak-
agawa and De Weck,** Stanworth,®* Goodwin,” Grant
et al,” Coble et al,”* Lakin et al,** Faganet al,?> and
Vijay and Perelmutter®® provided evidence for the ex-
istence of the IgG receptors on the membrane of mast
cells, besides the already repeatedly demonstrated IgE
receptors on basophils.”’ Other investigators reported
the presence of IgG subclass receptors on the human
mast cells and basophils, namely for IgG4**3"*"" and
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for IgG2.6*-"387949698 These observations led other
authors**** to propose a hypothesis that IgG or some
of the IgG subclasses, interacting with antigen, might
act directly on the mastcell (and/or basophil) and result
in the release of their mediators (Fig 1, pathway No.3).
The degranulation of mast cells (and/or basophils), the
release of the mediators and other factors, and the
further steps induced by them pass by different path-
ways and modifications. If this suggested pathway (No.
3) should later be confirmed, then the significance of
the mast cell (and/or basophil) for LAR will be evident.
The mast-cell pathway would probably signify an im-
portant contribution to the explanation of the mecha-
nism underlying LAR, and especially DAR, as well as
of the pharmacologic effects of disodium cromoglycate
on LAR.This pathwaycould probablyalso clarify the
results of Part I of this study, which demonstrated a
lack ofpositive specific IgE antibodies in serum (nega-
tive RAST) andthe significant increase in serum IgG
as well as changes in the individual IgG subclasses in
most of the patients developing LAR. Ourfinding of
the negative RAST (absenceofthe positive specific IgE)
in the serum during most cases of LARis in agreement
with the similar results of Zweimanet al.'*!

Nevertheless, our findings of an increased serum
concentration oftotal IgG antibodies and the changes
in the individual IgG subclasses during a large number
of LAR (while the positive specific IgE antibodies in
the serum were found in only a small number of LAR)
might suggest a possible involvementofIgG antibodies
in the LAR.From this point of view our results are in
agreementwith the conclusionsof Pepyset al!’ as well
as with the results of our previous studies.**

Another of our findings demonstrated positive spe-
cific IgE in a small number of patients (6%) but an
increased concentration ofIgG in a high number(71%)
of the ILARs, while in the case of the DARthis differ-
ence was distinctly smaller, positive specific IgE in 46%
and increased IgG in 63%. This could suggest the
possibility ofinvolvement of different mechanisms in
ILAR and in DAR. The exact kind of involvement of
the IgG in the LAR and appropriate pathway(s), either
through the immune complexes or through the baso-
phils/mast cells or finally, through a modification of
these still remains unclarified. From another point of
view, our results cannot support a univocalrole of the
IgE antibodies in the LAR as suggested by other inves-
tigators,!9!41419:52:39:49,45,99

Apart from the LAR, this suggested role of IgG
antibodies acting directly on the mast cell (and/or
basophils) would also contribute to the explanation of
the findings of increased IgG antibodies in the serum
(IgG-STS) in some patients with bronchial asthma due
to immediate hypersensitivity described by Etievan et
al,*° Parish,”’ Pepys ct al*? and Bryant et al.>*!% Such
a mechanism would also explain the results of some of
our previous studies, in which only 30% of the patients
developing an immediate asthmatic response to allergen
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challenge also demonstrated the positive serum RAST
to the sameallergen.‘
On the other hand, the possibility also exists that the

IgE antibodies, besides their role in the immediate
asthmatic response due to immediate hypersensitivity
(type ] allergy), 36,39,41.43,74,98.99, 101,103,104, 106 could also be

involved in the late hypersensitivity mechanism (type
II] allergy) and in LAR, as has been suggested by some
investigators, '\!012:14.15.20,30,32,38,44,47.85.102,1 5 Cochrane et

al,3"°* Henson,” and Froese,”’ provided evidence that
IgE in animals may act as the essential trigger for the
increased vascular permeability, which promotes the
vascular localization of immune complexes. It has also
been suggested that human IgE may have a similar
role*>*?"* (Fig 1, pathway No, 9). These proposed path-
ways, however, may signify the existence of immune
complexes being affected by IgE, either directly or by
meansoftheir triggering effect for increased vascular
permeability through the neutrophils and platelets as
well as by the mediators (PAF, NAF) released from
basophils after the IgE-antibody interaction has oc-
curred on their membrane. Schleimer et al*>”? con-
cluded that the induction of the late phase appears to
be dependent both on IgE signals and on mast cells.
The actual causative factors on the late phase, once
cells have migrated into the tissue are, however, unclear.
Wasserman" and Atkinsctal!” suggested thatthe late
phase bronchial response maybe attributed to the high-
molecular weight neutrophil-specific chemotactic fac-
tors (HMW-NCF)and neutrophil chemotactic activity
being released from mastcells and/or basophils during
the carly phase. Metzger et al!° observed changes in
specific IgE during the LAR correlating with symptoms.
Solley et al'®’ and Dolovich et al”° suggested the pivotal
role of the IgE antibodies and mast cells in the imme-
diate and the late phase of the skin reactions. There is,
however, no unequivocal evidence that the late phase
of reaction in the skin is fully comparable with that in
the bronchial tree?'*'***'°" or in the nasal mu-
cosa.'’*''? Furthermore, there is some evidence against
such a Comparison: ':9-8:13:22 20314710800 Durham et

al,!? Kay,** and Nagyet al''? (in agreement with other
authors'*!>794!4344-1.9) concluded that the mast cell-
associated mediators are probablyinvolved in thepath-
ogenesis of LAR. Other evidence found by Kay“ sug-
gests that LAR might be associated with re-activation
of the mastcells, since an elevated serum concentration
of neutrophil chemotactic factor was observed during
the late phase asthmatic reaction. Atkins*’ concluded
that responsibility of IgE-mast cell interaction for the
late phase bronchial responses seems unlikely. The
proposed biphasic mastcell activation should, however,
be taken into consideration. In contrast to the above-
mentioned suggestion of a possible role of IgE antibod-
ies in LAR,the results of Part I of this study, cannot
confirm this suggested role of IgE. Our contradictory
results are supported by results of other investiga-
tors.'?3!424! |am et al? did not find any correlation
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between the specific IgE and the LAR. Zweiman et
al'**! did not observe an increased titre of antigen-
specific IgE in the serum of patients during the LAR.
Walsh et al® demonstrated that neutrophils and eosin-
ophils were able to bind only the IgG subclasses but
not IgE antibodies, which observation partly contradicts
the action of IgE on the neutrophils proposed above
(Fig 1, pathway No. 8).
Another mode of possible involvement of IgE anti-

bodies in the late hypersensitivity has been suggested
by Brostoff et al''? in patients with food allergy. These
patients provided evidencefor the ability of IgE to form
immune complexes with food antigens. Such a mech-
anism has only been demonstrated after the ingestion
of foods. Although the comparable involvement of the
IgE antibody through the immune complexes to the
inhalation allergens in the respiratory tract has not yet
been demonstrated, it cannot be fully excluded, espe-
cially in the case of the LAR, Seen theoretically, such
an involvement might then be approximately compa-
rable with pathway No. 9 in Figure 1.

In the case of late hypersensitivity, neutrophil leu-
kocytes and platelets may play a pivotal role. Neutro-
phils contain and release or generate a number of
factors, such as kinin and kinin system factors, lysoso-
mal enzymes, vascular permeability factors, comple-
ment activating factor generating C5a,°*"775353 6.64
prostaglandins (PGE;),*°°? thromboxane A:,” and
some other factors.*°4"°3*8-%-"4 The neutrophils could
also produce some of the mediators such as those
released by activated mast cells/basophils during the
immediate hypersensitivity, eg, neutrophilic ECF-
A.%768 SRS-A, leukotrienes (LTBy),°°possibly also
LTC, and LTD,,*'? 5-HETE,® and LTE,."'

Neutrophils could be activated, not only by immune
complexes***75869 but also by complement

57542-75889 by neutrophil chemotactic factor gen-
eralized by mast cells and basophils,** by prostaglandins
(PGE, enhances, while PGF)« inhibits the neutrophil
chemotaxis)*’ and by increasing cGMP and decreasing
cAMP. The neutrophils could probably also be directly
activated by antigen® and by IgG antibodies since the
IgGreceptors on their membrane were demonstra-
ted.”*’? Zweimanet al’! found a significant increase
in neutrophil chemotactic activity in the serum after
the bronchial challenge with allergen, in patients devel-
oping a positive LAR. Durhametal’? found signifi-
cant increase in the neutrophil chemotactic activity,
monocyte and neutrophil complement rosettes during
the LAR, but not during the methacholine-induced
bronchoconstriction. Atkins and Wasserman'® have
emphasized the significance of neutrophil chemotactic
activity in serum for the early as well as the late asth-

matic response. Kay“® concluded that the pathogenesis
of the late reaction is incompletely understood and
discussed three possible mechanisms which could be
involved in LAR: “(1) the LAR is an example of type
Ill or Arthus response with neutrophil infiltration re-
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sulting from the generation of chemotactic factors, fol-
lowing activation of complement by immune com-
plexes; (2) LAR might be associated with re-activation
of mast cells, since elevated serum concentration of
neutrophil chemotactic factor was observed during
LAR; and (3) the leukotrienes, prostaglandins and
thromboxanesplay a role in LAR as these mediators
tend to have sustained biologic effects and might, for
instance, cause prolonged contraction of the bronchial

smooth muscles together with edema of the submucosa
as a result of their effects on the microvasculature.” A
similar role of the neutrophils has been suggested by
Casale et al“* and Atkins et al,’7!°? who postulated the
involvement of neutrophils in the LAR by forming
cellular infiltrates, after their stimulation by previously
released granule constituents from the mastcell.
The role of platelets and neutrophils in mediating

the hypersensitivity reaction seems to us to still be
underestimated and not fully understood.® The plate-
lets and neutrophils can be involved during the late
hypersensitivity in various ways and manners and they
stimulate and induce other steps through various path-
ways (Fig 1). The platelets contain intracellular gran-
ules, similar to classical lysosomes of polymorphonu-
clear leukocytes, which can degranulate during the for-
mation of the platelet plug.®* Platelets accumulate in
vessels adjacent to inflammatory foci and interact with
antigen-antibody complexes."*
The platelet response to surface stimulation by re-

lease and secretion of various factors is also accom-
panied by formation of prostaglandins and thrombox-
anes.®* Platelets contribute to the inflammatory process
accompanying tissue injury by releasing potent intra-
cellular constituents that increase vascular permeability
in two phases: the acute phase, appearing within 15
minutes and the secondary phase, reaching its maxi-
mum in three hours. The secondary phase is usually
accompanied by polymorphonuclear infiltration.®*
Treatmentwith anti-histamine blocked the acute phase
but did not block the secondary phase in rabbit.® The
platelets contain, and can also release, a number of
factors including vasoactive amines, lysosomal en-

zymes, vascular permeability  factors,3>3753546
prostaglandins® (PGG2, PGH2, PGE:, PGFoa,
PGD,),°'® and other metabolites of arachidonic
acids.° 3586? Some authors suggested that prostaglan-
dins present in blood are almost entirely produced by
platelets during aggregation and blood clotting.***
The activation and aggregation ofplatelets is stimu-

lated by a variety of factors,°° among others by platelet
activating factors generated and/or released directly
from the activated mast cells and haso-
phils, !92537-3949.65.103 by decreasing of exogenous cAMP
and/or increasing ofCGMP with subsequent decreasing
of intracellular cAMPin the platelets, by complement
parts (C3a, C5a)** and probably also by other path-
ways." The platelets may be stimulated directly by IgG
antibodies and/or immune complexes, since Fe recep-
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tors for all four subclasses of IgG and complementparts
(C3a, C5a) have been demonstrated on their mem-
brane,’"*!

The platelet activating factors could be generated
and/or released from activated mast cells and
basophils*' and also from othercells, eg, polymorpho-
nuclear leukocytes such as eosinophils and
neutrophils*”**:'!"* or monocytes.*” Lysosomal enzymes
are involved in the further stages of the immune com-
plex-mediated tissue injury.°***4 Neutrophils are
also involved in immune complex-mediated tissue in-
jury by their influx into the site of the immune com-
plexes as well as platelets, which interact with damaged
epithelium and adhere to immune complexes.**3*""
The neutrophils are then additionally activated by im-
mune complexes through the complement sys-
tem.27653

Besides the possible involvement of the late hyper-
sensitivity mechanism (Arthus reaction,type III allergy)
and of IgG antibody in LAR discussed above, there
are investigators who suggest the involvement of the
IgE antibodies, basophils, and/or mast cells in
LAR, 14:!2:13.35:3943.47 This involvement may be realized
either by means of interaction and interference with
some parts and componentsofthe classical late hyper-
sensitivity mechanism or through the classical imme-
diate hypersensitivity mechanism (type | allergy) or
through some pathways and steps belonging principally
to the classical immediate hypersensitivity, but which
have been re-evaluated in light of recent data. With
respect to the late hypersensitivity mechanism and its
parts, human IgE mayplay a role in triggering increased
vascular permeability and deposition of immune com-
plexes.**-*7 Basophils and mast cells with membrane-
bound IgE can generate and release a soluble platelet
activating factor,*°"’-*"factors chemotactic for neu-
trophils (NAF, HMW-NCF),*° and arachidonic acid
metabolites having manifold effects, eg, stimulating
neutrophils (chemokinesis, granule release), platelet ag-
gregation, enhance the inflammation mechanism (in-
duction offever, increase of vascular permeability, and
edema), besides their direct effects on the bronchial

smooth muscle and receptors.”
Involvement of IgE antibodies, basophils, and mast

cells in LAR through theclassically understood imme-
diate hypersensitivity has been assumed by various
authors,!0:'?:14,15,20,35,3 43,47,62,74 This assumption is

partly based onthe findsofSolley et al'®’ and Dolovich
etal”? concerning the skin during the late skin response.
Similar changes in the bronchial mucosal membrane
during LAR have, however, not been demonstrated.
Furthermore, despite some relationship between skin
tests and bronchial allergy, the results obtained on the
skin cannot be applied to the bronchial tree without
any limitations because of the distinct anatomic, im-
munologic, and pathophysiologic differences between
these organs, as well as of the difference in their re-
sponse patterns.
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The evidence against the presumed mainrole of the
classical immediate hypersensitivity mechanism in
LARis, nevertheless, growing. These facts led a number
of investigators to suggest various modifications of the
established classical immediate hypersensitivity mech-
anism or even alternative pathways which might be
involved in LAR, as is discussed further
com) !5:17,20,33,36,37,4 1 42,44,46,47,50

The results of Part I of our study, especially the
findings ofpositive specific IgE antibodies in only 29%,
the increased serum concentration of IgG in 66%, and
of IgM in 49% cases of LAR; the increase in blood
leukocytes during 19%, eosinophils during 36%, and
neutrophils during 40% ofthe cases of LAR; as well as
the increase in body temperature during some LAR
cases and appearance of general malaise complaints
during most LAR cases (81%) support the evidence
against the mainrole ofthe classical immediate hyper-
sensitivity mechanism in the LAR. These results may
indicate the involvementeither of the late hypersensi-
tivity mechanism, or at least someofits parts or finally,
of an intermediary mechanism, being a modification
or combination of some parts, previously ascribed to
one or another classical hypersensitivity mechanism,
immediate or late. Regarding some differences in our
results observed between the ILAR and LDAR, an
involvement of different mechanisms or of different
modifications of one mechanism, in both these sub-
types of LAR cannot be excluded.

Anotherpossible role of the mast cells and basophils
in the LAR,especially in the LDAR, could be related
to some authors’ suggestions of the modified functions
of these cells.!!37°!-!0!'°7 Wasserman,” Lewis et al,'?!
and Terral et al'' suggested the bi-phasic degranulation
of mast cells and basophils. The bi-phasic response of
airways to inhaled allergen may then be comparable to
the bi-phasic cutaneous response to the IgE-dependent
activation ofmast cells.'°’ This could be the process by
which cells’ mediators might provoke a bi-phasic in-
flammatory response. Casale and Kaliner™ described
three groups of mast cell-derived mediators: (1) pre-
formed or primary mediators (eg, histamine); (2) sec-
ondary or newly generated mediators (eg, prostaglan-
dins); (3) granule matrix mediators (eg, peroxidases,
heparin). They presumed that the preformed and partly
newly generated mediators, appearing rapidly, cause
“the immediate allergic reactions,” while the granule-
matrix mediators and some of the newly generated
mediators might lead to the polymorphonuclear leu-
kocyte infiltration, followed by mononuclear/macro-
phageinfiltration and resulting in the late phaseallergic
reactions. Kay,*° Nagyet al''’? and Durham et al'*
formulated the existence of three phases of airway
obstruction in bronchial asthma: the rapid. (spasmo-
genic), the late (sustained), and the subacute inflam-
matory phase. All of these phases are caused by the
mast cell-derived mediators. The rapid phase (within
10 to 15 minutes) may be mediated by histamine; the
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late (sustained) phase (four to eight hours) may be
associated with, what they call “re-activation of the
mastcells,” and with an increase of circulating serum
neutrophil chemotactic factor, and in which leuko-
trienes, prostaglandins and thromboxanes presumably
play a role; and finally, the subacute inflammatory
phase, which is characterized by infiltration of eosino-
phils, neutrophils, and mononuclearcells and is prob-
ably mediated by chemotactic factors from mast cells
(NCF, LTB, ECF-A). Schleimer et al*? suggested the
release of two groups of mediators during the IgE-
dependent hypersensitivity mechanism, the primary
mediators from basophils and the secondary mediators
from lung tissue. The release of two mediator groups
seems to them to correspond with the two phasesofthe
IgE-dependent hypersensitivity, namely, the early and
the late phase. There is evidence that “after activation
of mast cells and othercells that may be triggered during
the first phase of the immediate hypersensitivity re-
sponse, a late phase response occurs that involves mi-
gration ofcells such as eosinophils, basophils, neutro-
phils, and some mononuclearcells into the tissue site.”
Zweiman ct al! Atkins and Wasserman,’ and
Atkins*” observed that blood neutrophils increased two
hours after the allergen, but not methacholine inhala-
tion. They suggested that immediate phase bronchial
response may be caused by the mediators released from
the degranulated mast cell, followed by the late neutro-
phils activation, which may be involved in the late
phase bronchial response. Talbotet al'’* appointed the
possibility of a “prolonged release” of mediators from
the mast cells. The findings of PGD, in the nasal
secretions during early nasal response but not during
the late nasal response led Naclerio et al? to conclude
that the mast cell is probably the main source of me-
diators during the early response and the basophil dur-
ing the late response.
As mentioned above, with respect to the results of

Part I of our study, the participation of different mech-

anisms in both modifications of the LAR, namely the
ILAR and the LDAR, cannot be excluded. In the case
of LDAR,the mast cells and/or basophils could play
the predominantrole. This could, however, be realized
in different ways: either directly (the suggested bi-phasic
degranulation.!'99!reactivation,@' degranulation
of three mediator groups™) or indirectly (the generating
of platelet activating factor,*!*5!-! to triggering
increased vascular permeability or to generating che-
motactic factor for neutrophils***"7°4!"* and that for
eosinophils,*"**'  prostaglandins,*!“6""?_ Jeuko-
trienes and other arachidonic acid metabolites,*°°"'°*'?
In the case of the ILAR, the other mechanisms and
pathways (such as activation of neutrophils,**377°
activation of complement,’ activation of platelets by
platelet activating factor from sources other than the
mast cells and basophils,**'' decrease of exogenous
cAMP and/or increase of cGMP,**? leading to the
decrease in the intracellular cAMP andincrease in the
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intracellular cGMP) may probably play the predomi-
nant role, while the mast cells and/or basophils are
involved to a lesser degree.
Another cell being presumed to play an important

role in the hypersensitivity mechanism is the eosino-
phil, although its role is not yet fully clarified in all
detail. The involvement of the eosinophil in the
immediate hypersensitivity mechanism has been re-
peatedly demonstrated,7%73°4+1789."6 Tis involve-
ment in the classical late hypersensitivity mechanism
(Arthus reaction) has historically been limited to partic-
ipation in the eosinophil-neutrophil infil-
trates, 14+15.9558:43.49,46.52,54.55,73.89 ‘The evidence, however,
for its manifold function and involvement in various
steps, also of the late hypersensitivity mechanism orits
modifications increases.’’’? The eosinophil can be ac-
tivated directly by antigen-antibody complexes,*!'7!:73
by IgE antibodies through the surface IgE recep-
tors,27S by IgG antibodies through the surface
IgG receptors*’**?* and by sub-classes IgG1-4 and
complement parts (C3b, C4b, CSa), the receptors of
which are also present on its membrane.*?*””"'"? The
chemotaxis of eosinophils and their attraction to the
site of the hypersensitivity reaction is modulated by
variousfactors: (1) basophils and mast cells release and
generate the eosinophil chemotactic factors of
anaphylaxis!*76-449°.61,9.103 jinid chemotactic factor,!?”
(2) metabolites of arachidonic acid,!*4**!6 (3) neutro-
phils release eosinophil chemotactic factors,’ (4) ac-
tivation of platelets contribute to generation of HETE
and HHT, which are both chemotactic for eosino-
phils,®”'? (5) by eosinophil chemotactic factors derived
from complement,*””° and (6) by histamine.*!

Histamine, by acting on the H) receptors, can inhibit
migration and chemotaxis of human eosinophils. By
acting on the H;, receptors, histamine can augment
eosinophil chemokinesis and migration.®' The eosino-
phil chemotactic factors of anaphylaxis and histamine,
after attracting eosinophils to the site of the reaction,

are able to inactivate them.*''® Smith and Goetzl*
concluded that the initial event in the stimulation of
eosinophil chemotaxis involves the activation of path-
ways that generate specific chemotactic factors. Acti-
vation by immune complexes of the classical comple-
ment pathway elaborates chemotactic fragments with
broad leukocyte specificity, most notably the minor
fragment of the C5a or complexes such as C567, while
the alternative pathway alone contributes to the che-
motactic factors C3Bb and Ba. Histamine and eosino-
phil chemotactic factors of anaphylaxis increase the
density of C3b receptors on eosinophils.”* The eosino-
phils, after having been attracted to the site of the
antigen-antibody interaction, become immobilized and
they then retain other cellular and metabolic functions.
The eosinophils also retain a full complement of lyso-
somal and other enzymes which permit them to mod-
ulate the ongoing mast cell and/or basophils reaction
by inhibiting the release of chemical mediators and
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inactivating some of the already released mediators.'”®
“The interaction of an antigen with eosinophil-bound
IgE also results in the synthesis of prostaglandins E,
and E,,''* The mixtures of PGE, and PGE;inhibit the
release ofhistamine from human basophils and/or mast
cells by virtue of inducing elevations in their intracel-
lular levels of cAMP.°*”" The major basic protein in-
activates the heparin,'?' eosinophil histaminase deami-
nates histamine,**!?*'?3 and eosinophil peroxidase and/
or aryl sulfatase might be involved in inactivation of
leukotrienes (LTB) which has previously been de-
scribed as SRS-A."0-6:!24
The cosinophil is also a source of a numberof very

potentconstituents and products, associated with mem-
brane, cytoplasm or granules, such as major basic pro-
tein (neutralization of heparin, stimulation of histamine
release from basophils. damage of human bronchial
epithelium),'?' peroxidase. aryl-sulfatase B (intracellu-
lar inactivation of leukotrienes), phospholipase D (in-
activation of mast cell-derived platelet lytic factor),
lysophospholipase (inactivation of lysophospholipids),
PGE, and PGE;(stimulation of adenylate cyclase, in-
hibition of histamine release from mast cells and baso-
phils),*> LTC, (bronchoconstriction and vasoactive
compound) and a small amount of LTBs,*** eosino-
phil-derived neurotoxin, and cationic peptides.*! Eosin-
ophil has also been suggested to generate platelet acti-
vating factor and lipoxygenese products.***!
Henson™ postulated “that since that time we have

gained even more understanding of the hypersensitivity
mechanism but have also found that the mediators we
thought were exclusive to such immediate hypersensi-
tivity reactions (type I allergy) are in fact ubiquitous
mediators of inflammatory processes and are derived
from manycell types, not only from the mast cells and
basophils,” Henson’s statement may also beprincipally
applicable to eosinophils, regarding their manifold role
and involvement. From this point of view, the eosino-
phil seems to us to perhaps play an importantrole in
boththe classical types ofimmediate and late hypersen-
sitivity. In this way, the eosinophils may probably act
as a linking factor between both the hypersensitivity
mechanisms, resulting in the occurrence of some mod-
ified pathways and intermechanisms which may, how-
ever, differ from the classically understood hypersensi-
tivity mechanisms.

Ourresults of the changes in the count of the eosin-
ophils in the blood during LAR, may indicate the
possible involvement of the eosinophils in the mecha-
nism underlying LAR. The changes in the eosinophil
count during LAR were characterized by two patterns:
(Part I, Table 4) in 30 (36%) LAR cases the initial
increase was followed by a slow decrease ofthis count,
while in 23 (28%) LAR cases the eosinophil countfirst
decreased and then, after the maximum of the LAR,
increased. The explanation and interpretation of the
different patterns of the eosinophil count changes dur-
ing LAR seems to us a difficult problem. A different
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mode of involvement of the cosinophils in the same
type of bronchial response (LAR) cannot be excluded.
Unfortunately, we were unable to find any study con-
cerning the investigation of the blood eosinophil count
and its changes during the LAR, in a sufficient number
of patients, available in the literature. Dahl et al!
described an initial decrease in the eosinophil count,
accompanied by a decrease in the serum eosinophil
cationic protein, followed by an increase of both param-
eters during the LAR; however, this occurred in only
12 patients.
Dolovich et al*" found perivascular infiltration of

eosinophils and neutrophils in skin biopsies during the
late skin reaction, Other authors'*** postulated that the
late phase reactions occur in response to the granule-
derived mediators inducing an influx of polymorpho-
nuclear leukocytes (eosinophils and neutrophils) at the
site of mast cell degranulation at two to eight hours,
followed by mononuclearinfiltration and tissue dam-
age. In our opinion and according to the above men-
tioned facts and results, the eosinophil may play one of
the pivotal roles in the LAR and therefore further
research, focused on the eosinophil andits role, seems
to us to be of high importance.

Anothervery interesting result in Part I ofthis study
concerns the bronchial reactivity to histamine in pa-
tients with LAR. The bronchial reactivity to inhaled
histamine (and/or methacholine) is also called a non-
specific hyperreactivity of the bronchial tree, whose
counter-value is the bronchial histamine (methacho-
line) threshold. The decrease ofthe bronchial histamine
threshold indicates the increased bronchial reactivity to
histamine or increased non-specific hyperreactivity. In
our study, the increased bronchial reactivity to hista-
mine was found in 40 (66%) patients demonstrating
LAR, while the other 21 (34%) patients with LAR
showed noincreased bronchial histamine reactivity. On
the other hand, most of the patients with negative
bronchial response to allergen challenge (52 of the 55
= 95%) demonstrated a distinctly increased bronchial
reactivity to histamine. Our findings in Part | of an
increased bronchial reactivity to histamine in only some
of the patients with positive LAR, are in agreement
with results of some other investigators.*! On the other
hand, our findings disagree with some authors, who
reported a much higher percentage of increased bron-
chial reactivity to histamine or methacholinein patients
with positive LARto allergen.’*?*"? Cartier ct al'® con-
cluded that LAR to allergen can be associated with
increased bronchial responsiveness to histamine. They
also suggested that allergen-induced LAR virtually al-
ways increases responsiveness to histamine. Further-
more, Lam et al’ postulated that non-specific bronchial
hyperreactivity is an important factor in determining
the type and the severity of the asthmatic reaction
induced by inhalation challenge with allergen, Unfor-
tunately, our results cannot support their conclusions.
The discrepancy between their findings and ours can
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be explained by the following facts. (1) The criteria for
the patients’ selection differ. Some of the above men-
tioned investigators characterized their patients as asth-
matics only. This definition cannot, however, exclude
a present or just-passed viral or bacterial infection. In
all our patients, the sputum was examined bacteriolog-
ically just before the bronchial challenge. Our patients
with bronchial asthma, having completely symptom-
free intervals between the bronchoconstriction attacks,
were always challenged only during a symptom-free
period. (2) The conditions under which all challenges
were carried out seem to us to be yery important. All
our patients were challenged during hospitalization un-
der standard conditions, such as allergen-poor environ-
ment and surroundings (the air in the testing rooms
were continuously controlled and standardized) and
they followed a standard diet and regimen. Onthe other
hand, some of the above mentioned investigators per-
formed the challenge on out-patients, where the con-
ditions preceding the challenges cannot be standardized
and guaranteed. (3) The differences in the method
employed could also be a source of the discrepancy in
results. The other authors mostly used a schedule where
the individual concentrations of histamine or metha-
choline, in our opinion, followed one another too
quickly (five minutes) and therefore the cumulative
effect can be expected. In our method, which corre-
sponds principally with the standard technique de-
scribed by several investigators,?*?° we always inserted
a l-hour interval between two subsequent concentra-
tions of histamine in order to exclude the cumulative
effects. This modification was introduced by us as a
result of one of our other studies, which will be pub-
lished, demonstrating that bronchial response to in-
haled histamine resolves within 30 to 45 minutes after
the challenge, independent of the degree of FEV, de-
crease. Another point in the method used by some
investigators,'*** namely the performance of the hista-
mine challenge on the same day as the challenge with
allergen, seems to us to be questionable. A part ofLAR
does not disappear within eight hours, but lasts for a
longer time. In such cases, when the LAR is not com-
pletely resolved, the challenge with histamine may inev-
itably lead to a cumulative effect which does not, how-
ever, represent the real bronchial reactivity to hista-
mine.It is therefore not surprising to us that the bron-
chial responsiveness to histamine increased when the
histamine challenge was performedat this stage. In our
opinion,the increased bronchial reactivity to histamine,
recorded after the LAR, does not allow the conclusion
that the non-specific hyperreactivity is an important
factor in determining LAR. A positive LAR can lead
to a temporary increase of non-specific hyperreactivity
that remains for hours. This is caused by an increase of
the general susceptibility of the bronchial tree and can
be observed also after the just-passed viral or other kind
of infection. All bronchial response to histamine chal-
lenge resolved within 30 to 45 minutes and we never
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recorded any late response to the histamine in our
patients. With respectto this fact, we are not convinced
of such an important role of the non-specific hyper-
reactivity in the pathogenesis of the LAR toallergen,
as is believed by these investigators.'°**** The recent
findings ofRamsdaleet al'** of a normal responsiveness
to methacholine in some patients with asthma who
demonstrate LAR,are in agreement with the results of
our study.
The interpretation of the increased bronchialreactiv-

ity to histamine (or methacholine) for the diagnosis of
bronchial asthma, varies highly. In our opinion, the
positive LAR to allergen challenge is an indicator for
an allergic component, while the decreased bronchial
histamine threshold is an indicator for the increased
non-specific hyperreactivity component in the bron-
chial tree. Both these components can participate in
the patients with asthma, to various degrees. We con-
sider the allergic and the non-specific hyperreactivity
components two different mechanisms, whichresult in
the same spectrum of bronchial complaints (bronchial
response). They can both exist beside one another in
the same patients, but neither can be regarded a nec-
essary condition for the other. In a majority of the
patienis with asthma (70%), we usually found both
these components to various degrees. On the other
hand, in approximately 30% to 40% of the asthma
patients we found only one of these components. In
this study, in 40 of the 61 patients with LAR (66%) the
bronchial histamine threshold was decreased, while in
21 patients (34%) the bronchial histamine threshold
was unchanged and remained unchanged, even after
two repetitions (1 and 4 weeks later), On the other
hand, in 52 of the 55 patients (95%) who did not
develop any kind of bronchial response to allergen
challenge, the bronchial histamine threshold was dis-
tinctly decreased. This fact indicates that the bronchial
complaints ofthese patients were solely due to the non-
specific hyperreactivity, while the allergy component

was absent.
The positive late skin response was found byus in

51 LAR cases (61%). This unsatisfactory correlation
observed in our patients implicates the conclusion that
skin tests cannot replace the bronchial challenge and
they may be regarded as a screening and supplementary
diagnostic parameter to the bronchial challenge. The
unsatisfactory correlation between the late skin re-
sponse and LAR could probably be explained by the
following factors. (1) The possible involvement of dif-
ferent antibodies in the LSR and LAR.®*!2!41520.46.6L
(2) The antigen-antibodyinteraction and its subsequent
stages could be a process limited to the bronchial tree
only, at least in some of the patients with LAR. Such a
topical process, involving the topical immunoglobulins
only, does not sufficiently influence the concentration
of the immunoglobulins in the serum andin the skin.
(3) The possible existence of the different sensitivity
degrees between the skin and the bronchial tree to the
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sameallergen, (4) The possible existence ofthe different
mechanisms involved in the skin response and in the
LAR-
The increase in body temperature during 15 LAR

cases (18%), the appearance of general malaise com-
plaints during 67 LAR cases (81%), and slighi changes
in the roentgenogram (increase of pronounced bron-
chovascular markings) during some cases of LAR could
suggest a possible involvement of an inflammatory
mechanism, such as late hypersensitivity (type III re-
action) and probably IgG antibodies, rather than an
immediate hypersensitivity with IgE, at least in some
ofthese patients.
The very good reproducibility of LAR anda signifi-

cant dose-response relationship in most cases of LAR
confirm the suitability of the method employed and the
concentrations of allergen extracts used by us for BP.
It also exclude the false positivity of LAR.
The appearance of LAR in Part I of our study as an

isolated form (ILAR) and anothertime in combination
with an immediate response (DAR = IDAR + LDAR)
might also be the subject ofa large discussion. In the
case of the dual late asthmatic response, with its two-
step course (immediate andlate response), the bi-phasic
mast cell degranulation suggested by Wasserman,*! the
activation and reactivation process of mast cells pro-
posed by Kayet al,**''? the release of three groups of
mediators in three subsequent time-periods postulated
by Casale and Kaliner,* orlastly, the combined mech-
anism described by Zweiman et al'**' and Kaliner'*
(where the degranulation of mast cells leads to an
immediate response but, at the same time, also to a

neutrophil activation then causing the late response)
could be considered. In the case of the isolated late
asthmatic response, the involvement of the classical
inflammatory mechanism (including the neutrophils,
eosinophils, platelets, complementparts, immune com-
plexes, and IgG) which might be similar to the late
hypersensitivity, cannot be excluded. This hypothesis
can be supported by our observation that total IgE did
not increase and by the lack of specific IgE antibodies
in the serum, but increases in the total IgG and the
IgG4 and decrease in the IgG2 in the serum, slight
leukocytosis, increase in the body temperature, appear-
ance of general malaise complaints and lastly, slight
changes on the thoraxx-ray accompanyingthe isolated
late asthmatic response to a higher degree than the
LDAR(see “Abbreviations”). The LAR recorded in
this study was very similar to that observed by us after
the bronchial challenge with pigeon feces.° The exist-
ence of the isolated late asthmatic response does not
support some authors’ suggestion'*”° that the late re-
sponse only appears after the preceding immediate
response; moreover, the isolated Jate asthmatic re-
sponses excludes this suggestion. The six patterns ofthe
LAR we recorded, seem to us to be an interesting
finding. Although we do not have anyclear explanation
for it yet, the involvementofthe different parts of the
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immunologic system, in the individual LAR sub-forms
cannotbe fully excluded (Figure 1).

Another very important problem scemsto us to be
the question of why a certain allergen causes an isolated
immediate response in one patient, a dual response in
another, and,an isolated late response in a third patient.
A similar question is, why the same patient develops
various types of asthmatic responses to different aller-
gens. Unfortunately, we do not yet have a clear answer
to these questions. We are aware that more concurrent
investigations will be necessary to clarify the develop-
ment of the LAR as well as the mechanism(s) under-
lying this clinical phenomenon.

Implications for the Clinical Practice

(1)

(2)

G)

(4)

(6)

The LAR occurs in approximately 24% of the
patients with bronchial asthma.
The LAR can play an important role in the bron-
chial complaints of some patients with allergic
bronchial asthma.
This type of response can regularly be overlooked
in practice.
The mechanism underlying the LAR is not yet
satisfactorily clarified. The involvementof the late
hypersensitivity (type III allergy) or at least some of
its parts in the LAR, however, cannot be excluded.
The role of the immediate hypersensitivity mecha-
nism (type I allergy) in the LAR can also not be
excluded. The existence of the two modifications
ofthe LAR, namely ILAR and DAR,might support
the hypothesis of the involvement of different
mechanisms,or at least ofdifferent modifications.
The correlation of the LAR with other in vivo and
in viiro diagnostic parameters, found to various
degrees, was notstatistically significant. ‘These tests
should therefore be regarded as useful supplemen-
tary diagnostic parameters only.
The definite confirmation of the LAR in patients
with bronchial allergy should be provided by BP
with allergens. followed by recording ofthe param-
eters for at least 24 hours.
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Effects of disodium cromoglycate and
beclomethasone dipropionate on the asthmatic
response to allergen challenge I. Immediate
response (IAR)
Zdenek Pelikan, MD, FACA; Marta Pelikan-Filipek, MD*; M. Cees Schoemaker, MD*; and
Martijn P.F. Berger, PhDt
 

This study deals with comparative investigation ofthe protective effects ofdisodium cromoglycate (DSCG, Lomudal®,
Intal®) and beclomethasone dipropionate aerosol (BDA, Aldecin®, Becotide", Beclovent®) on 103 tmmediate asth-
matic responses (IARs) to allergen challenge recorded in 103 patients withan allergic bronchial asthma. Disodium

cromoglycate demonstrated highly significant protective effects on the LAR in patients investigated (P < .01). The
protective effects ofBDA on the IAR werefound to be non-significant (P > .01). It is suggested that DSCG should be
thefirst choice in controlling allergic bronchial asthma when the immediate asthmatic responseto allergen plays the

predominant role.

ABBREVIATIONS

BDA =beclomethasone  dipro-
pionate aerosol

BHT =bronchial histamine
threshold

BP = bronchial provocation test
DSCG = disodium cromoglycate
FEV, =forced expiratory volume

in one second
JAR =immediate asthmatic re-

sponse

Someofthe results reported in this paper
were presented as a preliminary communi-
cation at the XIth [nternational Congress of
Allergology & Clinical Immunology in Lon-
don 1982,'' and some of these results were
included in the paper presented at the XIIth
International Congress of Allergology & Clin-
ical Immunology in Washington, DC in
1985."
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1H = immediate hypersensitiy-
ity

PBS =phosphate buffered saline
VC = vital capacity

INTRODUCTION
The effects of disodium cromogly-
cate (DSCG)as well as beclometha-
sone dipropionate aerosol (BDA)
have been investigated extensively
in patients with allergic bronchial
asthma.'? In most of these studies
the patients were treated with these
drugs for a certain period of time
and the effectiveness of the drugs
was recorded by means of clinical
scores. Papers comparing theeffects
of both these drugs in the same
group of patients’ or ‘with the ef-
fects of both drugs on the asthmatic
response to allergen challenge are
limited."

In the literature there is a dearth
of information concerning a com-
parison of the effects of DSCG and
BDA on the immediate asthmatic
response to allergen challenge dur-
ing bronchial provocationtests with
allergen (BP) in a sufficiently large
group ofwell-defined and diagnosed
patients with allergic bronchial
asthma.

A comparative study would be of
interest.

Despite frequent use of these
drugs in practice, there is a lack of
well-defined indications for their
use and both these drugs are often
considered in practice to be equiv-
alent alternatives, although they
have completely different pharma-
cologic effects and actions.
This study is a continuation of

our preliminary studies!!!’ and is
part ofa large clinical investigation
dealing with a comparison of the
effects of DSCG and BDA on the
various types of bronchial response
to allergen challenge.

MATERIALS AND METHODS

Patients
A total of 103 patients suffering
from bronchial asthma with an al-
lergic component and developing
only an isolated LIAR (bronchus-ob-
structive) to allergen challenge were
includedin this study. Of these 103
patients, 133 positive [ARs devel-
oped. Only 103 IARs (is one JAR
per patient) were, however, the sub-
ject of this investigation. These pa-
tients, as well as the IARs and their
clinical feature, were extensively de-
scribed in our previous paper.’
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The patients investigated were be-
tween 18 and 55 years of age,
showed reversible bronchoconstric-
tion alternating with symptom-free
periods. Their pulmonary functions
did not demonstrate restrictive
changes, they did not suffer from
chronic infections of the airways,
and none had received immuno-
therapyor used oral corticosteroids,
All these patients were previously
examined by a diagnostic procedure
consisting of (1) a general part (dis-
ease history, physical examination,
basic laboratory tests including bac-
teriologic examination of the
sputum, x-rays of the chest and si-
nuses, electrocardiogram, pulmo-
nary functions, and blood gases es-
timation) and (2) an allergologic
and immunologic part consisting of
skin tests; bronchial histamine
threshold (PD20); blood leukocyte
and eosinophils counts; determina-
tion of total serum IgE by PRIST,
specific IgE by RAST, IgG, IgM,
and IgA by single radial immuno-
diffusion (Mancini technique); and
BPs with allergens recorded up to
56 hours and supplemented by re-
cording of the body temperature
and bronchial and general com-
plaints.'”

All BPs, non-pretreated as well as
pretreated. and the contro! chal-
lenges were performed during hos-
pitalization of the patients under
standard conditions. At this time
the patients were free from manifest
bronchial complaints and infection.
Anti-allergic therapy had been
stopped at least 4 weeks and bron-
chodilators 48 hours prior to this
study.

In the event that FEY,, or both
FEV, and VC decreased by 50% or
more during the BPs, a single inha-
lation of 100 yg of salbutamol aer-
osol was given to prevent a further
drop of FEV,. If the bronchial re-
sponse needed more extensive treat-
ment, the patient was excluded from
the study.

Allergens

The dialyzed and lyophilyzed ex-
tracts (Allergen Laboratory Die-
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phuis, Groningen, The Nether-
lands) were diluted in PBS (dry
weightofallergen in milligrams per
1 milliliter of PBS) and used for skin
tests’ and bronchial challenges in
concentrations as shown in Table I,

Skin Tests

The scratch tests were performed
and evaluated after 20 minutes. If
they were negative, intracutaneous
tests were carried out and evaluated
after 20 minutes and then up to 96
hours and, if necessary, for longer,
until their disappearance. The re-
sults ofthe intracutaneoustests were
interpreted as follows: (a) immedi-
ate skin response—onset within 20
minutes and disappearance within
120 minutes; (b) late skin re-
sponse—onset within six to 10
hours and disappearance within 36
hours after the intradermal skin in-
jection.

Bronchial Provocation Tests (BP)

The VC and FEY, were recorded by
means of a spirograph (LODE,
Model D-75, The Netherlands). The
FEV, was considered to be the basic
parameter for assessment of the
bronchial obstruction. The PBS as
well as the allergen extracts were
inhaled in the form of an aerosol
administered by meansofthe Wies-
badener Doppel-Inhalator at an air

flow of 10 L/min (the aerosol par-
ticles had a mass median diameter
of 2.8 to 3.6 x).
The schedule of the BP was as

follows: (1) recording of the base
values (“initial values”) at 0.5 and
10. minutes; (2) inhalation of PBS
for 10 minutes and then recording
of the “PBS values” (= control) at
0, 5, and 10 minutes; (3) inhalation
of the allergen aerosol for 10 min-
utes (2 X 5 minutes) followed by
recording of the VC and FEV, val-
ues at 0, 5, 10, 20, 30, 45, 60, 90,
and 120 minutes and then every
hour up to the 12th hour and every
second hour during the 24th and
38th and 47th to 56th hourintervals
after the end of the challenge. The
BPs were evaluated as follows; (1)
the decrease of FEV, or both FEV,
and VC ofless than 10% with re-
spect to the contro] values as nega-
tive, from 10% to 20% as doubtful
and of 20% (PD20) or moreas pos-
itive; (2) the decrease of FEY; or
both FEV, and VC within 60 min-
utes after allergen challenge, re-
corded at least at three consecutive
time-intervals, was considered to be
a positive IAR (bronchus-obstruc-
tive). The decrease of FEV, within
a period of 4 to 24 hours after aller-
gen challenge, recorded at least at
three consecutive time-intervals,

Table 1. Survey of the Allergens Used for Skin Tests* and Bronchial Challenges
 

Concentration, per 1 mL of PBS

 

 

Scratch and Bronchial
intracutaneous Tests Challenges

House dust 0.5 mg 5.0 mg
Hairs and feathers mix** 025mg 25mg
Dog, cat, horse, cow danders and hen, parrot, 0.25 mg 2.5 mg
canary feathers—each of them

Grass pollen mix,f spring pollen mix,¢ weed 1000 NUT 10,000 NUT

pollen mix|—esach of them
Mites (Dermatophagoides pteronyssinus) 10 NU 100 NU
 

* The criteria for evaluation of the intracutaneous tests: —, normal skin appearance; +, wheal not larger than
origina! (5.0 mm) injected papule; +, wheal increase up to 7.5 mm in diameter; ++, whealincrease up to 10.0
mm in diameter; ++ wheal increase up to 12.5 mm in diameter; +++ wheal Increase up to 15.0 mm in
diameter; and +++, wheal increase larger than 15.0 mm, sometimes with ‘pseudopodia.”
** Cat, dog,cattle, goat, hog, horse, rabbit, rat, mouse, hamster, guinea pig, canary, goose, duck, turkey, hen,
pigeon, and parrot in equal portions by weight.
t Ory weight percentage: Secale cereale 15%, Dactylis glomerata 15%, Lolium perenne 10%, Anthoxanthum
odoraturm 10%, Agrostis alba 10%, Hoicus ianatus 10%, Phieum pratense 10%, Cynosurus cristatus 5%, and
Alopacurus praterisis 15%.
$ Dry weight percentage: Coryivs avellana 20%, Alnus species 30%, Salis specias 20%, Betula species 20%,
Myrica species 10%.
1 Ory weight percentage: Artemisia vulgaris 33%, Rumex acetosa 33%, Planiago /anceolata 33%.
£1 Noon Unit (NU) = 0.001 mgof dry pollen (powder) = 0.5 PNU=1.3 TNU
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was considered to be a positive late
asthmatic (bronchus-obstructive)
response.

The Control Test with PBS
This test was performed in each pa-
tient three days before the BP with
allergen, in the same way as during
the BP, and the VC and FEY, were
recorded up to 56 hours. The con-
trol test was considered negative
whenthe changes of the FEV, val-
ues varied no more than 5% + 2%
(mean + SE) with respect to the
“initial values.”

Drugs

(1) Disodium cromoglycate (Lom-
udal®, Intal®), in powder form con-
tained in capsules, was inhaled by
meansofa special applicator (spin-
haler). One dose of DSCG wasal-
ways one capsule containing 20 mg
of DSCG powder. The capsule was
put into the spinhaler, perforated
and then the DSCG powder was
inhaled by an air flow produced by
the patient’s active inspiration.

(b) Beclomethasone dipropionate
(Becotide®, Aldecin®, Beclovent®)
was used in the form of a metered
aerosol. One dose of BDA was al-
ways four inhalations = 200 xg (1
inhalation = SO pg).

Protection Tests with DSCG and
BDA
The protection tests were carried
out by meansof spirography, which
technique wasidentical to that used
for the BPs.
Both the protection tests were

performed in the same manner and
according to the same schedule.
The patients were always pre-

treated with the appropriate drug in
a daily dose of 4 x 1, starting two
days before the allergen challenge
and continuing throughout the
“challenge day.” The drug was al-
ways administered at 7 AM, 12 AM,
6 pM, and 11 pM. On the “challenge
day” one additional dose ofthe drug
was given 10 minutes before the
allergen challenge. With the excep-
tion ofthis extra drug dose, the basic
schedule of both the protectiontests
was similar to that of the proveca-

 

tion tests (BPs). The protection tests
were performed as “single blind,”
where the patient did not know
which drug was being used* and
“crossover” randomized.
An interval of three to six days

was always allowed between the in-
dividual tests, bronchial provoca-
tion test, and individual protection
tests.

Theprotective effects of the drug
were considered clinically signifi-
cant when the FEY, or both FEV,
and VC values, recorded after the
pretreated challenge, improved by
at least 50% with respect to the val-
ues recorded after the non-pre-
treated challenge (BP).

In ten patients ten protectiontests
with DSCG and in another ten pa-
tients ten protection tests with BDA
were repeated 2 to 4 weekslater to
evaluate reproducibility. In two
other groups of patients, each of
them consisting of 12 subjects, 12
protection tests with DSCG and 12
with BDA were repeated after pre-
treatment of 28 days with these
drugs (daily dose of 4 x 1) in order
to evaluate the sufficiency of the
length ofthe pretreatment period.

Statistical Analysis
The results were statistically evalu-
ated by meansoffitting polynom-
inals to the mean curves over time
(five time points within 120 minutes
after the allergen challenge). The
appropriate hypotheses were tested
by means of the generalized
MANOVAmodel(generalized mul-
tivariate analysis of variance
model), proposed by Potthoff and
Roy*’ and reviewed by Timm.”! The
statistical analysis was performed by
means ofthe computer program de-
scribed by Berger®* using a VAX
11/780 computer. A P < .01 was

*The “single blinding” of the drugs for
the patient was possible since both the DSCG
and the BDA in the powderas well as in the
metered aerosol form are available in The
Netherlands. The paticnt was always in-
formed aboutall four forms of these drugs
and could therefore not identify exactly
which of these drugs was being used.

considered to be significant, and P
> .O1 to bestatistically non-signifi-
cant.

RESULTS
The 103 patients developed 103

positive [ARs. The IAR_ began
within 10 minutes, reached its max-
imum within 45 minutes and dis-
appeared within 90 to 120 minutes
after the end of the allergen chal-
lenge in most cases!” (Fig 1).
The IAR was associated with

other diagnostic parameters as fol-
lows: (1) positive disease history in
62%; (2) positive immediate skin
response in 68.4%; (3) increased to-
tal IgE in the serum in 41%: (4)
positive specific IgE in the serum in
44.4%; (5) increased serum IgGin
27%, IgM in 12.8%, IgA in 2.3%;
(6) increased blood eosinophils in
27% and leukocytes in 14.3%; (7)
increased body temperature in 7%;
(8) appearance of bronchial com-
plaints in 98.5%; (9) occurrence of
general malaise complaints in
46.6%.'" The positive IAR was ac-
companied by various bronchial
and general complaints as is pre-
sented in Table 2.

Protection Tests with DSCG and
BDA

The bronchial provocationtests, the
protection tests, and control chal-
lenges are summarized in Figure |.
Protection Tests with DSCG

Disodium cromoglycate prevented
fully 62 IAR cases (60%), decreased
significantly 39 (38%), and wasin-
effective in 2 IAR cases (2%) (Fig
2). The DSCG effects lasted for at
least four hours.
The reproducibility of the protec-

tion tests with DSCG wasfound to
be very good. Nosignificant differ-
ences were found betweenthefirst
and the second DSCG protection
test, either in the time course or in
the changes ofthe appropriate FEV,
values in any of the ten patients
examined (P > .15).

Nosignificant differences in the
FEY, values were found between
the short-pretreated and the long-
pretreated DSCG protection tests in
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Figure |. Mean percentage changes in FEY, with respect to the “initial FEV, values” calcu-

lated from all non-pretreated and pretreated immediate asthmatic responses (IAR) (n = 103);
OQ——O = non-pretreated IARs (= bronchial provocation tests); A----A = 1ARspretreated
with DSCG (= DSCGprotectiontests); 0- = -—O= JARs pretreated with BDA (= BDAprotection

tests); X-- - - +X = control challenges with PBS,

   
Figure 2. Distribution of the protective

elfeets of DSCG onthe immediate asthmatic
Tesponse (n = 103).

any of the 12 patients studied (P>
(05).
The bronchial challenge pre-

treated with DSCG was accom-
panied by the bronchial and general
complaints to a distinctly lower de-
gree than the non-pretreated chal-
lenge, as is shown in Table 2.

Protection Tests with BDA

Beclomethasone dipropionate aero-
sol decreased significantly 3 LAR
cases (3%), decreased non-signifi-
cantly 18 (18%), was fully ineffec-
tive in 73 (71%), and increased 9
IAR cases (8%) (Fig 3).
The reproducibility of the BDA

protection tests was found to be very
good. No significant differences
were found betweenthefirst and the
second BDA protection tests in
any of the ten patients investigated
(P> .1).

No significant differences in the
effects of BDA on the IAR were
found between the pretreatment of
2.5 days and that of 28 days in any
of the 12 patients studied (P > .05).
It could therefore be concluded that
the pretreatment with BDA for a
period of 28 days, as compared with
that for 2.5 days, did not signifi-
cantly increase the protective effects
of this drug on the IAR.
The results summarized in Table

2 show that the BDA wasnot able

 

to decrease bronchial and general
complaints accompanying the IAR.

Statistical Analysis
I. Non-pretreated asthmatic re-

sponses.
Hypothesis No. 1; The imme-

diate asthmatic response (de-
crease in FEV, values), recorded
in individual patients, showed no
mean trend (= nosignificant
changes). This hypothesis is re-
jected (P < .01). It can be con-
cluded that all IARs recorded
were significantly positive. Hy-
pothesis No. 2; The PBS curves
recorded in individual patients
showed no mean trend (= no
significant changes). This hy-
pothesis cannotbe rejected (P >
.05) but must be accepted. It can
therefore be concluded that PBS
curves did not show anysignifi-
cant changes (P > .05) and they
were therefore significantly neg-
ative.

IL. Pretreated asthmatic responses.
Hypothesis No. 3: All three
curves (ALL, DSCG, BDA) co-
incide; this hypothesis is re-
jected (P < 01).
Hypothesis No. 42 The ALL and
BDA curves coincide; this hy-
pothesis is not rejected but ac-
cepted (P> .01).

Explanation of the abbreviations:
ALL = non-pretreated [AR (pro-
vocation test); DSCG = IAR
pretreated with DSCG (= DSCG
protection test); and BDA = IAR
pretreated with BDA (= BDA pro-
tection test).
With respect to the results of hy-

potheses 3 and 4, it could be con-
cluded that the DSCG demon-
strated highly significant protective
effects on the IAR, while BDA did
not show anysignificant protective
effects on the IAR to allergen chal-
lenge at all.

DISCUSSION
The BPs with allergen have become
accepted as a very important in vivo
part of the diagnostic procedure for
the detection and confirmation of
the role of the allergy component
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Table 2. Bronchial and General Complaints Accompanying the Non-pretreated Immeciate
Asthmatic Response(IAR} and the IAR Pretreated with Disodium cromoglycate (DSGG) and
Beclomethasone Dipropionate Aerosol (BDA)
 

IAR Pretreated with

 

 

 

TAR Non-

co protester DScG BDA
Geers 101 (9854 5 (6% 92 (90%)

zing 85 (83%) 6 (6% B1 (79%)
Cough 73 (71%) 11 (199, 68 (68%)

Productive 19 (18%) 0 19 8%)
Non-productive 54 (53%) V1 (19%) 49 (AB%)

oration 19 (18%) 0 19 (18%)
Thick sputum (2%) 0 3 (3%
Thin sputum 16 (16%) 0 16 (16%)

Pressure on the chest 47 “oe 3 (3% 34 (30%)
Chilis Be 1 (1%) 5 fe
Tiredness 3% A (45%) 47 ¢ it
Weakness 37%, 1 (1%) (24%)
Headache 27 (26%) 1 (1%) 27 (26%)
Acral cyanosis 12% Q 18%)
Nasal obstruction 9 (9%) 1 (1%) 9 (9%)
Conjunctivalimitation 3 (296) 0 3 (3%)
Pressite in the sinuses maxill and 6 (6%) 1 (1%) 6 (6%)

Angioadema 22%) 0 1 (1%)
Acute skin eruption (rash, urticaria, ex- 4 (4%) 0 4 (4%)

anthema’
Tetuearaa (8%) 1 (1%) 8 (8%)

Bea : 10 (10% 8 10: (10%6pressure
Increase 9%) 0 9 (9%)
Decrease 1% 0

Gastrointestinal complaints 1% 0 1 (1%)
 

 

Figure 3, Distribution of the protective
effects of BDA on the immediate asthmatic
response (n = 103).

and of the role of certain allergens
in patients with bronchial asthma
and chronic asthmatic bronchi-
tis.*''-':?°-?° During these tests, the
bronchial tree is challenged directly
by a certain allergen and the bron-
chial response, due to the antigen-
antibody interaction with its subse-
quent steps, is recorded quantita-
tively. Someinvestigators, however,
believe that the IAR can be pre-
dicted by knowledge of non-specific
bronchial reactivity and level of
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allergen sensitization, as is exten-
sively discussed in our previous
papers.!7-!°

Weuse the BPs as a standard part
of the routine diagnostic procedure
in patients with bronchial asthma
and chronic asthmatic bronchitis
for detection of the bronchial
response to allergen challenge
of the immediate as well as the
non-immediate types (late, de-
layed), !2:!315-!9

Wealso use these tests in another
modification, the so-called protec-
tion tests, where the pretreatment
with the drug investigated during a
certain period of time precedes the
allergen challenge. The “protective
effects” of the drug investigated re-
fer to its ability to preventor signif-
icantly decrease the development of
the bronchus-obstructive response
caused by the antigen-antibody in-
teraction, ''-'*
The methods employed for BP

used in this study were described in
our previous papers.!'4!7-19
Numerouspapers concerning the

IAR, as well as the role of IH have
already been published. The exact
pathologic and immunologic mech-
anisms underlying the JAR have,

however, not yet beenfully clarified.
Tn our opinion a difference should
be made between the IAR and IH
in patients with bronchial asthma.
Immediate hypersensitivity is a
well-defined immunologic mecha-
nism, mediated by IgE antibodies,
in which the mastcells (and/or ba-
sophils) and most of the known pri-
mary mediators are involved, The
TAR should be regarded as a clinical
phenomenon, defined by the ap-
pearance within 60 minutes after
the allergen challenge, which could
be induced by complex mecha-
nisms. The pathologic and immu-
nologic mechanismsleading to the
IAR could probably be different.!””
19,23=25,.29-34

In a large part of the IAR the
pivotal role of the IH mechanism,
thus IgE mediated, could be pre-
sumed. On the other handit is not
a matter of course that every IAR is
caused by the IH mechanism,as was
believed for years. There is evidence
that in some IARcases the antibod-
ies of other classes, eg, IgG and
mechanisms different from [H
could be involved723242944

The results of this study demon-
strated the highly significant protec-
tive effects of DSCG on the [AR (P
< .01), while the protective effects
of BDA on the IAR were non-sig-
nificant (P > .01).
- These results are in agreement
with findings of some otherinvesti-
gators.7!

On the other hand, our study dis-
agrees with Burge’s findings*> re-
porting the protective effects of
BDA on the IARto allergen chal-
lenge, after a week's pretreatment of
a daily dose of 800 yg. His number
of patients was, however, low and
noreliable statistical analysis of the
data was employed.
Our findings ofthe lack of protec-

tive effects of BDA on the IARdis-
agree with some authors describing
the beneficial therapeutic effects of
BDA in patients with bronchial
asthma.*” These so-called beneficial
effects of BDA can perhaps be ex-
plained by the following facts: (1)
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the bronchial complaints in their
patients were not due to the imme-
diate hypersensitivity but to non-
specific hyperreactivity or to non-
immediate type of hypersensitivity,
(2) the simple recording of the bron-
chial complaints score during the
BDA administration cannot dem-
onstrate that the BDA really mod-
ulated the antigen-antibody inter-
action with its subsequentsteps; (3)
the relief of the bronchial com-
plaints in these patients could also
have been caused by diminishing of
the inflammatory componentby the
BDA;and (4) in someofthese stud-
ies the diagnostic procedure and the
selection of patients were not fully
standardized.

Both the drugs were used in this
study in doses corresponding with
those reported in the literature,**
DSCG 4 x 20 mg and BDA 4 x 200
ug. The lack ofprotective effects of
BDA observed in our study could
therefore not have been caused by
an under-dosage.
No significant differences in the

effects of BDA on the IAR were
found between the pretreatment of
2.5 days and that of 28 days, in any
of the 12 patients investigated (P >
.05). These results do not confirm
the findings of some investigators,
reporting the appearanceofthe pro-
tective cffects of BDA on the IAR
after pretreatment oflonger than |
week (1 to 3 weeks).**°
The explanation for the different

protective effects of DSCG and
those of BDA on the JAR and also
on the accompanying bronchial and
general complaints could be pro-
vided by the pharmacologic prop-
erties of these drugs, which are
highly different.
The majority of [ARs may be due

to the TH mechanism, both in the
classically understood IH andin its
various modifications,!7!973-473!-3
mediated by IgE antibodies, where
the mast cells and/or basophils play
a pivotal role. There is, however,
some evidence for a possible in-
volvement of antibodies of other

classes, eg, IgG and IgM in,atleast,
a part of the TAR, 17799:23-25.29.30.34

Disodium cromoglycate protects
the mast cell and basophil from de-
granulation andrelease ofmediators
by stabilizing their cell membrane,
due to the blocking of calcium
transport and inhibition of calcium
gate opening induced byantigen.
There is also evidence for possible
increase of the membrane-associ-
ated cAMP by DSCG directly or
indirectly through the inhibition of
phosphodiesterase, the increase of
which inhibits the mediator re-
lease.**-*!
Disodium cromoglycate is there-

fore the indicated compoundfor the
treatmentof such bronchial asthma
in which the IAR due to the imme-
diate hypersensitivity mechanism
plays the main role.

Beclomethasone dipropionate
aerosol, being a glucocorticosteroid,
has a high topical anti-inflamma-
tory activity? The corticoste-
roids, including BDA, increase and
potentiate the action of cAMP, de-

crease and inhibit the action of
cGMP.,*:“* inhibit synthesis ofsome
prostaglandins."** influence the
calcium transport in some types of
cells, decrease neutrophil chemo-
taxis,*’ decrease the release of lyso-
somal enzymes from neutrophils,
decrease vascular permeability and
increase the resistance of the capil-
lary wall, inhibit the synthesis and
release vasoactive kinins and pros-
taglandins and have inhibitory ef-
fects on some complement parts.
“4 With respect to the suggested
involvement of cAMP and cGMP
in modulation of release of certain
mediators (decrease of cAMP and
increase ofCGMPstimulates media-
tor release), corticosteroids such as
BDAcould also indirectly influence
the release of some mediators.“ The
corticosteroids might also prevent
re-accumulation of histaminein tis-
sue, decrease the histamine tissue
level and decrease the synthesis and
metabolism of histamine, leuko-
trienes, and other products or ara-

chidonic acid.*?*° On the other
hand, various other important me-
diators and their metabolism are not
affected by corticosteroidsatall.

Despite some reports suggesting
the possible effects of glucocortico-
steroids on the human basophils
and mouse mast cells, by in vitro
inhibition of histamine release.4”*
other studies demonstrated that in-
cubation of human lung fragments
or human lung mast cells with
glucocorticosteroids in vitre did not
inhibit IgE-mediated release of his-
tamine or the mast cell cyclooxy-
genase metabolites, PGD» and
thromboxanes.*®

Nevertheless, the direct protective
effects of corticosteroids, including
BDA,on the human mastcells and
basophils, by preventing release of
their mediators, have not yet been
unequivocally demonstrated.”
These pharmacologic properties

of glucocorticosteroids could ex-
plain the lack of protective effects
of BDA on the LARs observed in
this study. On the other hand, gluco-
corticosteroids distinctly inhibit
other types of hypersensitivity reac-
tions, different from the immedi-
ate (Type I allergy), eg, late (Type
Ill allergy, Arthus reaction, im-
mune-complex state),77:'8'2'315.16.
23-25,42.49,51 or delayed (Type IV al-
lergy, cell-mediated).477°°"?

Corticosteroids, including BDA,
maytherefore be more successful in
such cases of bronchial asthma
where: (1) non-immediate bronchial
responses are involyed, (2) an in-
flammatory component and a pro-
nounced edema of the bronchial
mucosa appears, (3) as adjunct ther-
apy to DSCG in the case of the
combination of different types of
hypersensitivity, (4) emergency state
appears, either in an acute form or
in a chronic form (ineffectiveness of
DSCG,severe decrease oflung func-
tions, distinct decrease in tissue elas-
ticity, etc).

See reprint address and reference
list in Part I.
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Effects of disodium cromoglycate and
beclomethasone dipropionate on the asthmatic
response to allergen challenge II. Late response
(LAR)
Zdenek Pelikan, MD, FACA; Marta Pelikan-Filipek, MD;* and Lies Remeijer, MDt

 

The proiective effects ofdisodium cromoglycate (DSCG; Lomudaf®, Intal”) and beclomethasone dipropionate (BDA;
Aldecin®. Becotide®. Beclovent®) on the late asthmatic response to allergen challenge (LAR) were investigated in 61

patients with allergic bronchial asthma. The 61 patients developed a total of83 late asthmatic responses, 35 isolated
late responses (ILAR), and 48 dual late responses (DLAR), which is a combinationofan immediate response
(IDLAR) and a late response (LDLAR). Disadium cromoglycate demonstrated significant protective effects on the
LAR (P <.01), however, the LDLAR as part ofthe DLAR was decreased by DSCG to a slightly higher degree than

the ILAR. The BDA also showed significant protective effects on the LAR (P < .01), but the ILAR wasprotected by
BDA io a slightly higher degree than the LDLARaspart ofthe DLAR. The immediate asthmatic response as part of
the DLAR was prevented by DSCG significantly (P< .01) while the BDA wasineffective (P > .05). It can be
concluded that both DSCG and BDA demonstrated significant effects on the LAR. It is suggested that DSCG should

be used as a drug ofthefirst choice to control bronchial asthma withan allergy component where the LAR plays a
role. The BDA should be added temporarilyat the beginning ofthe treatment ofpatients in whom theisolatedlate

asthmatic response plays the predominantrole, or ofpatients in whom the DSCG does not providefull control ofthe

LAR during a certain period, eg, during the peak ofthe pollen season. In those patients with LAR, in whom DSCGis
ineffective, the bronchial asthma should be controlled solely by BDA.

ABBREVIATIONS

BDA =beclomethasone dipro-
pionate aerosol

BP =bronchial provocation
test

DLAR = dual asthmatic response
DSCG disodium cromoglycate
FEV, =forced expiratory vol-

ume in | second

 
Part of the results reported in this paper
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nary communication at the XIfth Interna-
tional Congress of Allergology & Clinical Im-
munology in Washington (DC), October 20—
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Immunology, New Orleans, March 24-26,
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IDLAR =immediate response as
part of the dual

ILAR =isolated late asthmatic
response

LAR = late asthmatic response
LDLAR= late response as part of

the dual
PBS = phosphate buffered sa-

line
vc = forced vital capacity

INTRODUCTION
Patients with bronchial allergy,
when challenged by allergen, may
develop different types of bronchial
(bronchus-obstructive) response,
the LAR being one of
them.!!-!315-19:23-25 The LAR has
been extensively investigated and
described in our previous pa-
pers, 12:!315-19

The LARplays an importantrole
in bronchial complaints in some pa-
tients with bronchial allergy and it
may be responsibleforfailure ofthe
usual treatment in these patients.
The LARis also overlooked in prac-

tice because only in a few depart-
ments, where the diagnostic proce-
dure of bronchial allergy takes
place, BPs with allergen are rou-
tinely performed.'*!”,

Wewere unable to find any paper
in the available literature concern-
ing the comparative investigation of
the protective effects of DSCG and
BDAon the LARto allergen chal-
lenge ina sufficiently large group of
well-defined and diagnosed patients
with allergic bronchial asthma.

This study is a continuation of
our preliminary and previous pa-
pers concerning the protective ef-
fects of DSCG and BDA on the IAR
and LAR,!2:13-15.16

MATERIALS AND METHODS

Patients
The 61 patients, selected from a
group of 251 patients, suffering
from bronchial asthma with an al-
lergic component and developing 83
late asthmatic (bronchus-obstruc-

 



 

tive) responsesto allergen challenge
(LAR) were included in this study.
These patients, as well as the LARs
and their clinical characteristics
were extensively described in our
previous papers, '*:!?
The criteria for selection of these

patients as well as the diagnostic
procedure performed in them were
identical to those in the patients
with TAR,as described in part I.

Allergens, skin tests, BP, control
test with PBS, drug protection tests
with DSCG and BDAwere identical
to those which are already described
in part I.
Of ten patients, ten protection

tests with DSCG andin another ten
patients, ten protection tests with
BDAwere selected. These tests were
repeated 3 to 4 weeks later in order
to evaluate their reproducibility. In
another two groups ofpatients, each
group consisting of eight subjects,
eight protection tests with DSCG
and eight with BDA were repeated
after 28 days of pretreatment with
these drugs (daily dose 4 x 1) to
evaluate the possible influence of
the length of pretreatment on the
effectiveness of the drug.
Statistical Analysis

The results were statistically evalu-

an ILAR (35 cases) or as a DLAR
(48 cases), where at first an IDLAR
appeared and then, after a symp-
tom-free interval of 3 to 5 hours,
the LDLARoccurred,'*”
The LAR was associated with

other diagnostic parameters as fol-
lows: (1) positive disease history in
59%; (2) positive late skin response
in 61%; (3) increased total IgE in
the serum in 20%; (4) positive spe-
cific IgE in the serum in 29%; (5)
increase in serum IgG in 66%, IgM
in 49% and IgA in 1%; (6) increase
in serum IgG in 8%, IgG3 in 25%,
IgG4 in 52% and decrease in serum
IgG2 in 54%; (7) increased blood
leukocyte count in 19% and eosin-
ophil count in 36%; (8) increased
body temperature in 18%; (9) gen-
eral malaise complaints in 81%; (10)
bronchial complaints in 100%; and
(LL) changes on the thorax x-ray in
6%. 1819

The positive LAR was accom-
panied by various bronchial and
general complaints as is presented
in Table 1."

Protection Tests with DSCG and
BDA

The mean percentage changes in
FEY, (calculated from all patients
investigated during all the chal-
lenges), the bronchial provocation
tests (BPs = non-pretreated chal-
lenge), and the bronchialprotection
tests with DSCG and BDA (= pre-
treated challenges) and control chal-
lenge with PBS, are summarized in
Figures 1 and 2.

Protection Tests with DSCG

Disodium cromoglycate prevented
fully 49 LAR cases (59%), decreased
significantly 33 LAR cases (40%),
and was ineffective in | LAR case
(1%) (Fig 3).

Slight, however non-significant,
differences in the protective effects
of DSCG with respect to both the
LAR modifications were observed.
(1) LDLAR:thirty cases (36%) were
prevented fully and 18 cases (22%)
were decreased significantly. (2)

Table 1. Bronchial and General Complaints Accompanying the Non-pretreated Late Asthmatic
Response (LAR) and LAR Pretreated with Disodium Cromoglycate (OSCG) and
Beclomethasone Dipropionate Aerosol (BDA)
 

 

 

 

 

  
 

z : LAR LAR Pretreated with

ated by meansoffitting polynomials ns 83 Non-pretreated naGa =
to the mean curves over time (five
time points within 120 minutes and Wee B (ease 3 ot : one
6 time points between 4 to 11 hours C9 alos ib pie
after the allergen challenge). The ap- Non-productive 3 (4%) 1 [1% 0 (os
propriate hypotheses were tested by  ™Pactoration Bie Ole ae
means of the same method as de- Thin sputum Q (0%) 0 (0%) 0 (0%)
ice ie at I (ANOVA Pressure on the chest 87a 1 (194 $4
model). < .01 was conside
to be highly significant, 01 < P< Weakness Br 73%) ie 3 (ps0
.05 to be moderately significant and Hesasese :wee i 49 (59% 0 5 (6%
P > .05 to be statistically non-sig- Acral cyanosis 2 bey 00% Biot
nificant. tesscoprurion + (19%) 9 (0%) 0 (0%)

(= conjunctivitis} 1 (1%) 0 (0%) 1 (1%)

Angioneurotic edema 8 (10%) 1 (1%), 2 (2%)
RESULTS Pressure in the sinuses

\ J maxill and front. 6 (7%) 0 (0%) 2 (2%)
The 61 patients developed 83 posi- Acute skin eruption é
tive LAR responses. The LAR be- Beeaten usticaris) a pe Uo
gan within 4 to 8, reached maxi- complaints 2 (2%) 0 (0%) 2 (2%)
mum within 6 to 12, and resolved Tachycardia 5 (6%) 0 10% 1 (1%)
within 24 to 26 hours after allergen Bjaeyoarcia 1) 8 bx) Bo
challenge in most cases. The LAR increase 4 (5%) ony (2%)
was modified in two ways: either as Pocwonee VES) utes Bit

Bees
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Figure 1. Effects of disodium cromoglycate (DSCG)and beclomethasonedipropionate acroso!

  
(BDA) on the dual late asthmatic response to allergen challenge (DLAR). Mean percentage

changes in FEV, with respect to the “initial FEV, values” calculated from all non-pretreated and
pretreated dual late asthmatic responses (DLAR = IDLAR + LDLAR) (n = 48), O—O = Non-

pretreated DLARs (= bronchial provocation tests), A---4 = DLARs pretreated with DSCG
(= DSCGprotectiontests), 0---O = DLARs pretreated with BDA (= BDAprotectiontests),

and X--ures X = contro] challenges with PBS.

   
Figure 2. Effects of DSCG and BDA on the isolated late asthmatic response to allergen

challenge (ILAR}, Mean percentage changes in FEV, with respect to the “initial FEV, values”
calculated from all non-pretreated and pretreated isolated late asthmatic responses (ILAR)

(n = 35) O——O = Non-pretreated ILARs (= bronchial provocation tests), A---A =
ILARspretreated with DSCG (= DSCG protection tests), O---O] = ILARspretreated with

BDA (= BDAprotection tests), and &-.- ++ .-

ILAR: Nineteen cases (23%) were
prevented fully, 15 cases (18%) were
decreased significantly, and | case
(1%) was not influenced.
The reproducibility ofthe protec-
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* = control challenges with PBS.

tion tests with DSCG was found to
be very good. Nosignificant differ-
ences (P > .1) were found between
the first and the second DSCG pro-
tectiontest, either in the time course

 

or in the changes of the correspond-
ing FEY, values, in any of the ten
patients investigated.

Nosignificant differences in the
FEV, values were found between
the short-time and long-time pre-
treatment with DSCG in any ofthe
eight patients studied (P > .1).
The bronchial and general ma-

laise complaints accompanying the
LAR were decreased distinctly by
DSCG (Table 1).

Protection Tests with BDA

Beclomethasone diproprionate aer-
osol prevented fully 46 LAR cases
(56%), decreased significantly 36
LAR cases (43%), and was ineffec-
tive in | LAR case (1%) (Fig, 3).
With respect to both the LAR mod-
ifications the following BDA ef-
fects were observed. (1) LDLAR:
Twenty-five cases (30%) were pre-
vented fully, 22 cases (27%) were
decreased significantly, and 1 case
(1%) was decreased non-signifi-
cantly. (2) ILAR; Twenty-one, cases
(25%) were prevented fully and 14
cases (17%) were decreased signifi-
cantly.
No significant differences were

found betweenthe first and second
BDAprotection tests in any of the
ten patients investigated (P > .05).
It could be concluded therefore that
the reproducibility ofthe BDA pro-
tection tests was good,
No significant differences were

observed between the appropriate
FEY,values recorded afier the short
and the long pre-treatment with
BDA in any of the eight patients
(P > .05).

Bronchial and general malaise
complaints accompanying the LAR
were decreased distinctly by BDA as
is shown in Table 1.

Statistical Analysis

J, Non-pretreated asthmatic re-
sponses.

Hypothesis No. 1 = the isolated
late response (ILAR) recorded in
individual patients (= decrease in
FEV,values) showed no meantrend
(= nosignificant changes). This hy-
pothesis is rejected (P< .01).

Hypothesis No, 2 = the immedi-
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Figure 3. Distribution of the protective effects of DSCG and BDA on the LAR (n = 83).

ate response (IDLAR), as part ofthe
dual response (DLAR) recorded in
individual patients, showed no
mean trend (= no. significant
changes in FEV, values). This hy-
pothesis is rejected (P < .01).

Hypothesis No. 3 = the late re-
sponse (LDLAR).,as part ofthe dual
response (DLAR) recorded in indi-
vidual patients. showed no mean
trend, This hypothesis is rejected
(P< .01).

Hypothesis No. 4 = the PBS
curves, recorded in individual pa-
tients, had no mean trend (= no
significant changes in FEV, values).
This hypothesis cannot be rejected
(P > 05) but must be accepted.

It can be concluded therefore that
the late asthmatic response, in both
of its modifications (ILAR,
LDLAR) as well as the immediate
asthmatic response (IDLAR) were
significantly positive (P < .01),
while the control challenge with
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ca wassignificantly negative (P >
05).

Il, Pretreated asthmatic responses.
Isolated late response (ILAR):

Hypothesis No. 1 = all three curves
(ALL, BDA, DSCG)coincide; this
hypothesis is rejected (P< .01). Hy-
pothests No. 2 = the BDA and
DSCGcurves coincide; this hypoth-
esis is rejected (P = 01). Hypothesis
No. 3 = the ALL and BDA curves
coincide; this hypothesisis rejected
(P < .01). Hypothesis No. 4 = the
ALL and DSCG coincide; this hy-
pothesisis rejected (P < .01).

Late response as part of the dual
response (LDLAR):

Hypothesis No. 1 = all three
curves (ALL, DSCG. BDA) coin-
cide: this hypothesis is rejected
(P < 01). Hypothesis No. 2 = the
BDA and DSCG curves coincide;
this hypothesis is rejected (P= .04).
Hypothesis No. 3 = the ALL and
DSCGcurves coincide; this hypoth-

esis is rejected (P< .01). Hypothesis
No. 4 = the ALL and BDA curves
coincide; this hypothesis is rejected
(P< 01).
Immediate response as part of the

dual response (IDLAR):
Hypothesis No. 1 = all three

curves (ALL, DSCG, BDA) coin-
cide; this hypothesis is rejected
(P < .01). Hypothesis No, 2 = the
ALL and BDA curves coincide;
this hypothesis cannot be rejected
(P > .05) but should be accepted.
Explanation of the abbreviations:
ALL = non-pretreated asthmatic re-
sponse; DSCG = asthmatic re-
sponse pretreated with DSCG
(= DSCG protection test); BDA =
asthmatic response pretreated with
BDA(= BDAprotectiontest).

It can therefore be concluded that
both DSCG and BDA demonstrated
significant protective effects on the
LAR. The LDLARaspart of the
DLARwas decreased by DSCG to
a slightly higher degree than the
ILAR, while BDAwas slightly more
effective in the ILAR than in the
LDLAR.These small differences in
the protective effects of both the
drugs were statistically non-signifi-
cant,

DISCUSSION
The LAR may play an important
tole in the bronchial complaints
in some patients with bronchial
asthma. Although a numberofpa-
pers concerning the LAR have al-
ready been presented, the exact
pathogenetic and immunologic
mechanisms underlying the LAR
have notyet beensatisfactorily clar-
ified.” '8-19.23.32,53-6+

A difference should be made be-
tween the LAR andthelate type of
hypersensitivity (type IL allergy, Ar-
thus reaction, immune-complex
state). The late hypersensitivity is a
well-defined immunologic mecha-
nism, characterized by involvement
of IgG and possibly also IgM. anti-
bodies forming immune-complexes
and resulting in the complex inflam-
matory reactions,“
The LAR should be regarded a
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clinical phenomenon defined by the
appearance of broncho-constric-
tion, accompanied by other symp-
tomswithin 4 to 12 hours after ex-
posure to allergen, which could be
induced by a complex mecha-
mis, !8:!9:23:32,34,53-60 Although the

pathogenetic and immunologic
mechanisms leading to the LAR
could be different, the late type of
hypersensitivity should be regarded
as one of the possible mechanisms
involved in the clinical LAR, but far
from the only one.'*!?
The views on the pathogenetic

and immunologic mechanisms
presumably underlying the clin-
ical LAR, however, vary highly.
Someinvestigators suggested the in-
volvement of the late hypersen-
sitivity and IgG antibodies in the
LAR,'8:19:23.25.29.32,34,66-69 Other in-

vestigators presumed that the im-
mediate hypersensitivity mediated
by IgE antibodies with involve-
ment of mast cells (and/or baso-
phils) may play the mainrole in the
LAR. 35754707) Another group of
authors suggested that varius com-
binations and modifications of the
above-mentioned mechanisms
could be involved in the
LAR32:33-54-58,64.95,70,72,73

In our previous papers we at-
tempted to summarize the known
facts and hypotheses concerning the
possible mechanisms that may be
involved in the LAR and to com-
bine them with the results of our
studies.'*!?
The papers dealing with the pro-

tective effects of DSCG or BDA on
the LAR are not numerous,***
while the papers dealing with com-
parative investigation of the effects
of both these drugs on the LAR to
allergen challenge, are only very
few,071211518

Pepys et al® and Cockcroft et al’
observed that the [AR as well as the
LAR to allergen challenge were in-
hibited significantly by pretreat-
ment with inhaled DSCG.They also
found that inhaled BDA prevented
the LAR but did not decrease the
IAR. Similar conclusions, compar-

ing the effects of DSCG and oral
corticosteroids, were reported by
Booij-Noord et al.°
The results of our present study

are principally in agreement with
findings of the above mentioned in-
vestigators. Small differences, how-
ever, from their results were ob-
served. Although DSCG_ signifi-
cantly prevented the LAR. the
LDLARwasinhibited to a slightly
higher degree than the ILAR.Beclo-
methasone dipropionate aerosol
showed an adverse effect by inhib-
iting the ILAR to a slightly higher
degree than the LDLAR.

This observation could support
the suggestion of someinvestigators
that IAR can play an introductory
role for LAR in somepatients dem-
onstrating the “dual late asthmatic
response.”°6°8
The other organ related and gen-

eral malaise complaints accompa-
nying the LAR were decreased dis-
tinctly by DSCG and BDA to a
similar degree (Table 1).
The reproducibility ofthe protec-

tion tests with DSCG and BDA was
found to be very good regarding the
non-significant differences (P > .1;
P > .05) between the first and the
second protection tests performed
with each of these drugs in the ap-
propriate group often patients.
The length of the pretreatment of

2.5 days was found to be sufficient
for DSCG as well as for BDA to
achieve their significant protective
effects regarding the non-significant
differences between the short-term
pretreatment and the long-term pre-
treatment (P > .1; P > .05).
The results of this study, demon-

strating the positive protective ef-
fects of both the DSCG and BDA
on the LAR to allergen challenge,
could probably be explained by the
presumption of the involyement of
the different mechanisms or, at
least, different modifications, as
mentioned above.
The protective effects of DSCG

on the immediate as well as the late
asthmatic response to allergen chal-
lenge could be explained by the abil-

ity of DSCG to protect the mast
cells and basophils and in this way
prevent their degranulation with
subsequent release of the media-
tors.8"*" Two possible actions of
DSCG have been suggested: block-
ing of calcium transport and inhi-
bition of calcium gate opening in-
duced by antigen. There is also evi-
dence for possible increase of the
membrane-associated cAMP by
DSCG,either directly or indirectly
through inhibition of phosphodies-
terase, the increase of which inhibits
the mediator release.?7*! On the
other hand, DSCG also seems to
possess other pharmacologic effects
such as decreasing the neutrophil
chemotactic activity, increasing
cAMP and/or decreasing cGMP,
either exogenousor those associated
with other cells, eg, neutrophils,
platelets, lung tissue.**7*
Our results demonstrated signifi-

cant protective effects of DSCG on
the LAR, however, the effects on
the LDLAR were slightly higher
than those on the ILAR. These dif-
ferences could probably depend on
the participation of some of the
above mentioned mechanisms in
both these modifications of the
LAR.

In the case of LDLAR the mast
cells and/or basophils could play the
predominantrole. This could, how-
ever, be realized in different ways:
either directly (the suggested bi-
phasic degranulation,!""”° reacti-
vation2235766"! release of three
mediator groups***) or indirectly
(the generating of PAFs,'"7! to
triggering increased vascular perme-
ability or to generating chemotactic
factors for neutrophils,!*?°*7°
eosinophils,*"°"'"*"5 prostaglan-
dins,3'3?-6 leukotrienes, and
other arachidonic acid  meta-
bolites*'??“"""), Disodium cromo-
glycate, protecting the mast cells
and basophils, therefore demon-
strated highly significant protective
effects on this type ofLAR.

In the case of the ILAR, other
mechanisms and pathways (such as
neutrophil activation,“*°*"*""" com-
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plement activation,” activation of
platelets by PAFs from sources
other than the mast cells and baso-
phils,’°’*” decrease of cAMP and/
ar increase of cGMP*”’) probably
play the predominantrole, while the
mast cells and/or basophils are in-
volved to.a lesser degree. Therefore
DSCG,by protecting the mast cells
and/or basophils to a higher degree
than the other cells and compo-
nents, demonstrated significant pro-
tective effects on the ILAR, but toa
slightly lower degree.
The glucocorticosteroids, includ-

ing BDA,possess a high topical anti-
inflammatory activity.“-* Theyin-
crease and potentiate the action and
level of CAMP and decrease and
inhibit action of CGMP,**“* inhibit
synthesis of some prostaglan-
dins,**° influence the calcium
transport in some types ofcells,**
decrease neutrophil chemotaxis, de-
crease release of lysosomal enzymes
from neutrophil, decrease vascular
permeability, increase the resistance
of the capillary wall, inhibit the syn-
thesis and release of vasoactive kin-
ins and prostaglandins, and have in-
hibitory effects on some comple-
ment parts.°“* The increase of
exogenous cAMP and decrease of
exogenous CGMPlevels bycortico-
steroids lead to the increase ofintra-
cellular CAMP and the decrease of
intracellular CGMP,resulting in in-
hibition of platelet activation and
accumulation? and could, indi-
rectly, influence the release of some
mediators." The direct protective
effects of corticosteroids, including
BDA,on the human mast cells and
basophils, by directly preventing the
release of their mediators, have not
yet been unequivocally demon-
strated,” as has already been dis-
cussed in part I.

Beclomethasone dipropionate
aerosol demonstrated significant
protective effects on the LAR, but
to a slightly higher degree on the
ILAR than on the LDAR. These
small differences could probably be
explained in a similar manner as in

the case of DSCG. In the ILAR,
where the other mechanisms prob-
ably play a more important role
than mast cells and/or basophils,
the BDA demonstrated protective
effects to a slightly higher degree
than in the case of LDLAR, where
mast cells and/or basophils are
probably more involved than the
other mechanisms.
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Clinical aspects of allergic disease
 

Inhibition of the late asthmatic response by

nedocromil sodium administered more than

two hoursafter allergen challenge
 

Z. Pelikan, MD, and |. Knottnerus, MD Breda, The Netherlands

Fourteen adult patients with bronchial asthma who were known late responders to bronchial
allergen challenge were entered into a double-blind crossover study to compare the protective
effects of nedocromil sodium (3 x 4 mg) and placebo aerosols on the late asthmatic response
(LAR). After screening for development of an LAR (fall in forced expiratory volume in 1
second [FEV,] =20% at at least 3 consecutive time points, 4 to 10 hours after challenge),
patients were randomized to test ireatment on 2 study days, with an interval of at least 3 days.
Nine ofthe patients had a dual late response, which is a combination of an immediate and
a late response, and five other patients had anisolated late response only. On each study day
the concentration of allergen that previously elicited a response was inhaled for 10 minutes.

FEV, was recorded every 10 or 15 minutes for up to 1 hour after challenge, and then at hourly

intervals for 12 hours and every second hour on the next 2 days. Test treatments were
administered in three doses at 30-minute intervals, with the first dose given 90 minutes before
the expected onset of the LAR for each patient, Compared with placebo, nedocromil sodium
significantly inhibited the LAR (p < 0.05) at each time point measured from 6 to 10 hours
after challenge and reduced the maximum fall in FEV, by 21.0% overall (p = 0.003).
(J ALLERGY CLIN IMMUNOL 1993;92:19-28.)

Key words: Late asthmatic response, effects of nedocromil sodium

Patients with bronchial allergy, having been
challenged by allergen, may develop different

types of asthmatic (bronchus-obstructive) re-

sponse."* The immediate asthmatic response
(IAR)has been repeatedly described." *

Other, so-called “‘nonimmediate asthmatic re-

sponses,” the late asthmatic response (LAR) be-
ing one of them, were also described in our
previous articles.*” °*? The LAR is a well recog-
nized clinical phenomenon in patients with bron-
chial asthma.'* *”1°
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Abbreviations used
BPT:; Bronchial provocation test

BDP: Beclomethasone dipropionate
DSCG: Disodium cromoglycate
FEV,: Forced expiratory volume in

1 second
IAR: Immediate asthmatic response
LAR: Late asthmatic response
NS; Nedocromil sodium

PBS: Phosphate-buffered saline
VC: Vital capacity   

Its incidence has been yariously quoted as
about 50% in adults’ and up to 73% in some
selected groups of children,’ after allergen chal-
lenge. The LAR may occur in two clinical forms,
as an isolated form oras a part of a dual response,
in which an early response precedes the late
one.” a1

In our previous studies, which included large
groups of patients with bronchial asthma
(n = 251), 24% of the patients developed an
LARto allergen challenge, 10% demonstrated an

“an
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TABLE |. Patient characteristics
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Nonpretreated response [FEV,]
 

Bronchial challenge IAR LAR
 

Baseline Max.fall Onset Max.fall Treatment

 

Patient Age Histamine
No. (yr) Sex PD... (mg/ml) Allergen Dose/ml (L) (%) (hr) (%) order

Dual response
2 46 M 16 HD 5.0 mg 4.7 31 6 34 b

4 20 F 8 HD 0.5 mg 2.5 32 5 36 b

3 42 M > 32 GP 10,000 NU 3.9 25 4 26 a

6 28 M 32 GP 1000 NU 53: 43 6 40 a

7 22 F 8 HD 1.0 mg 2.7 26 7 d4 a

8 19 M > 32 GP 1000 NU 3.6 34 5) 39 a

9 27 F >32 HD 0.5 mg 3.3 33 7 39 a

10 26 F 16 GP 10,000 NU 1.6 38 6 38 b

13 25 F 32, HD 1.0 mg 3.4 42 5 38 b

Isolated LAR
1 25 F > 32 GP 10,000 NU 3.0 - 6 37 b

3 25 FE 16 GP 10,000 NU 2.1 - 5 38 a

il 32 FE >32 HD 0.5 mg 3.0 - 6 50 b

12 28 M 32 HD 5.0 mg 4.4 - 5 30 b

14 25 F >32 HD 1.0 mg 3.6 — 4 Ad a
 

Treatment order: a = nedocromil sodium/placebo; b = placebo/nedocromil sodium.
PD59, Provocative dose causing a 20% fall in FEV,; HD, house dust; GP, grass pollen; NU, Noon units.

isolated form of LAR, and 14% showed a dual
form of LAR.® The exact pathophysiologic and
immunologic mechanisms presumably underlying
the LAR andits different subforms have not yet

beensatisfactorily clarified.’* However, in contrast

to the IAR, there is strong evidence for involve-
ment of various inflammatory mechanismsin the
LAR.® 7, 12-14, 16

Nedocromil sodium (NS), the disodium salt of a
novel pyranoquinoline dicarboxylic acid, demon-
strated antiallergic and antiinflammatory effects
both in animal and humanstudies, especially in

the respiratory tract.'’”**
The protective effects of NS on the LAR in

patients with bronchial asthma have already
been reported.” * However, only the LAR, being
a part of dual response, has been studied, and
NS was administered before the allergen chal-
lenge.”
Few data are availableto illustrate the possible

protective effects of NS on the isolated form of
LAR. Thereis also a dearth of information con-
cerning the effects of NS administered in a single
dose after the allergen challenge, before the pre-
dicted onset of the LAR.
The purpose of this study was to investigate: (1)

the effects of NS as a single prophylaxis if admin-
istered after the allergen challenge, just before

the predicted onset of LAR; (2) the existence of

some differences in the effects of NS on the
isolated form of LAR and that being a part of the
dual response;(3) the indication for the use of NS
in cases of LAR.

METHODS

Patients

Fourteen patients who hadallergic bronchial asthma
that required regular therapy (13 inhaled bronchodila-
tors, 5 inhaled corticosteroids and 6 inhaled cromolyn)
and who developed an LAR to bronchial provocation
test (BPT) with an inhalant allergen were randomly
selected for this study. The patients ranged in age from
19 to 46 years (Table I). They all showed reversible
bronchoconstriction alternating with symptom-free pe-

tiods. Their pulmonary function did not demonstrate
any restrictive changes, and they did not have chronic
infections of the airways; none had received immuno-
therapy or orally administered corticosteroids in the
past. None of the female participants were pregnant.
All patients were previously examined by the following
diagnostic procedure: (1) a general part including dis-
ease history, physical examination, basic laboratory
tests, chest x-ray, electrocardiogram, pulmonary func-
tions and blood gases; (2) an allergologic and immuno-
logic part including skin tests, bronchial histamine
threshold (provocative dose causing a 20% decrease in
forced expiratory volume in 1 second [FEV,]), blood
leukocyte and eosinophil count, total serum IgE (paper
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TABLE Il. Bronchial and general complaints accompanying the nonpretreated and pretreated late

asthmatic response (LAR)
 

 

 

LAR

Pretreated with

Nonpretreated NS Placebo

Dyspnea Pie + $+
Wheezing 4 +

Cough + = +

Expectoration — thick sputum + - ++

Pressure on the chest ++ - +

Chills + +

Tiredness + = +

Headache ++ 4 4h

Weakness +++ + a

General malaise TF = ++

Increase in body temperature” +: - +
 

The appearance of the symptoms; —, No appearance; +, slight degree, + +, moderate degree; + + +, distinct degree.

*Higher than 37° C = 98.6° F axillary.

radioimmunosorbenttest), specific serum IgE (RAST),
total serum IgG, IgM, and IgA (single radial immuno-
diffusion), and bronchial challenges with inhalant aller-

gens, recorded up to 56 hours.
All bronchial challenges were performed during

hospitalization of the patients under standard condi-
tions.* © At the start of the study all patients were free
of symptomsof asthma andinfections and had a base-
line FEY, of 80% or more of predicted value, Anti-
allergic therapy (cromolyn, inhaled corticosteroids,
long-term-acting oral antihistamines) had been with-
drawn for at least 6 weeks, short-term-—acting antihista-

mines for at least 12 hours, and inhaled short-term—

acting bronchodilators (8-agonists) for at least 8 hours
before the study. In cases in which FEV, or both FEV,
and vital capacity (VC) decreased by 50% or more
during the BPTs, a single inhalation of 100 pg of
salbutamol aerosol was given to prevent a further
decrease in FEV,. If more extensive treatment was

necessary, the patient was excluded from the study.
The study was approved by the Hospital Ethical Com-

mittee, and informed consent was obtained from each

participant.

Allergens

The dialyzed and lyophilyzed extracts (Allergen Lab-

oratory Dicphuis, Groningen, The Netherlands) were
diluted in phosphate-buffered saline (PBS). The basic
(undiluted) concentrations of allergens used for bron-
chial challenges were as follows: house dust, 5 mg/ml;

and grass pollen, 10,000 NU/ml. The allergen extracts
used for skin tests were diluted 10 times.

BPTs

The VC and FEV, were recorded by means of a
spirograph (model D-75, LODE, The Netherlands),

FEV, was considered to be the basic parameter for
assessment of the bronchial obstruction. Both PBS
and allergen extracts were inhaled in the form of an
aerosol administered by means of the Wicsbadener
Doppel-Inhalator at an air flow of 10 L/min. The
aerosol particles had a mass median diameter of 2.8
to 3.6 ym.

The bronchial challenge was performed according to
the following schedule:* * ° (1) recording of the base
values (“initial values”) at 0, 5, and 10 minutes; (2)

inhalation of PBS for 10 minutes followed by recording
of the “PBS values” (control) at 0, 5, and 10 minutes;

(3) inhalation of the allergen aerosol] for 10 minutes
(2 x 5 minutes) followed by recording of the VC and
FEV, values at 0, 5, 10, 20, 30, 45, 60, 90, and 120

minutes and then every hour up to the twelfth hour
and every second hour between the twenty-fourth and
thirty-eighth hours and between the forty-seventh and
fifty-sixth hours after the challenge. The BPTs were
evaluated as follows: (1) the decrease of FEV, or both
FEV, and VC of less than 10% with respect to
the control values as negative, from 10% to 20% as
doubtful, and of 20% (provocative dose causing a 20%
fall in FEV,) or more as positive; (2) the decrease in
FEV, within 60 minutes after allergen challenge, re-
corded at a minimum of three consecutive time in-
tervals, was considered to be a positive IAR; the
decrease in FEV, within a period of 4 to 24 hours after
allergen challenge, recorded at a minimum of three
consecutive time intervals was considered to be a
positive LAR.All bronchial challenges were performed
with allergen extracts in a standard dilution sequence
(pollen allergens 1:100, 1:10, and undiluted; and
perennialallergens 1:10, 1:5, 1:2, and undiluted), with
respect to the basic concentrations described above

A timeinterval of 6 days was always inserted betv’
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FIG, 1. Isolated late asthmatic response (ILAR)to allergen challenge andthe protective effects of

NSin five patients. The mean percentage change in FEV, values calculated from the nonpre-
treated ILARs (©), the ILARs pretreated with NS (a) and with placebo (4), and from PBScontrol
challenges (x).
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FIG, 2, Dual late asthmatic response (DLAR}to allergen challenge (DLAR, immediate + late) and
the protective effects of NS in nine patients. The mean percentage change in FEV, values

calculated from the nonpretreated DLARs (0}, the DLARs pretreated with NS (c) and with placebo

(A), and from PBS control challenges (x).
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TABLE Ill. Mean maximum percentagefalls from prechallenge baseline FEV, during LAR due to

allergen inhalation
 

Type of response Study treatment
 

No treatment

Placebo

NS

No treatment

Placebo

NS

Notreatment

Placebo

NS

Dual LAR (72 = 9)

Isolated LAR (n = 5)

All LARs (n = 14)

Treatment difference (all):
Standard deviation (df)

p Value
Treatment order
Treatmenteffect
(Treatment x responder type)

Baseline FEV, (L) Max % fall in FEV,

3.44 + 1.12 37.1595

3.43 + 1.10 28.5 = 19.05

3.42 + 1.08 11.4 = 15.00

3.22 + 0.85 39.7 + 7.81

3.20 + 0.86 42.1 + 16.48

3.20 + 0.88 14.3 + 11.29

3.36 + 1.01 38.0 + 6.07

3.35 + 0,99 33.4 + 18.77

3.34 + 0.98 12.4 + 13.40

0.067 14.93

0.78 0.18

0.78 0.003*

(0.84) (0.40)
 

*p < 0.01.

the consecutive bronchial challenges. The concentra-
tion of allergen producing a significant asthmatic re-
sponse (FEV,fall =20%) of any type was considered
to be a final dose and wasalso used for the protection
tests. All bronchial challenges, both nonpretreated
and pretreated, were supplemented by recording of
various bronchial and general complaints and symp-
toms (Table I).

Control test with PBS

Acontrol test with PBS was performedin all patients
3 days before the bronchial challenge with allergen, and
the spirometric values were recorded for up to 56
hours. Results of the control test were considered to be
negative when the changes in FEV, values varied
within 8% with respect to baseline values.

Drug administration and schedule of

protection tests

Nedocromil sodium(Tilade) (1 puff = 2 mg NS) and

placebo were used in the form of a metered pressurized
aerosol. Each treatment consisted of 2 puffs adminis-
tered at 3 time intervals (90, 60, and 30 minutes) before

the predicted onset of the LAR.
The protection tests with NS and with placebo were

performed with a time interval of 5 days, in the same
way and according to the same schedule as that used
for the nonpretreated allergen challenge. The design of
the study was randomized, double-blind, crossover, pla-

cebo-matched.

Statistical analysis

The FEV,before allergen challenge (baseline yalue)

and the percentage change in FEV, after challenge
were compared by analysis of variance with patient,

treatment, and study day as factors. The maximum
percentage fall in FEV, during the LAR was taken as
the primary variable, although the fall in FEV, at each
time point was also analyzed. The nonparamctric
method of Koch* was used to confirm the primary
analysis. The possible difference in treatmenteffects on
the LAR between isolated and dual responders was
examined by meansof analysis of variance with treat-

ment and responder type as factors. A two-tailed sig-
nificance level of 5% was used throughout. Ap value of
less than 0.05 was considered to bestatistically signifi-

cant, a p value of less than 0.01 to be distinctly signif-

icant, and a p value of less than 0,001 to be highly
significant.

RESULTS

The 14 patients developed 14 LARsto allergen
challenge. Each LAR began between 4 and 6
hours, reached its maximum between 8 and 10

hours, and resolved within 12 to 24 hoursafter the

allergen challenge. Five patients demonstrated an
isolated late response (Fig. 1), and nine showed a
dual late response, which is a combination of an

immediate and a late response (Fig. 2). All LARs
were highly significantly positive as compared
with PBS control challenge (p < 0.001). During
the nonpretreated LAR, the mean maximum per-
centage fall in FEV, was 38.0% (range, 25.6% to
50.0%) from a mean baseline value of 3.36 L
(range, 1.60 to 5.30 L) (Table IIL). There were no
withdrawals from the study. Some patients
needed rescue therapy, a single inhalation of 100
ug salbutamol, when their FEV, fell below 50%

during the nonpretreated LAR or during admin-
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FIG. 3. LAR to allergen challenge and the overall protective effects of NS in all 14 patients. The
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pretreated with NS (c) and with placebo (4), and from PBScontrol challenges(x). Significance of

the protective effects of NS on the LAR as compared with those of placebo: *p < 0.05;

**p < 0.01; “0.05 < p< 0.1.

istration of placebo, The values obtained after
salbutamol administration were excluded from
the analysis. None of the patients required rescue
therapy after administration of NS. All PBS
control challenges were significantly negative

(p > 0.2) (Figs. 1 and 2).
NS prevented 12 cases of LAR (86%) signifi-

cantly (p < 0.01) and wasineffective in two LAR
cases (14%) (p = 0.05). The mean maximum per-
centage fall in FEV, during the LAR pretreated
with NS wassignificantly reduced (p = 0.003) and
showed an improvement of 21.0% as compared

with placebo (95% confidence interval = 8.6% to
33.2%). Only three of the 14 patients demon-
strated a fall in FEV, greater than 20% after NS

pretreatment. This protection lasted over the en-

tire time course of the LAR, showingsignificance

(p < 0.05) whether viewed from 6 to 10 hours
after allergen challenge or from 2.5 to 6.5 hours
after the first treatment dose, allowing for indi-

vidual variation in the time of onset.
Placebo demonstrated slight protective effects

in two cases of LAR (14%) (p s 0.05) and was

fully ineffective in 12 cases of LAR (86%)
(p > 0.05). Eleven of the 14 patients showed a
maximum fall in FEY, of more than 20% after
placebo treatment.

The overall protective effects of NS on the

LAR as compared with those of placebo were
found to be highly statistically significant (0.002 <

p < 0.01) (Fig. 3). The treatment differences
were slightly greater in patients with isolated

LAR. However,analysis of variance indicated no
significant differences. between the two LAR
types in comparing test treatments (Table II).

In all patients studied, the bronchial, as well as

general, complaints accompanying the nonpre-
treated LAR were distinctly prevented by NS but

not by placebo (Table IT).

DISCUSSION

The LAR may play an important role in bron-
chial asthma and may be responsible forfailure of

the usual treatment in these patients.® ”

The views on the pathophysiologic and immu-

nologic mechanisms leading to the LAR, how-
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ever, vary. Some investigators have suggested in-

volvement of the late hypersensitivity and IgG
antibodies in the LAR." © * '* **- 7° Other investi-
gators have presumedthat immediate hypersensi-
tivity, mediated by IgE antibodies, on involvement

of mast cells (and/or basophils), may play the
main role in the LAR.'* '* Others have assumed
that various combinations and modifications of
the above-mentioned mechanisms may be in-
yolved.!* 27-29

In our opinion, the LAR should be regarded as
a clinical phenomenon,defined by the appearance
of bronchoconstriction, accompanied by other
symptoms and changes, within 4 to 12 hours after
allergen exposure.* ” '°!? Although the pathoge-
netic and immunologic mechanismsleading to the
LAR could be different, the late type of hyper-
sensitivity should be regarded as one of the pos-

sibly involved mechanisms but certainly not the

only one.® ” ** +? Nevertheless, evidence has been
provided for involvement ofvarious inflammatory
mechanismsincluding various cell types, chemical
mediators, and chemotactic factors in clinical

LAR.* This very complex topic is extensively
discussed elsewhere.® * '* 343
Some investigators have presumed the role of

IAR in the development of the LAR and postu-
lated that the LAR is preceded by an IAR.* “
Ourresults, which demonstrate unequivocally the

existence of an isolated form of LAR, do not

agree with this presumption.** '°"? 7
Because the LAR has been recognized as an

important clinical phenomenon, its pharmaco-
logic modulation has also become a current top-

ic.” * "> >! The effects of various drugs have been
studied with varying results.+ The antihistamines,

anticholinergics, and theophylline derivatives did

not demonstrate any significant effects; 8-agonists
were slightly effective; while disodium cromogly-
cate (DSCG), corticosteroids, and NS showed

significant protective effects on the LAR.+
The comparative studies of the effects of

DSCG and topical corticosteroids (beclometha-
sone dipropionate [BDP] and budesonide) on the
LAR are not numerous." '* '’ *' In our previous
studies, both DSCG and BDP/budesonide signif-

icantly prevented the LAR (p < 0.01), with small
differences."* ™ In patients who had the dual
response, however, the [AR waspreventedsignif-

icantly by DSCG (p < 0.01), although not by BDP

 
*References 6, 7, 10-13, 16, 26, 27, 30-36.

+References 10, 11, 15, 17, 21-23, 36-42,
+References 10, 11, 15, 17, 21-23, 31, 36, 37, 39-42.
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(p > 0.05)."" Similar results were also reported
by Pepys and Hutchcroft' and Cockcroft and
Murdock.”

In our preliminary studies the patients with
dual asthmatic response were pretreated with
DSCG or BDP/budesonide for 48 hours before
allergen challenge. DSCG, the administration of
which wasfinished 10 minutes before the allergen
challenge, only prevented significantly the IAR
(p < 0.05), but not the LAR (p > 0.05). Al-
though if administration was continued up to 12
hours after the allergen challenge, it prevented

significantly both the IAR (p < 0.02) and the
LAR (p < 0.05).*” *' In contrast, BDP/budes-
onide demonstrated significant protective effects
on the LAR (p < 0.01) without any differences

between the two treatment schedules, but they
did not affect the IAR at all (p > 0.05)" *

Wealso compared the effects of a single dose
of DSCG or budesonide on the LAR, adminis-

tered either before or after allergen challenge
(before the onset of LAR), in patients with dual

asthmatic response. (Some of these data have not
yet been published). DSCG administered 30 min-

utes before allergen challenge prevented the [AR

significantly (p < 0.05) but did not affect the
LAR (p > 0.05). The DSCG given 1, 2, 3, or 4

hours after the challenge did not prevent the
LAR (p > 0.05). The budesonide administered 30
minutes before the allergen challenge prevented

the LAR significantly (p < 0.01) but did not af-
fect the IAR (p > 0.05). Budesonide adminis-
tered 1, 2, or 3 hours after the allergen challenge

prevented the LAR significantly (p < 0.05).*
The differences in the pharmacologic modula-

tion of the early (LAR), as well as the late (LAR)
phase, of asthmatic response by DSCG and
BDP/budesonide, administered at various time
intervals with respect to the allergen challenge,
would suggest involvement of different mecha-
nismsin the early and in the late phase.*” ** The
allergen exposure may activate the mechanisms

that cause the IAR, or those that lead to the

LAR,or both the groups simultaneously, resulting
in parallel appearance of IAR and LAR. With

respect to these preliminary results, the so-called
“dual asthmatic response” may perhaps be con-
sidered as an appearance of two independent

responses.
The differences in the protective effects of

DSCG and topical corticosteroids (BDP/budes-
onide) on the particular types of asthmatic re-
sponse may be explained by their different phar-

macologic effects.* ** The effects of DSCG on
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the TAR, as well as on the LAR, could be ex-

plained by the ability of DSCG to protect mast

cells and basophils from degranulation and sub-

sequent release of mediators.** The glucocortico-
steroids possess a manifold antiinflammatory ac-
tivity including effects on the regulation of cyclic

adenosine monophosphate, cyclic guanosine
monophosphate, prostaglandins, various chemo-

tactic factors, complement parts, and vasoactive

kinins, as well as effects on various cell types (e.g.,
eosinophils, neutrophils and platelets).** “
NS has a number of unique pharmacolog-

ic properties, including antiinflammatory cf-
fects."**" * “° In animal in vitro studies, NS pro-
tected mast cells from degranulation” and inhib-
ited the secretory response of neutrophils.'? In
animalin vivo studies, NS inhibited the release of

histamine, leukotriene C, and prostaglandin D,
from mast cells in bronchoalveolar lavage and was
more potent in preventing antigen-induced bron-

choconstriction in primates than DSCG."" In
guinea pigs NS that was inhaled 15 minutes be-
fore the antigen challenge inhibited both IAR and

LAR,whereas salbutamol inhibited the IAR only.

When inhaled 6 hours after the challenge, NS

prevented LAR significantly, but salbutamol pre-

vented LAR only partially. NS also reduced ac-

cumulation of eosinophils, but not of neutrophils,

in bronchoalveolar lavage from these animals.”

In the human in vitro studies NS inhibited
histamine release from human “chopped lung”
and inhibited activation of eosinophils and neu-
trophils.!” NS also prevented the chemotactic fac-
tor-induced activation of cosinophils and neutro-
phils (formyl-methionyl-leucyl-phenylalanine) by
meansof inhibition of expression of their C3b and
IgG (Fc) membrane receptors,” the eosinophil
activation induced by platelet activating factor,

and the increase in IgG-dependent release of
leukotriene C, from human eosinophils.** NS, like

DSCG, was able to inhibit the sepharose-C3b-
induced protein release from eosinophil gran-

ules.”” NS also prevented the IgE-dependent ac-
tivation of human alveolar macrophages, blood

monocytes, and platelets and the release of their

mediators.*® NS showed a higher inhibitory ac-
tivity on the human mast cells from bronchoal-
veolar lavage and from dispersed lung fragments
than DSCG.**

In humanin vivo studies, when administered 30

minutes before the challenge, NS inhibited the

bronchoconstriction caused by inhaled sulfur di-

oxide, fog,°" ** and adenosine, but not by metha-

choline.’ In bronchial challenge studies with an-
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tigen, NS demonstrated significant protection on

both IAR and LAR, when. administered in a

single dose of 4 mg before the challenge.’ NS

inhibited the IAR to allergen challenge in pa-

tients with asthma to a higher degree than DSCG,
when administered in a single dose of 2 or 4 mg,
30 minutes, 2 hours, or 3 hours before the chal-

lenge.** * The safety of NS and a high measure of
tolerability have also been confirmed.”*! In long-
term clinical trials, NS demonstrated a significant
reduction in the requirement for steroids in pa-

tients with bronchial asthma.™
It can be concluded that NS shares some phar-

macologic effects with DSCG, especially those

concerning activities expressed on mast cells and
eosinophils. NS also demonstrates antiinflamma-
tory effects, which are similar to those of the

glucocorticosteroids. This unique position of NS
should be stressed, following the recognition of
the key role of inflammatory events in the patho-
genesis of asthma and theclinical importance of
the LAR.* 7, 10-13, 16, 33

According to our preliminary data and other
investigators’ findings, DSCG administered be-
fore the predicted onset of LAR wasnot able to
inhibit this response.*” ** Results of this study
show that NS, given 30 to 90 minutes before the
expected onset, inhibited the LAR significantly.

These data may indicate the differences in the
effects and properties between DSCG and NS,
and they also implicate the involvement of differ-

ent mechanisms in LAR and those in LAR. From
a practical point of view, these results demon-
strate an effective prophylaxis of LAR bya single
dose of NS given even after allergen exposure. NS
might therefore be considered a very promising
drug for the control and preventive treatment of
allergic bronchial asthma.

We thank Dr. I. Dicker, Mrs. P. Riley, and Mr. B.

Patel for their kind assistance with the preparation of
this manuscript and forthe statistical analysis.
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Bronchial responseto the food ingestion challenge
Zdenek Pelikan, MD, FACA and Marta Pelikan-Filipek, MD
 

A toial of143food ingestion challenges were carried out in 107 patients sufferingfrom bronchial asthma ofa
perennial type. In the group of21 patients with “positive or highly suggestivefood history" relaied to their bronchial
complaints, 21 food challenges were performed. In the group of86 patients with “unknownfoodhistory," 122 ingestion
challenges with foods causing a positive skin response were performed.

Fifteen ofthe 21 patients with “positivefood history" developed 15 (71%) bronchus-obstructive responses tofoods
ingested, while 45 ofthe 86 patients with “unknown food history” developed 68 (56%) bronchial responsesto thefood
ingestion challenge, Twenty-three isolated immediate (within 2 hours), 11 isolated late (4 to 24 hours), 34 duallate (a
combination ofan immediate and a late), 6 isolated delayed (28 to 56 hours), and 9 dual delayed (a combination of
an immediate and delayed) bronchus-obstructive responses were recorded. No significant correlation ofthe individual
types ofbronchial response to food ingested with other in vivo and in vitro diagnostic parameters werefound.

Although the exact pathogenetic and immunologic mechanisms underlying the particular types ofbronchial
response tofoods are not yet fully clarified, the involvementofdifferent types afhypersensitivity cannot be excluded. It
could be concluded that the involvementoffoods in bronchial asthma is morefrequent than is usually expected. The
diagnostic value ofthefood ingestion challenge seems to be superior to that ofother diagnostic parameters. The
definite confirmationofthe role ofa certain food, in paitents with bronchial asthma, should therefore be provided by
thefood ingestion challenge demonstrating one ofthe clinical types ofbronchus-obstructive response.

ABBREVIATIONS
BA =bronchial asthma
BPT = bronchial provocationtests
BR  =bronchus-obstructive re-

sponse
DDR = dual delayed bronchial re-

sponse
DLR =dual late bronchial re-

sponse
DR = delayed bronchial response
DSR = delayed skin response
FEV, =forced expiratory volume

in one second
IC = intracutancoustests
IDR =isolated delayed bronchial

response
IIR =isolated immediate bron-

chial response
ILR =isolated late bronchial re-

sponse
IR =immediate bronchial re-

sponse
ISR = immediate skin response

Someofthe results reported in this paper,
were presented as preliminary communica-
tions at the Fifth Charles Blackley Sympo-
sium in Nottingham (UK), July 8-13th,
1984" and at the XIth International Con-
gress of Allergology and Clinical Immunol-
ogy, Washington, October 20-25, 1985.4

Dr, Z. Pelikan is Director of the Dept. of
Allergology and Immunology, Institute of
Medical Sciences “De Klokkenberg”, Gald-
erseweg 81, 4836 AE Breda, The Nether-
lands.
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LR = late bronchial response
LSR = late skin response
NR =negative bronchial  re-

sponse
VC =vital capacity

INTRODUCTION
Bronchial asthma has classically
been attributed to the immediate
hypersensitivity mechanism (Type I
allergy), caused predominantly by
“inhalation” allergens.’ Later, evi-
dence has been generated that other
types of immunologic mechanisms
might also be involved in bronchial
asthma.'* This evidence was sup-
ported by demonstration ofthe so-
called “non-immediate asthmatic
responses”to allergen challenge, the
late and delayed response,'~’
The role of food allergy in pa-

tients with bronchial complaints is
still underestimated by clinicians
because (1) of the dearth of infor-
mation in this area, (2) The involve-
ment of foods in patients with al-
lergic disorders is very complex and
has various forms, of which the hy-
persensitivity mechanism dueto the
foods is only one. (3) The diagnostic
procedure and confirmation of the
involvement of adverse reactions to
foods in the patient’s complaints is
a difficult problem.

We have presented some of our
observations concerning involve-
ment offoods in patients with bron-
chial asthma®?
The purpose of the present study

was to investigate the possible role
of foods in patients with BA, the
frequency of such a role as well as
the bronchial response 10 the food
ingestion challenge, its clinical fea-
tures, types and correlation with
otherin vive and in vitro diagnostic
parameters. The value of food inges-
tion challenge and the other diag-
nostic parameters for the diagnostic
assessment of the role of foods in
patients with bronchial asthma is
also evaluated,

MATERIALS AND METHODS
Patients

One hundred and seven patients be-
tween 20 to 50 years of age were
studied. These patients, suffering
from BA with an allergic compo-
nent of a perennial type for longer
than 3 years, were characterized by
reversible bronchoconstriction al-
ternating with symptom-free pe-
riods,

In these patients, a routine diag-
nostic procedure including 241 BPT
with “inhalation”allergens was car-
ried out. The food-focused history,
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IC with basic and,if necessary, with
supplementary series of food ex-
tracts, ingestion challenge with se-
lected foods, in combination with
spirography, were also performed.
Their pulmonary functions did

not demonstrate any restrictive
changes. They did not suffer from
any chronic or acute infections of
the airways and they had not had
immunotherapy or used oral corti-
costeroids. None of the patients
studied had suffered an anaphylac-
tic or other serious life-threatening
reaction to foods in the past. The
patients were investigated during a
period without manifest bronchial
complaints. All BPTs were per-
formed during hospitalization un-
der standard conditions. Use of
aerosolized corticosteroids and di-
sodium cromoglycate was stopped
at least 4 weeks before the study. No
other anti-allergic therapy was given
during 48 hours, and no broncho-
dilators during 24 hours priorto this
study. The foods selected for the
ingestion challenge, as well as the
related foods were always avoided
by the patients for at least seven
days before the ingestion challenge.
The patients were divided into

two groups: (a) 21 patients with
“positive or highly suggestive food
history” concerning one or more
foods related to their bronchial
complaints, of which in four pa-
tients the history was suggestive
only to foods, while in the other 17
patients the history was positive or
highly suggestive, not only to foods
butalso to various “inhalation aller-
gens.”° Group two consisted of 86
patients with an “unknown food
history” with respect to their bron-
chial complaints. In these patients
the foods for ingestion challenge
were chosen with respect to the pos-
itive skin tests, RAST, or to the
frequencyof their consumption.

Allergensfor Skin Tesis
The dialyzed and lyophilized food
extracts were diluted in Coca’s so-
lution (dry weight of food extract in
mg per | mL of Coca’s solution)
(Diephuis Laboratory, Groningen,

 

The Netherlands) and used in the
following concentrations: cheese
(eg, young or old Gouda, Frisian
cheese, Leerdammer cheese, etc),
egg white and yolk—each in | mg/
mL; nuts, chocolate, cocoa, dutch
sweets, wines, beers—each in 0.5
mg/mL; meats (eg, pork, beef, lamb,
chicken, etc), spices, beans (eg,
green beans, brown beans, broad
beans, etc)—each in 0.2 mg/mL;all
other foods such as individual veg-
etables, fruits, fish, crustacea,
honey, ete—each in 0,1 mg/mL.

Skin Tests
The scratch tests were performed
first and evaluated after 20 minutes.
If these were negative, the IC were
carried out (injection of 0.05 mL
extract intracutaneously) and eval-
uated after 20 minutes, 4, 8, 12, 24,
36, 48, 60, 72, 84, and 96 hours and,
if necessary, for longer, up to com-
plete disappearance of the reaction.
The skin response appearingafter

the scratch as well as the IC were
evaluated according to the following
criteria; — = normal skin appear-
ance; + = wheal up to 5.0 mm in
diameter; + = wheal up to 7.5 mm;
++ = wheal up to 10 mm; ++ =

wheal up to 12.5 mm; +++ = wheal
up to 15.0 mm; +++ = wheal larger
than 15.0 mm, sometimes with
pseudopodia; and ++++ = ex-
tremely large wheal of more than 25
mm, The responses — and + were
interpreted as negative, and those of
+ Or more as positive.
The positive skin response, ap-

pearing within 20 minutes, was con-
sidered to be an ISR, response ap-
pearing between 6 to 24 hours to be
a LSR,and response appearing after
48 hours to be a DSR.

Spirography
The VC and FEV,were recorded by
means of a spirograph (Lode Co,
Groningen, The Netherlands,
Model D-75). The Coca’s solution
was inhaled in the form of an aero-
sol, administered by means of the
Wiesbadener-Doppel-Inhalator at
an air flow of 10 L/min. The FEV,
was considered to be the basic pa-

 

===

rameter for the assessment of the
bronchial obstruction.

Food Ingestion Challenge
The open food ingestion challenge
was performed by the following
schedule (Fig 1): (1) recording base
values (“initial values’) at zero, five,
and ten minutes; (2) inhalation of
Coca’s solution for ten minutes and
then recording of the Coca’s solu-
tion values (control) at zero, five,
and ten minutes, If no significant
changes of the mean “Coca’s solu-
tion values” with respect to the
mean “initial values” were mea-
sured (<5 + 2%), the investigation
was continued. (3) The appropriate
food was ingested within five min-
utes and then a |-hour waiting in-
terval always followed in order to
allow the food to be digested. Dur-
ing the 1-hour waiting interval, the
YC and FEV, were measured four
times to exclude an unexpected or
too early bronchial response. (4)
“Food challenge values.” After the
1-hour waiting interval, the actual
post-challenge spirographic param-
eters were recorded at 0, 5, 10, 20,
30, 45, 60, 90, and 120 minutes and
then every hourup to the | 2th hour
and every second hour during the
24 to 36th and the 47 to 56th hour
intervals, after the end ofthe chal-
lenge. The spirographic parameters
were evaluated as follows: (a) de-
crease of FEV, or both FEV, and
YC ofless than 10% with respect to
the control values were considered
negative, between 10% to 20% as
doubtful and of20% (PD) or more
as positive. (b) The decrease of FEV,
or both FEV, and VC, recorded at
least at three consecutive time inter-
vals, was considered to be a positive
bronchial response. (c) A bronchial
response appearing within two
hours after the food ingestion, fol-
lowed by the l-hour waiting inter-
val, was considered to be an IR;that
occurring between 4 to 24 hours to
be a LR; and that appearing after
more than 24 hours a DR.

In the event of the patient devel-
oping a decrease in FEV, of40% or
more, a single inhalation of salbu-
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Figure 1 Schedule of food ingestion challenge combined with spirography.

Table 1. Review of Individual Foods Used for the Ingestion Challenge (n = 143),
 

11], shri 5 (5), Dutch sweets 5 beans 4
ooLeruts?)ehonesthy SADcipal
busbar2s 3(0)spoon

I. Basic foods
Il, Foods with a weldohnedsoe

|. Basic foods of “solid consistency’ateof 100 g: cheese 18 (12), peanuts415 (9), chocolate 15
. honey 3 (2), park 3 (2), £99 2 (2), cucumber 2 (1),
(") oy ont (1), lettuce (1), strawberries 2 (1),

eeemeepanna30)mre mushrooms 1 (1), @ 1 (1).
200 mL ear

ur, eee or consistency, on
of milk 18 (9), Sorecule 1).Hie oes (1),

ai
titiesingestion of 5 on brown bread with butter or in 100 mL of aie pees nutmeg 1 (0),

a ger1(0va(0), van1 Oevegetables — onion 3 S),garlic 2 (2); and varia: butter
soft—ingestion of 100m

Biosgeatenionofgtae cognac 1 (1).
Leach af beer 7 (3), wine 10 (4),Wherry 2 (1k 6)
 

* The numbers in parentheses indicate positive bronchial response of some type to the particular food (n =
83).

tamol aerosol (100 zg) was given in
order to stop a further drop. If the
bronchial response required more
extensive treatment, the patient was
excluded fromthis study.
Foods Usedfor Ingestion
Challenge
The foods used for ingestion chal-
lenge were identical to those usually
used by the patients in order to ob-
tain the highest degree of simulation
and reproducibility. The quantities
of the individual foods for the inges-
tion challenge. corresponding
roughly to the real consumption by
the patients and the frequency of
the ingestion challenge with the par-
ticular foods, are presented in Table
Fr;

The Control Test
The control ingestion challenge with
either cooked rice, glucose solution
or cooked potatoes, the choice of
which depended on the patient's
problem, was performed in the same
way and according to the same
schedule as the experimental food
ingestion challenge in all patients
with a positive bronchial response
to food (n = 83).
Doubie-blind Food Challenge

In 22 patients, a double-blind inges-
tion challenge with the same foods

was also performed six days later in
order to compare both of the tech-
niques. The technique used was
identical to that described by other
investigators.!>!72530 The schedule
of the double-blind challenge was,
however, identical to that used by
us for the open challenge.

Reproducibility ofthe Food
Ingestion Challenge
In 14 patients, the open ingestion
challenge with the same foods was
repeated 2 weeks later to evaluate
the reproducibility of this test.

Control group ofpatients
In a control group of 12 patients
suffering from atopic eczema, who
had never had any nasal or bron-
chial complaints, 12 ingestion chal-
lenges with selected foods, corre-
sponding with the positive skin
tests. were carried out. These pa-
tients were considered by us to be
control patients with respect to the
method of food ingestion challenge
as well as to the technique ofspirog-
raphy used.

RAST
Specific IgE antibodies to the foods
in the serum were determined quan-
titatively in the Central Laboratory
of the Dutch Red Cross Blood
Transfusion Service (CBL) in Am-

166

=

sterdam by Dr. R. Aalberse and Dr.
C. Aaij.

Single Radial Immuno-difjusion
(Mancini technique)
The determination of the IgG, IgM,
and IgA antibodies in the serum was
performed by means ofthe standard
plates, a product of Kallestad Co,
USA and provided by “De Beer Im-
munological Supplies,” The Neth-
erlands,

Blood Leukocyte and Eosinophil
Count

Blood leukocytes and eosinophils
were counted four times on the day
before the ingestion challenge, five
times on the day of the challenge
(60 minutes before and 1, 4, 8, and
11 hours after the challenge), and
four times on each of the two days
following the challenge day. The
counting was performed using flow
cytometry (4-chloro-1-naphthol and
peroxidase staining).

Bronchial and Other Complaints
These were recorded during the
whole test up to 56 hours after the
ingestion challenge at least and, if
necessary, up to complete disap-
pearance.

Statistical Analysis
The Student's t test was used for the
statistical evaluation of the results.
A P < 0S was considered to be
statistically significant.

RESULTS
A total of 143 food ingestion chal-
lenges were performed in 107 pa-
tients. In the group of 21 patients
with “positive or highly suggestive
food history” 21 food challenges,
andin the group of86 patients with
“unknown food history” 122 inges-
tion challenges were performed.

Three basic types of BR to food
ingested were recorded:(1) the IR =
onset within 10 to. 20 minutes, max-
imum within 30 to 45, and resolving
within 120 minutes; (2) the LR =
onset within 4 to 6 hours, maximum
within 5 to 12, and resolving within
24 hours; (3) the DR = onset within
28 to 32 hours, maximum within
32 to 36, resolving within 48 to 56

SEES
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Figure 2 The mean percentage changes in the FEV,calculated from all patients with the same
type of bronchial response to the food ingestion challenge. IC] = IIR = isolated imme-
diate bronchial response (n = 23), O——O = DLR = dual late bronchial response (n = 34);
@_——-® = ILR = isolated late bronchial response (n = 11); A——A = DDR = dual delayed

bronchial response (n = 9); A- -~ —A = IDR isolated delayed bronchial response (n = 6); and
x----x = control ingestion challenge (n = 83).

Table 2. Review of Bronchial Response Types Recorded in the “Positive Food History" Group
and in the “Unknown Food History” Group
 

 

 

_ Food Bronchial Response’

Challenges IIR LR DLR) IDR--s«~éDDR-—s NNR
sTeaatate oF highly suggestive 21 4 3 6 1 1 8
coe group (patients

)
“Unknown food history" group 122 19 8 28 5 8 54
(patients n= 86)
 

*For definitions of IR, ILR, DLR,atc, see “Abbreviations.”

hours after the food ingestion chal-
lenge, followed by a 1-hour waiting
interval. Beside the three basic types
of bronchial response recorded in
an isolated form, two other modifi-
cations were also observed, the so-
called “dual late bronchial re-
sponse,” being a combination of an
immediate and a late response, and
the “dual delayed bronchial re-
sponse,” being a combination of an
immediate and a delayed bronchial
response (Fig 2).

The “Positive or Highly Suggestive
Food History” Group
Ofthe 21 patients belonging to this
group, in whom 21 food challenges
were performed, 15 patients devel-
oped 15 (71%) bronchial responses
to foods as follows: four IIR (19%),
six DLR (28%), three ILR (14%),
one DDR (5%), and one IDR (5%).
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The remaining six patients did
not develop anysignificantly posi-
tive bronchial response during six
food ingestion challenges, which are
therefore called six negative bron-
ie responses (NR) (29%) (Table

The “Unknown Food History”
Group

Ofthe 86 patients belonging to this
group, in whom 122 food ingestion
challenges were performed, 45 pa-
tients developed 68 (56%) bronchial
responses to foods as follows: 19 IIR
(16%), 28 DLR (22%), 8 ILR (7%),
eight DDR (7%), and 5 IDR (4%).
The remaining 41 patients did not
develop any significantly positive
bronchial response to foods during
the 54 food ingestion challenges,
They are therefore called 54 NR
(44%) (Table 2),

Statistical Evaluation

The individual types of bronchial
response were statistically signifi-
cantly positive when compared with
the control ingestion challenge; IR
(P < .01), LR (P < .05), DR (P<
.05).

The Control Test
The 60 control ingestion challenges
performed in all patients demon-
strating a positive bronchial re-
sponse of any type were negative.
The changes in FEV,, measured
during the control challenges, were
statistically non-significant (P = .1).

Double-blind Food Challenge
In the 22 patients developing four
IIR, five DLR, three ILR, four
DDR,three IDR, and three NR due
to the food ingestion challenge by
open schedule, the food ingestion
challenge by a double-blind sched-
ule was carned out six days later.
Onepatient, developing the IIR by
the open challenge, demonstrated
DLR by double-blind challenge.
One patient showing the DLR to
the open challenge developed an IIR
by the double-blind schedule. The
Temaining 20 patients developed
similar bronchial response after
both the challenge techniques. The
bronchial responses recorded after
the open challenge and those after
the double-blind challenges did not
demonstrate any statistically signif-
icantdifferences (P > .05).

Reproducibility ofthe Food
Ingestion Challenge
None of the 14 patients with re-
peated food ingestion challenge(five
IIR, five DLR, two ILR, one DDR,
one NR) demonstrated anystatisti-
cally significant differences between
the first and the second challenge
(05 <P<.1),

Control Group ofPatients

Noneof the 12 control patients de-
veloped any significant bronchial or
nasal response to the food ingestion
challenge (P > .1). Five of these
patients, however, demonstrated an
acute activation of eczematic erup-
tions; one, a whole-body itching;
and one, a severe headache.
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Table 3. Review of Other Diagnostic Parameters and Their Association with Individual Types
of Bronchial Response to Food Ingestion Challenge

Response Related
Bronchus-obstructive Response
 

 

arameters Immediate Late (LR) Delayed Negative
(IR) n = 66 n=45 (R)n= 15 (NR)n = 60

Posibve Skin response
immediate 37 (58%) 11 (18%)
late 22 (49%) 7 (12%)
delayed 6 (40%) 1 (2%)

Positive specific IgE in the 14 (17%) 4 (9%) 0. (0%) 4 (6%)
serum (RAS

increased IgG in the serum 10 (15%) 17 (38%) 0(0% 2 (3%)
Increased IgMin the serum Q (0%) 8 (18%) 0 (0% 0 (0%)
Increased IgA in the serum 1 (256) D (B%) 0 (0% 1 (2%)
Increase in e0sino- 12/2 (35%/3%) 22/21 [49%/47%) 0/8 (0%/20%) 2/2 (3%e/3%)

phils/leukocytes
Bronchial complaints 66 ieee 45 (100%) 15 (100%) ; (8%)
Dyspnea 63 (95: 44 (98% 15 (100%) Digo)
Wheezing 64 std 45 (100%) 3 (20%) 0 (0%)
Gough (non-productive) 3 (5%) 23 (51%) 0 (0%! 3 (5%)
Pressure on the chest 2(3) 18 (40%) 1 (7%) 2 (3%)
 

Table 4. Survey of the Skin Response Degreesin Individual Types of Bronchial Response to
Food Ingestion Challenge

Bronchial Response
 

Intracutaneous Tests

 

immediate Late Delayed Negative
(IR) n= 66 (LR)n=45 (OR)n=15 (NR) n = 60

Negative
= 21 13 5 29
+ 8 10 0 12

Positive
+ T § 1 9
+t 10 1 0 5
++ ab 8 0 4
++4 5 6 4 Q
+44 3 2 1 0
+++ 1 0 0 9
 

The Other Diagnostic Parameters
The association of the particular
types of bronchial response to food
ingestionchallenge with other diag-
nostic parameters is reviewed in Ta-
ble 3.

Disease history. In the “positive
food history” group, 15 of the 21
foods presumed from the history,
caused a bronchial response ofsome
type (71%). In the “unknown food
history” group, 68 of the 122 foods
caused a bronchial response ofsome
type (56%). The overall correlation
between the disease history to foods
and the bronchial response of some
type, due to the ingestion of the
appropriate foods, was found to be
non-significant (P > ,1).

Skin response. A positive ISR was
found in 37 of the 66 cases of IR
(56%), a positive LSR in 22 of the
45 LR cases (49%), and a positive
DSR in 6 of the 15 cases of DR
(40%). The correlation between the
skin and bronchial response was
found to be non-significant (P >

.05), In 19 of the 60 cases of NB
(32%) the skin tests were, however,
positive (Table 4).

Specific IgE antibodies in the
serum. Pharmacia score—grade 3 or
4 were positive in 11 of the 66 cases
of IR (17%), in 4 of the 45 cases of
LR (9%), and in no case of DR
(0%). This correlation was not sat-
isfactory (P> 1).

Concentration af lgG, IgM, and
IgA antibodies in the serum. The
IgG increased (>18 g/L) during ten
cases of IR (15%) and during 17
cases of LR (38%). The IgM in-
creased (>3.8 g/L) in eight cases of
LR (18%). The IgA increased (>4.0
g/L) during one IR (2%) only. No
statistically significant correlation
was, however, found between any
type of bronchial response and these
antibodies (P > .05).

Increased blood leukocytosis (>10
xX 10°/L) was found during 2 IRs
(3%), 21 LRs (47%), and 3 DRs
(20%), while the increased blood eo-
sinophilia (>300 x 10°/L) appeared

during 23 IR cases (35%), 22 LR
cases (49%), and no DR case (0%).
Body temperature increased

slightly (between 37 to 38 °C = 98.6
to 100.4 °F) during three LR cases
(7%) and during six DR cases
(40%).

Bronchial complaints. All cases of
bronchial responseto food ingestion
were accompanied by bronchial
complaints, however, to various de-
grees. The IR was accompanied by
dyspnea and wheezing; the LR by
dyspnea, wheezing and dry, non-
productive cough: and the DR by
dyspnea only.

General malaise complaints ap-
peared during 27 bronchial re-
sponses (33%) and that during 8 IRs
(10%), 15 LRs (33%), and 4 DRs
(27%).

Other organ response and other
complaints recorded after the food
ingestion challenge are summarized
in Table 5.

The Effect ofthe Elimination Diet
According to the patients’ reports,
avoidancefor 8 to 12 monthsof the
individual foods causing the posi-
tive bronchial response of any type
led to a distinct decrease in the bron-
chial complaints in 93%.

DISCUSSION
The “food allergy” or “food hyper-
sensitivity” is a clinical manifesta-
tion of an immunologic process, in
which foods, their parts or their
metabolic derivates are able to act
either as antigens or haptens to stim-
ulate the production of antibodies
against them orto sensitize the cells.
The foods are then also able to in-
teract with these antibodies or sen-
sitized cells upon the involvement
of other parts of the immunologic
system, which results in hypersen-
sitivity.2>'5
Food allergy should be differen-

tiated from other disorders which
could also be caused by foods, but
which are, however, due to a com-
pletely different mechanism (eg, in-
tolerance, non-specific hyperreac-
tivity, histamineliberation, idiosyn-
crasy, non-immunologic reactions
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Table 5, Review of Other Organs’ Response and Complaints Appearing After the Food

 

Bronchial Response to Food Ingestion
 

 

Ingestion Challenge

Immediate

: BSSESS
Conjunctival injection and itching 2 (3%)
Nasal obstruction 4 (6%)
Increase in middie ear pressure 0 [0%
Response of sinuses (pressure, acute 1 (2%
9“oral of sinus-mucosa) 131008)
2 ia %e

3 0 (0%
Aoeuro edema 1 (2%
herons In body temperature (>37 °C 0 (0%.

lary)
Gastrointestinal complaints (nausea, 3 (5%

vomitting, diarrhea)
Generalmalaise complaints 8 (12%)

 
er Delayed Negative
n= : n=15 n= 60

— 1 (7%) 0 (0%)
2 (4%) 3 (20%) 1 (2%)
1 es 1 teen) 0 (0%)
3(7%6) 0.10%| 1 (2%)

17 (88%) 8 (53%) 2 (3%)
2 (4%! 4 (27%) 1 (2%)
1 ox 4 (27%) 0 (086)
3 (7%) 6 (40%) 0 (0%)

4(9%) 3 (20%) 1 (2%)
16 (33%) 4 (27%) 1 (2%)

 

to non-controlled or controlled (ad-
ditives) chemical compounds, mi-
croorganisms and their products,
ete), 1243!

With respect to the lack of exact
data in many patients developing
reactions to foods (eg, regularly no
antibody of any class could be de-
tected, no part of the food respon-
sible for the patient’s response is
known, the cxact pathogenetic and
immunologic mechanism involved
in the patient’s response remains
unknown, etc), the term “food al-
lergy” seems to us to be slightly
uncertain. It would therefore be
more appropriate to speak of “ad-
verse reactions to foods,” while the
real food hypersensitivity remains
one of the suspect mechanisms, '***
The additives, which are con-

trolled chemical compounds in
foods, form a special problem and
not only with respect to their
large number, heterogeneity, varia-
tions in their use, but also the lack
of sufficient knowledge concerning
their mode of action, involvement
and pathogenetic mechanisms.'*

The participation of foods in the
patients with bronchial asthma and
the role of the food allergy in pro-
ducing bronchial complaints has
been regularly discussed in the lit-
erature?!) 15,17,20,22,27,30-32,34-37,39

Although this role has become
recognized, the involvement of
foods through the hypersensitivity
mechanism has been suggested
as one of the possible mecha-
nisms.2- 11,14,15=17,19-23,26-30, 34-37
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There is a dearth of information
concerning the clinical features of
the bronchial response and its var-
ious types due to food ingestion
challenge as well as their correlation
with other fn vivo and in vitro diag-
nostic parameters in a large number
of sufficiently defined and selected
patients. The three types of bron-
chus-obstructive response to the
food ingestion challenge recorded in
this study correspond with the basic
types of asthmatic response to the
bronchial challenge with inhalation
ale previously reported by

The individual types of bron-
chusibbanictie response to food
ingestion challenge can be associ-
ated with other diagnostic parame-
ters, to varying degrees, as reviewed
in Table 3.
The positive disease history for a

certain food with respect to the
bronchial response of any type was
confirmed in 71% of patients in this
study. Contrary to this, patients
with unknownhistory for foods de-
veloped a bronchial response of
some type after a food ingestion in
56% of patients, These results indi-
cate that a positive history for cer-
tain foods in bronchial asthma pa-
tients is a valuable diagnostic pa-
rameter, while the unknownhistory
for certain foods cannot exclude
such a role. These results confirm
the diagnostic value of the food
ingestion challenge.
The diagnostic value of skin tests

with food extracts has frequently
been discussed in the literature from
controversial points of view, Some

investigators found the skin test a
useful diagnostic parameter for the
food allergy, '%!7:21252

Wefoundthe positive ISR in 56%
of IR to food ingestion, the positive
LSR in 49% of LR,and the positive
DSR in 40% of the DR cases, On
the other hand, in 32% of the neg-
ative bronchial responses a positive
skin response was also found. The
correlation between the positive ISR
and the positive IR to food of 56%
is not in full agreement with other
investigators’ data, reporting cither
a lower (30%) or higher correlation
(90%).'’"5°? This discrepancy can
sey be attributed to differences
in the patients investigated. Our pa-
tients formed a “homogenic group,”
all of them suffering from bronchial
asthma, while the other investiga-
tors’ patients suffered from various
alleraic disorders,*?? Our result of
32%positive skin responses in pa-
tients with negative bronchial re-
sponses to foods, corresponds with
Atkins et al** finding of 21% false
positive skin tests. It could be con-
cluded that skin tests with food ex-
tracts should be considered a screen-
ing diagnostic parameter only, while
the definite confirmation of the role
of a particular food in bronchial
asthma should be provided by the
food ingestion challenge.**'*'”
The specific IgE antibody in the

serum (RAST) for the appropriate
foods was found in only 17% of the
IRs, in 9% of the LRs, and in 0% of
the DRs, In 6% of the negative
bronchial responses, the RAST was
positive for the particular food. This
unsatisfactory correlation between
the RAST and IR to foods is in
agreement with our previous
studies**? as well as with otherin-
vestigators’ results.°°3°?
The increased serum concentra-

tion of IgG antibodies was found in
15% of IR, in 38% of LR, and in
0% of DR, while that of IgM was
found in only 18% of the LR cases.
These results, despite their being sta-
tistically non-significant (P > .05).
could suggest some involvemento}
IgG and IgM antibodies in some

——
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>ases of bronchial responseto foods,
especially of the LR type.7)!4!8-
222.2627 3038-41

The increase in blood eosinophil
count in 35% of IRs and especially
in 49% of LRs may suggest the in-
volvement of eosinophils in both
the clinical types of bronchial re-
sponse to foods; however, these re-
sults were not statistically signifi-
cant. The blood leukocyte count in-
creased during 47% of the LR cases.
Both these results can probably be
explained by Durham et al? sugges-
tion of the role of eosinophils and
neutrophils in the late-phase asth-
matic reactions. They could also be
suggestive for a possible involve-
ment ofdifferent mechanismsin the
individual types of bronchial re-

sponse to foods.
The IR was accompanied by

dyspnea and wheezing only, DR by
dyspnea, while during the LR, be-
sides the dyspnea and wheezing, a
non-productive cough and pressure
on the chest were also observed.
These differences in bronchial com-
plaints, appearing during the indi-
vidualclinical types of bronchial re-
sponse to foods, may also be sugges-
tive for involvement of different

mechanisms.
In somepatients the food ingested

also led to other organ responses,
occurring simultaneously with the
bronchial response as is shown in
Table 3. This finding is similar to
the observation of Atkinset al.**?
The importance ofthe ingestion

challenge with foods has frequently
been confirmed in the litera-
ture. !6:17s19-21528-39 Papers concerm-
ing the role of foods and the food
allergy in patients with bronchial
asthma, especially those dealing
with the bronchial response to food
ingestion challenge by quantitative
recording of the objective parame-
ters are, however, not numer-
ug,16.)2 4,38

On the other hand, the ingestion
challenge with foods is not com-

pletely free from somerisks for the
patient and therefore this technique
should be performed under certain

conditions. (1) The tests should be
safe, reproducible, sensitive, free
from artifacts, and independent of
the patient’s and investigator's in-
fluence. (2) The tests should be per-
formed by experienced personnel,
using suitable techniques and equip-
ment, (3) A resuscitation and inten-
sive care unit should be directly
available.
The indications and contraindi-

cations for these tests must be care-
fully considered in every patient. A
detailed disease history. general
physical examination, andbasic lab-
oratory screening must precede the
oral challenge. (1) The absolute con-
traindication is the presumption of
an anaphylactic reaction to the par-
ticular food,'@7075?89 pregnancy,
and any disorder which could lead
either to a severe emergency situa-
tion requiring surgery, intensive
care of resuscitation, the so-called
“life-threatening reaction.” (2) The
relative contraindication for the oral
challenge may be any state or dis-
order leading to any undesirable
complication in the patient (eg,
post-infectious stage. metabolic dis-
orders, etc), or which can distinctly
influence the results ofthe oral chal-
lenge, (eg, medication). (3) The oral
challenges, where the so-called vital
organ responses are recorded (eg,
lung function, severe diarrhea,
hypo- or hyperthermia, changes in
the blood pressure, cic) or where a
late onset of the organ response is
expected, should be performed dur-
ing hospitalization for a sufficiently
long period, 56 hours at least. Those
oral challenges where the “non-vital
parameters” are measured (eg, nasal
resistance) can be performed in the
out-patients, however, during a long
enough period of time to exclude a
non-immediate response. (4) The
allergen extracts as well as foods for
oral challenge, their processing and
quality, should be continuously
checked: (5) The foods, their parts,
and related foods that are suspected
of causing the adverse reaction in
the patients should be excluded
from the diet for a sufficiently long

period of time before the challenge.
The recommendation concerning
the exclusion period varies.*? Some
authors suggest | to 2 weeks. Ac-
cording to ourclinical experience, a
four to six day exclusion of the par-
ticular foods before the oral chal-
lenge is, however, sufficient.*
The ingestion challenge with

foods is usually performed accord-
ing to two basic schedules, either as
a double-blind challenge!#7-2530 or
as an open challenge with natural
foods,®?:!5:'6027-29 Both these tech-
niques have their advantages and
disadvantages. The open challenge
with foods was found by us to be
sufficient in such cases where the
objective parameters can be re-
corded (eg, nasal resistance, spiro-
graphic parameters, temperature,
etc). Such results were not found by
us to be inferior to those of the
double-blind technique.® Thisstate-
mentis also supported bythe results
ofthis study demonstrating non-sig-
nificant differences between bron-
chial response recorded after the
open and those after the double-
blind schedule in 20 of the 22 pa-
tients, The double-blind schedule
scems to us to be very important in
those cases of adverse reactions to
foods where the objective parame-
ters cannotbe recorded or where the
organ response may be influenced
by the patient (eg, migraine, head-
ache, gastrointestinal or joint com-
plaints, skin itching, general mal-
aise, etc), or where the effects of
drugs should be investigated. The
double-blind schedule, despite its
very important advantage of not
being influenced bythe patient, also
has some disadvantages. (1) The
content of the capsules to be swal-
lowed is maximally 500 mg. The
particular food may then either be
taken in a lower dose or the number
of capsules would increase very
drastically (eg, 100 g of cheese
would be processed in 200 cap-

sules.'*?®?? (2) One of the require-
ments is that the food must not be
identified, therefore colourless,
tasteless, odourless, etc. Such a
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preparation of foods is either not
always possible or can lead to
changes in physical or chemical
properties."* (3) Providing a suitable
placebo that matches the offending
food in quantity, consistence, col-
our, and taste is not always possi-
ble.'® (4) The administering ofthe
food in capsules excludes the buccal
mucosa, tongue, esophagus, and
partly the stomach. These organs,
however, could play an important
role or are themselvesthesite of the
response in a number of patients
with adverse reactions to foods(eg,
dysfunction ofesophagus, gingivitis,
vesicular eruption on the buccal
mucosa, edemaof the tongue, lips,
or epiglottis, etc).?*? (5) By admin-
istering the food in capsules the
digestive process, already starting in
the mouth, may be clearly longer
than that under natural conditions.
The resulis of our study demon-

strated the appearanceofthree types
of bronchus-obstructive response—
immediate, late, and delayed—due
to the food ingestion. Unfortu-
nately, the pathogenetic and im-
munologic mechanisms underlying
the individual clinical types of bron-
chial response to foods could not
yet be fully clarified by us.

According to the results of this
study, as well as the evidence pro-
vided by other investigators,*-!!'-
19.21,22,26.30.4-41 the involvement of
the immediate hypersensitivity in
the IR, the late hypersensitivity in
the LR, and the involvement ofthe
delayed hypersensitivity mecha-
nism (eg, T-cells) in the DR, or at
least of some of their modifications,
cannot be excluded. Much further
concurrent immunologic and clini-
cal study will have to be done to
approachclarification of the mech-
anisms underlying the particular
types ofbronchial response to foods.
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