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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 component is 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, damaged or stimulated for selective secretion), a
process which leads to the release of the mediators acting then either directly on the
various effector organs (e.g. smooth muscles, mucosal glands, goblet cells, epithelial
cells, endothelial cells, capillary network, neurosynapses, receptors etc.) or indirectly
through the effects on the other cell types. The combined response of the effector organs
results in a variety of the clinical symptoms representing the particular allergic disorder. 1.2

The allergy mechanism may be of a seasonal or non-seasonal (perennial) character,
depending on the kind of allergens involved. Of the four basic types of hypersensitivity
(= allergy) reaction, as proposed by Coombs and Gell®, three (Type I-immediate, Type
I1-late and Type IV-delayed) can be involved in the production of symptoms in the
thinitis patient.23,7-11,1 1a-111,12,13,13a- 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). 2-5,7-11,11a-114,12,13,13a-13¢,14,14a~14g,15-25,25a,25b,26,27,27a-27b,28-34,35b,35¢,35¢,35f,
37-10,402-10g,41 4 La-41i

The immediate hypersensitivity (Type [) reaction, causing the so-called "immediate
nasal response” (INR) in the rhinitis patients, has, however, been most frequently
studied and described,1-48-11,11a-11j,14,14a-14g,17,18,20-24,25b,28-31,34,35b,35¢,35¢,36-40,40a,
40b,40e,41,41a-41c A1

B. THE NON-SPECIFIC HYPERREACTIVITY COMPONENT

The non-specific hyperreactivity component may lead to a spectrum of nasal symp-
toms which can be partly similar to that caused by an immunologic mechanism, howe-
ver, without any initial antigen-antibody interaction. The non-specific agents, mainly
small molecular chemical compounds, physical factors such as temperature differences,
vapours, smoke, perfumes etc, or mechanical factors such as non-organic dust, either
(1) influence the immuno-competent or target cell directly, causing a non-specific
release of mediators, or indirectly, e.g. through the stimulation of the nasal mucosal
sensory nerves and/or a variety of mucosal receptors, resulting in the activation and
release of various neuropeptides which then affect the immuno-competent cells; or (2)
act via the stimulation of mediator precursors, firstly leading to the stimulation of the
mediator production, which then acts directly on the effector organs and secondly
leading to the feedback-inhibition of these mediators or immuno-competent cells; or
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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 of the non-specific
hyperreactivity and its degree in the nasal complaints of rhinitis patients.3-5,35,35a-35¢

The positive nasal response (NR) of any of the basic types to the allergen challenge is
an indicator for the involvement of the 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 involvement of the non-specific hyperreactivity compo-
nent (N-SH) in the nasal complaints.*535a-35¢

Both the components (ALL and N-SH) may be considered as two independent
processes, due to principally different mechanisms.35a-35¢ Both the components can
participate to various and variable degrees in the nasal complaints of the rhinitis
patients.33a-35¢ They both can exist one beside the other in the same patient, but neither
can be regarded as a necessary condition for the other.352-35¢ In approximately 39% of
patients with chronic rhinitis both the components have been confirmed; whereas in
47% of the rhinitis patients only the allergy component and in 14% only the non-
specific hyperreactivity component has been found (Figure 3),3%a-35¢

C. NASAL PROVOCATION TEST (NPT)

The nasal provocation tests with allergen (NPT), also called nasal challenges, are
widely accepted as an important research technique and model for the investigation of
the pathophysiological and pharmacological aspects of the nasal mucosa. They are also
considered as one of the most important "in vive” diagnostic tests for the detection of
the allergic component, for the confirmation of the role of a particular allergen in the
nasal complaints of patients with rhinitis and for the confirmation of the causal role of
the nasal mucosa (allergy) and/or nasal response in the disorders and/or responses of
the related organs.2-5-7-11,11a-11h,12,13,13a-13¢,14, 142-14g,15-25,252,25b,26,27,27a-27b,28-34,
37-40,40a-400,41,41a-41j 46-48,48a-481,49

Nasal challenges with histamine (or serotonin, methacholine, cold air etc.) may then
confirm the role of the non-specific hyperreactivity in these patients.3-5.35.35a-35¢

The NPT should be regarded as a model technique and as a simulated reproduction
of the patient’s complaints and symptoms caused by an exposure to a certain allergen or
non-specific agent.3-5 Preference should be given to the nasal challenge as a model
exposure to an allergen or non-specific agent, rather than the natural exposure, where
the dose and concentration of the particular agent cannot be satisfactorily monitored
and isolated from the simultaneously acting factors, and the nasal parameters cannot
always be quantitatively recorded.3-5 The nasal provocation test is the only technique
for the demonstration of the particular type of nasal response caused by a certain aller-
gen, 2-5 Moreover, the nasal provocation test is the only technique for the confirmation
of the participation of the allergy component and non-specific hyperreactivity compo-
nent in a certain patient and this is the only technique able to discriminate both the
components,2-5:1Th41h-41j
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Patients with nasal allergy who are 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).
2,7-11,11a-114,12,13,13a-13¢,14, 1 da- 14,1 5-25,25a,28-34,37-40,40a-40n,4 1 a-41]

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

NON-SPECIFIC
ALLERGY

8 HYPERREACTIVITY
100 % — 100 %

50 % — 50 %

0% = — 0%

References: 3-5,35a-35(,41b,411
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Fig.4. IMMEDIATE NASAL RESPONSE TO ALLERGEN CHALLENGE (INR)
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References: 2,7,11¢,11f-11h,12,14,14¢,14f,16,19,25,25a,29,32,33,35¢,40¢-40f,41b,41¢,41f 411
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II. LATE NASAL RESPONSE [LNR]

The immediate hypersensitivity (Type T allergy) reaction causing the so-called "im-
mediate nasal response” (INR) has been most frequently studied and described in the
literature (Figure 4).2:330,34,36,40b,40h-40n

The existence of the so-called "non-immediate nasal responses” was first suggested by
Taylor and colleagues.28:29 They have described this phenomenon as an "Arthus-type
reaction” in the nasal airways and skin in 37% of the pollen-sensitive patients.

The first controlled investigation of the "non-immediate types” of nasal response has
been carried out by us (author of this thesis and his colleagues).” We have studied 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” 27

Since then the LNR has been studied extensively by us from various points of
view,211611611g,11h,12,14,14a- 14g,15-17,19,24,25,254,26, 34,37-40,40a-40g,41,41a-411 in relation-
ship to other organs,14a-1417.21,22,26,27,273,27b,41b, 41g:A1i with respect to various anti-
gens, 715,16,19,24.26,37-40.41b and its pharmacologic modulation has also been investiga-
ted, 12,13,14.26,38,40,40a-40f41b 4 1g 411

After some initial reluctance LNR is becoming recognized as an important clinical
phenomienon in patients with allergic rhinitis.31,32-34,42-48,48a-48¢,49-51,51a-51d,52-57,57a
This response may regularly play an important role in the patients with chronic allergic
rhinitis, is often overlooked in practice and may be responsible for the failure of the
usual treatment in these subjects.27:12:26.41b,41g,51a, 51d.57

A. OCCURRENCE

Data in the literature concerning the occurrence of LNR vary greatly. Some authors
have reported a rather low occurrence, e.g. 17%,31:57a while others are convinced that
the LNR occurs more frequently, e.g. 37%,28:29 30 to 50%.51.51a-51¢ [n our previous
studies we have found LNR in 5%, respectively in 11% of the patients with allergic
rhinitis.”>12 Recently, since the long-term NPT have become a part of the routine
diagnostic procedure at our department, the LNR is recorded in approximately 41% of
the rhinitis patients, in one third (14%) in its isolated form (ILNR) and in two thirds
(27%) in a combination with the INR (Tables 1a,1b).1b:41i

B. CLINICAL FEATURES, CHARACTERISTICS, AND FORMS

The clinical course of the LNR, recorded by rhinomanometry (see page 250), is as
follows: onset within 4 to 8 hrs, maximum within 6 to 12 hrs and resolving within 24
hrs after the 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 occurs in 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
appears firstly (within 2 hrs), followed, after a symptom-free period of 3 to 7 hrs, by the
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late response. 27,1 1h,12,14,14a-14,15,16,19,2440b-40641b,4 1g, 4Th, 41

However, with respect to our data generated from a series of clinical trials concerning
the pharmacologic modulation of the so-called "dual late asthmatic response”
(DLAR),58b.68,68g,121g,121h, 12 11,1 78¢-178g the existence of the genuine DLARS8g121k,
178e-178g as a compact clinical 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”121b,121j may, in reality, be the simultaneous appearance of two independent
responses (an immediate/early and a late response) due to different mechanisms, both
of them, however, caused by the same allergen.

The LNR is usually accompanied by a 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 mucosa is the most prominent symptom, while
the other nasal symptoms, such as hypersecretion, sneezing and itching, are present to a
lesser degree (Table 3).7:12:41b No significant difference has been found either in the
nasal complaints or in the appearance of the nasal mucosa with respect to both the sub-
forms of LNR41h

Table la  Occurrence of the particular types of nasal response to allergen
challange in 785 patients with allergic rhinitis.
Occurrence in % (n=785)

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

Reference: 41i
Tablelb  Occurrence of the particular types of nasal response (NR})
in 785 patients with allergic rhinitis
Occurrence in % (n=785)

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

Reference: 411

Table 2 Time course of the particular clinical types of nasal response
(NR) to allergen challenge.

Nasal response Onset Maximum Resolving
Immediate (INR) <10 20-45 < 90-120 minutes
Late [LNR) 4-5 6-10 < 24 hours
Delayed (DYNR) 24-30 30-40 < 60 hours

References: 2,7,11,11a-11h,12,13,132-13¢,18,25,26,40¢,40d,406,4 La-4 L d 41 £4 11,
57a,71,72, 72a,72¢,72d,96,97,97a,121j
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Table 3 A survey of nasal complaints accompanying the particular

types of nasal response
e Nasal response
complaints Immediate (INR) Late (LNR) Delayed (DYNR)
Obstruction ++ et +4+
Hypersecretion +++ + +
Sneezing bbb + -
Itching ik _4: =

— = Absent; + = Very slight; + = Slight; ++ = Moderate; +++ = Severe
References: 2,7,11,11a-11h,12,13,13a-13¢,18,25,26,40¢,40d,40f,41a-41d,4 1,411,
57a,71,72, 72a,72€,72d,96.97,97a,121j

C. DETECTION OF "LNR”

1. NASAL PROVOCATION TESTS (NPT)

The definite confirmation of the existence of particular types of the nasal response
(immediate, late, delayed) due to the exposure with a certain allergen, and their partici-
pation in the nasal complaints of the individual patient, can only be provided by the
nasal provocation test (= nasal challenge) with allergen (NPT),2, 7-11.12,13,13a-13¢,14,14a-
14d,15-25,25b.26,27,27a, 275,29-34,40c-40n,41b,4 1d,41i

The most important aspect of the provocation test is the comparison of the objective
parameters and simultaneously also subjective complaints before and, repeatedly, after
the challenge with a particular allergen {or non-specific agent).?8

The NPT can be supplemented by a recording of various "in vivo™ as well as "in 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 functions etc.)14a-14d,17,21,22,23,27,27a,
27b,39,41bA1e o1 other parameters (nasal biopsy, biochemical, cytologic, and immunolo-
gic investigation of the nasal secretions and nasal mucosa, estimation of mediators,
immunoglobulins and other compounds in the nasal secretions and/or serum, physical
and chemical properties of the nasal secretions, such as consistency, pH, viscosity
ete.).7-11, 11a-11h,12,13,13a-13¢,14,14a-14d,15-25,25a, 26,27,27a,27b,32-35,35¢, 37-40,40a-40n.41,41a-
41g,44,46-48,48¢-48d,49,51a-51¢,52-57,58-60,71-72,72a-72d,73-82,82a-82j,83-85,852-85d,86-95,954,
95b,96,97, 97a-97y,117h,121j '

The nasal response to allergen challenge can be recorded and assessed by various
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) recording of the objective parameters. The objective parameters are related to
the changed aerodynamics in the nose due to the increased nasal obstruction caused by
swelling of the nasal mucosa and hypersecretion, both of them due either to 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,57,57h,58-60,85a

Recording of the objective parameters, mostly nasal airway resistance (NAR), by
means of which the nasal mucosa response can be assessed, deserves preference.4 The
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NAR can be measured by means of 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 of the nasal resistance).2.34:41j

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) ,7-11.11a-11h,12,
13,13a-13¢,14,14a-14d,15-25,25b,28-33,35¢ 40h-40n,41j 482 48(-48],574,58-60, 854,91,92

3. BALLOON TECHNIQUE

We use the "balloon method”, one of the combined rhinomanometry techniques (=
recording of NPG = nasopharynx-nostril-pressure gradients, expressed in cm of H,0), as
described in detail in our PI'EViGllS Papeﬁglﬂ‘?- 11,11a-11h,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 us for 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 purposes or as an arbitrary test
(Plates 3,4 [(page 355)]. '

4. BASIC SCHEDULE OF NPT

The basic schedule of NPT used by us is 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 solution or Saline), 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 up to the 11(12)th
hour and, if necessary (the response has not resolved or a delayed response is expected),
every hour on the second or third day respectively (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 same period of time as those after the allergen challenge. The
protection tests, 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
treatment with the particular drug,10:11,11d-11¢,12,13,13b,14,38,40,404-40£ 4 1b,481,72a,72b,72d

26

12
56

g
54

LNR
B8
52

50

hours after challenge
48

Allergen values
46

90

36
Delayed nasal response.

DYNR

80

Allergen values

INR
45
34

minutes after challenge
32

0510 20 30

Allergen
[ALL] for
3 min.
30
= Late nasal response; DYNR

A}

PBS control
values
_1 4 2
26 28

Phosphate
buffered
saline [PBS]
for 3 min.

-18
PBS T

24
Immediate nasal response; LNR

-23

minutes before challenge

baseline)

Initial values

{

-28
INR

22

Fig. 9. SCHEDULE OF THE NASAL PROVOCATION TEST WITH ALLERGEN [NPT]

References: 8-11,11a-11j,12,13,13a-13c,14,14a-14g,15-25,25a,25b,27,27a,27b,35a-35¢,40c-40f 4 1a-4 11

=

b
~



The late nasal response

Table 4 Disease history related to the allergen causing the particular type of
the nasal response (in %).
Highly probable  Probable Unknown

n =785 Role of the allergen - with respect to the nasal conplaints generally
INR 42 28 30
LNR 37 25 38
DYNR 18 23 59

Role of the allergen - with respect to the onset of the nasal conplaints
INR (< 2 hrs) 37 33 30
LNR (4-12 hrs) 23 g 69
DYNR (>24 hrs) 4 i1 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
LNR cases, in 23% of them the history being indicative for the late onset of nasal com-
plaints. This correlation has been found to be unsatisfactory.2.7:12,14,41b,41,72b 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 and of a
rather dry aspect due to the diminished secretions in a majority of patients. Sometimes
solitary small mucosal haemorrhages may be observed on the middle and/or inferior
turbinate. No significant differences in the appearance of the nasal mucosa have been

found with respect to both the sub-forms of LNR [Plates 7a,7b (page 357]. 2:%12,14:41b,
411,72b

3. SKIN TEST

The immediate skin response (weal) to the same allergen as that causing the LNR has
been found in approximately 11% of the LNR cases.”»! 2, 14:41b,41i The late skin response
(iriduration) has been found in approximately 51% respectively 65% of the LNR cases,
without any significant differences with respect to both the LNR sub-forms. The size of
the late skin response recorded can be divided as 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 between the late skin and late nasal responses has been found
to be non-significant (Tables 5,6).2:7:12:14.41b41872b Ng significant differences in the
late skin responses have been found with respect to the particular allergens. In contrast,
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[liopoulos et al.>1< have found the positive late skin response only in 47% of patients
developing the LNR [Plates 8-11 (pages 358-361)].

Table 5 Survey of the particular types of the skin responses recorded after the
intracutaneous skin tests (i.c.) with the same allergen as that causing the
particular type of the 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) 11 51 1 37
Delayed [DYNR] (n=93) 15 2 12 11
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 cancentration of total IgE antibodies in the serum (PRIST) has been found by us
to be significantly increased (>500 1U/ml) in only 6% of LNR cases, most of them being
a part of the dual late nasal response (Table 6), 11.250,41b,411,72b

5. SPECIFIC IgE IN THE SERUM

The specific IgE antibodies in the serum (RAST) to the same allergen as that causing
the clinical LNR has been significantly positive (score grade 3 or 4) in approximately 9%
of the LNR cases, most of them being a part of the dual late nasal response., 14.25a,41b,414,
72b No significant differences in the RAST have been found by us with respect to the
particular allergens. These results 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).51¢

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

The particular immunoglobulin classes and sub-classes were semi-quantitatively
determined by single radial immunediffusion (Mancini technique).92b The serum
concentration of total IgG immunoglobulins has been found by us to be increased in
approximately 51% of the LNR cases, of total IgM immunoglobulins in 8% and that of
total IgA immunoglobulins in approximately 1%. The serum concentration of the
individual IgG sub-classes during the LNR has been recorded as follows: elevation of
1gG, in 2%, IgG, in 19%, 1gG, in 16%, while decrease in IgG,, in 11%.7:12,16,41b415
411.72b These findings may be suggestive of the possible involvement of 1gG antibodies,
at least in some of the LNR cases. However, because the I1gG antibodies and 1gG 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 The association 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
Increased total IgE in
the serum (PRIST) 17 6 5 9
Positive specific IgE in
the serum (RAST) 27 9 2 11
Total 1G 19 51 1 3
IgGl1 0 2 0 1
lg(G2 0 0= 0 4
1gG3 2 19 0 1
Ig(4 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 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

2 IgG, in the serum decreased in 16% of the LNR cases,
References: 2,7,11,11a-11h,12,13,13a-13¢,18,25,26,40c40d,40f 4 1a-41d,41£41i,57a,71,72,
72a,72¢,72d,96,97,97a,121j

7. EOSINOPHIL COUNT IN THE BLOOD

The increased blood eosinophil count (more than 300 x 106/L) has been recorded
during 23% of the positive dual late nasal responses and during 20% of the isolated late
nasal responses (Table 6). 14:41b41i,72b

8. LEUKOCYTE COUNT IN THE BLOOD

The increased blood leukocyte count (more than 10 x 109/L) has been recorded during
13% of the isolated, and during 7% of the dual late nasal response (Table 6).14, 41b.41i,72b

9. BODY TEMPERATURE

The increased body temperature (> 37°C => 98.6° F axillary) has been recorded during
2% of the LNRs (Table 6).14. 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,) or its contra-
value, the so-called decreased nasal histamine threshold, has been recorded by us in only
15-20% of the patients developing the LNR. The NHT varied 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¢,35¢, 41b,d1i

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% of the patients with chronic rhinitis, who did
not demonstrate any positive type of nasal response to allergen challenge (= negative
nasal responses; NNR] (Tables 6-13,15,16; Figures 12-18).35a-35¢35641b,41i

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

The nasal methacholine chloride threshold INMCT] - normal value is >8.0 mg/ml, and
the nasal methacholine bromide threshold [INMBT] - normal value is > 4.0 mg/ml. The
increased nasal mucosa responsiveness to methacholine chloride and/or bromide, or its
contra-value, the so-called decreased NMCT, has been recorded by us in 11% and the
decreased NMBT in 9% of the patients developing the LNR (Tables 14,16; Figures
10,11),352-35¢.35¢ [n contrast, in patients developing only the positive INR, the decrea-
sed NMCT has been recorded by us in 30% and the decreased NMBT in 15% of the
cases. In patients developing only the positive DYNR, the decreased NMCT has been
measured in 6% and the decreased NMBT in 0% of the cases. However, in patients with
chronic rhinitis, who did not develop any positive type of nasal response to allergen
challenge (= negative nasal responses; NNR), the decreased NMCT has been recorded
in 75% and the decreased NMBT in 57% of the cases [Tables 15,16; Figures 13-18
(pages 41-49, 374, 375)].35a, 35¢,35f

Table7 Survey of allergy and non-specific hyperreactivity component in 132
rhinitis patients.
Immediate nasal Non-specific hyperreactivity in the nose

response to (=nasal responsiveness to 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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Table 8 Distribution of the nasal histamine threshold in 132 rhinitis patients.

Nasal response to

allergen challenge Nasal histamine threshold (mg/mi)

(Immediate nasal =

response ) 0,125 025 05 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 Alleray and non-specific hyperreactivity components in 154
patients with chronic rhinitis.

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

Nasal response to
allergen challenge
(Immediate nasal response)

increased non-increased (normal)
Positive (n=127) 83 44
Negative (n=27) 27 0

Reference: 35f

Table10  Distribution of the nasal histamine threshold in 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) 4 10 7 3 3 0 0

Reference: 351

Table1l  Survey of allergy 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) increasec 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 11
- isolated delayed NR (n=10) 0 10
Negative NR (n=24) 23 1

Reference: 35¢
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Table12  Distribution of the nasal histamine thresholds in 166 rhinitis patients.

Patients with nasal
response to allergen
challenge [NR]

(n=166) 0.125 0.25 0.5 1.0 2.0 4.0 >4.0
Pasitive NR (n=42)

Nasal histamine threshold (mg/ml)

- isolated immediate NR(n=42) 2 1 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 1 0 0 11
- isolated delayed NR (n=10) 0 0 0 0 0 0 10
Negative NR (n=24) 5 6 8 3 1 0 il

*  This patient demonstrated decreased nasal threshold to methacholine HCL
Reference: 35¢

Table13  Survey of the nasal thresholds of histamine and methacholines {Cl, Br) in
patients with allergic rhinitis (n=46), developing only the Immediate nasal
response to allergen challenge [INR] with various “inhalant™ allergens (in %).

Immediate nasal

raépanse Histamine Methacholine Cl Methacholine Br
(n=48) 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 CI

- decreased 20(9) 10 (5) 30 (14) x 4 (2) 26(12)

- normal 26 (12) 44 (20) X 70(32) 11 (3) 59(27)
Methacholine Br

- decreased 9 (4) 6(3) 4(2) 11 (5) 15(7) bs

- normal 37 (17) 48 (22) 26 (12) 59 (27) X% 85 (39)
The genuine numbers of cases are presented in parenthesis.
References: 33a-35¢, 357
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The late nasal response

Table 14  Survey of the nasal thresholds of histamine and methacholines (CI, 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 decrecased normal decreased normal
Histamine

- decreased 20(7) X 11 (4) 9(3) 6(2) 14 (5)

- normal 5. 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 of cases are presented in parenthesis.
References; 35a-35¢, 35f

Table 15  Survey of the nasal thresholds of histamine and methacholines (Cl, Br) in
patients with chronic rhinitis (n=28) who did not develop any positive nasal
response to allergen challenge [NNR] (in %).

Negative nasal

Histamine Methacholine CI Methacholine Br

response
(n=28) decreased normal  decreased  normal  decreased  normal
Histamine

- decreased 8h (24) X 64 (18] 22 (6) 50(14) 36 (10)

- normal X 14(4) 11 (3) 3(1) 7(2) 7(2)
Methacholine Cl

- decreased 64 (18) 11(3) 75 (21} X 36 (10) 39(11)

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

- decreased 50 (14) 7(2) 36 (10) 21 (6) 57 (16) b

- normal 36 (10) 7(2) 39(11) 4(1) X 43 (12)

The genuine numbers of cases are presented in parenthesis.
References: 35a-35¢, 351

TABLE 16 Survey of the nasal thresholds of histamine and methacholines (Cl, Br] in
patients with chronic rhinitis demonstrating only one type of the nasal
response to nasal challenge with various "inhalant” allergens, expressed in %.

Patients Histamine Methacholine chloride Methacaline bromide
developing  decreased normal decreased normal decreased normal
INR (n=46) 46 54 30 70 15 85
LNR (n=35) 20 a0 11 89 9 91
DYNR (n=17) 0 100 6 96 0 100
NNR (n =28) 86 14 75 25 37 43

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

Histamine has been detected in the blood plasma of the patients developing the
positive LNR only sporadically and without any significant changes in its concentration
(Table 17).97v Similar results have been recorded by us in the patients demonstrating
the positive INR and negative nasal responses (NNR). No histamine has 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
have 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),11£11j

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

during the basic types of nasal response (NR) to allergen challenge.
Patients {n=90)

Histamine in the blood plasma

Nasal response present(detected) absent

(n=90} changes no changes (not detected)

Immediate nasal 5 27
response (n=32) 1 4

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

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

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

Phosphate buffered 0 90
saline- control 0 0

challenge: (n=90)
Reference: 97 v

35



The late nasal response

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.

Histamine in nasal secretions

Patients Detected Not detected
n=30 changes no changes
INR {n=42) 31 11

29 2
NNR (n=11) ] 10

1 0
PBS control (n=30) 0 30

0 0

INR = Immediate nasal response; NNR = Negatlve nasal response; PBS = Phosphate
buffered saline.
Reference: 11j

Table19  Histamine (HS) in the nasal secretions (NS) and the changes
in its concentrations during the basic types of nasal response
(NR) to allergen challenge

Histamine in nasal secretions

Patients Detected Not detected
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

response (n=11) 1 0 10
Phosphate buffered 0

saline-control

challenge (n=52) 0 0 52

Retference: 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
kinds of antigens, such as bird facces and serum (pigeon faeces and serum),15,16
wool, 14416 old paper, 19.24:41b cardboard,2441b flour,71 241> moulds,7-12.415:41f hag
been found to be significantly associated with the increased concentration of the circu-
lating precipitating antibodies in the blood serum, being probably of IgG and/or [gM
classes [Figures 28-31; Plates 12a,12b (page 36)].
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Fig. 10a. REVIEW OF HISTAMINE CONCENTRATIONS CAUSING THE SIGNIFICANTLY
POSITIVE NASAL RESPONSE IN PATIENTS WITH POSITIVE NASAL ALLERGY
[=Late nasal response to allergen challenge= LNR] [n=35]; (normal threshold of
histamine in the nose = = 4 mg/ml).

5 4
4_

3~

0.125 0.25 0.5 1.0 2.0 4.0 I =40 mg/ml

HISTAMINE CONCENTRATIONS
References: 35¢,35f,41b,72b

Fig. 10b. REVIEW OF METHACHOLINE CHLORIDE CONCENTRATIONS CAUSING THE

SIGNIFICANTLY POSITIVE NASAL RESPONSE IN PATIENTS WITH POSITIVE NASAL
ALLERGY [=Late nasal response to 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 I >80 mg/ml

METHAGHOLINE CHLORIDE CONCENTRATIONS
References: 35¢,35f,41b,72b
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Fig. 10c. REVIEW OF METHACHOLINE BROMIDE CONCENTRATIONS CAUSING THE

MNumber
of cases

SIGNIFICANTLY POSITIVE NASAL RESPONSE IN PATIENTS WITH POSITIVE
NASAL ALLERGY

[=Late nasal response ta allergen challenge= LNR] [n=35]; (normal threshold of
methacholine bromide in the nose = > 4.0 mg/ml). 1

6_

0.125 0.25 0.5 1.0 2.0 40 | >40 mg/ml

METHACHOLINE BROMIDE CONCENTRATIONS

References: 35¢,35f,41b,72b
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Fig. 12.

APRin
cm Hal

ALLERGIC COMPONENT (ALL) AND NON-SPECIFIC HYPERREACTIVITY
COMPONENT (N-SH) IN PATIENTS WITH RHINITIS [pesitive immediate nasal
response to allergen challenge (+INR) and normal (non-decreased) nasal histamine
threshold (-NHT)]
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28 1814 4 0 5 10 20 30 45 60 80 120
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The mean NPG values recorded after allergen, histamine and PBS conirel challenges in patients demaonstrating positive INR
and narmal (nan-| d) nasal respons? {0 hi ing (NHT = 4.0 mg/ml or 12 mmol/imi}.

| = Initial values; PBS = Phosphale bufiered saling; ALL= Allergan; AD = Distilled water; HIST = Histamine phasphate;

MHT = nasal histamine threshald.

* = INR (n=35)

4———— 5 = Histaming 4.0 mg/m| {n=35)
ey = PBS control challenge (n=35)

References: 35a.35b.35¢.35f.72b
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Fig.13a. ALLERGIC COMPOMNENT (ALL) AND NON-SPECIFIC HYPERREACTIVITY COMPONENT

APin
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(N-SH) IN PATIENTS WITH RHINITIS [positive immediate nasal response to allergen
challenge (+INR) and decreased nasal histamine threshold (+NHT)]
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The mean NPG values recorded after allergen, histamina and PBS confrol challenges in patients demonstrating positive INR
and ir d nasal responsi fo histaming (= decreased histamine threshoid in the nose = > 4.0 mg/ml or 12 mmolimi).
| = Initial values; PBS = Phosphate bufferad saline; ALL= Allergen; AD = Distilled water; HIST = Histamina diphosphate;

NHT = Nasal histamina thrashald.

* = posiiive INR [n=78)
4 ————4 = Histamine < 4.0 mg/ml (n=78)
¥ ey = PBS control challenge (n=78)

References: 35a,35b,35¢,35f,72b
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J. 13b. SURVEY OF THE NASAL HISTAMINE THRESHOLDS (NHT) IN RHINITIS PATIENTS WITH
POSITIVE ALLERGY AND INCREASED NON-SPECIFIC HYPERREACTIVITY (N-SH)

APn
>m Hz0

20

-26 -8 11
I AD ¢

time in minules
- =T —

The mean NPG values recorced aiter AD control chalienge and challenge with histamine in concentrations lower than normal
MNHT (< 4.0 mg/ml), which have caused the significantly positive nasal response {= decreased NHT) in the rhinitis patients with
positive nasal allergy (+NR) and increased N-SH (n=83).

| = Initial values; AD = Distillad water; HIST = Histamine phosphate; NHT = nasal histamine thrashold.

o ——— o = Histamine - 0.125 mg/ml (= 0.375 mmol/ml) [n= 3]
2 ————a = Histamine- 025 mg/ml (= 075 mmolml) [n= 7]
o n =Histamine-05 mgiml(= 1.5 mmolml}[n= 5]
Geemmmmng = Histaming - 1.0 mgéml (= 3.0  mmolml) [n=20]

0 ———-p =Histamine-2.0 mgml(= 60
& =Histamine-4.0 mg/ml(=12.0
x-——-——-x =AD control| challenge [n=83]

mmolml) [n=27]
mmol/ml) [n=21]

References: 35a,35b,35¢,35f,72b

41



Fig. 13¢c. DISTRIBUTION OF NASAL HISTAMINE THRESHOLDS (NHT) IN Fig. 156. RELATIONSHIP OF CHANGED AND UN-CHANGED
RHINITIS PATIENTS WITH POSITIVE NASAL ALLERGY (positive RESPONSIVENESS OF NASAL MUCOSA TO HISTAMINE,
immediate nasal response to allergen challenge = INR) AND INCREASED METHACHOLINE CHLORIDE AND BROMIDE IN PATIENTS
NON-SPECIFIC HYPERREACTIVITY (N-SH) [n=78] DEVELOPING DELAYED NASAL RESPONSE [DYNR] (n=17)
lumber 25 %, of 20
if cases cases
15
20 =
10 =
15
5
0 Ed
1285
No. of cases = 0 0 0 0 0 0 1 16
Histamine Ph. = + - + 4 + - - -
Methacholine Cl. = + + + - L - + -
Meathacholine Br. = 4= i = + - +. - -
B + = decreased threshald;
- = normal (non-decreased) threshold
Total number of patients = 17 (=100%)
0

0.125 0.25 0.5 mg/ml

HISTAMINE CONCENTRATIONS.

References: 35a,35b,35¢,35£,72b References: 35¢,35f
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Fig. 16a. NON-SPECIFIC HYPERREACTIVITY COMPONENT (N-SH) RHINITIS PATIENTS WITH “ig. 16b.  POSITIVE NASAL RESPONSE TO VARIOUS CONCENTRATIONS OF HISTAMINE
NEGATIVE NASAL ALLERGY [negative immediate nasal response to allergen challenge (= NASAL HISTAMINE THRESHOLDS = NHT) IN RHINITIS PATIENTS WITH NEGATIVE
(NNR) and decreased nasal histamine threshold (+NHT)] (n=19) NASAL ALLERGY (negative immediate nasal response to allergen challenge = NNR) AND
INCREASED NON-SPECIFIC HYPERREACTIVITY (N-SH) [n=19]
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Tha mean NPG values recorded after allergen, histamine and PBS control challenge in patients demonstrating negative INR
and incraased nasal respansiveness to histamine (= decreased histamine threshold in the nose = < 4.0 mg/ml or 12 mmal/mil).
| = Iniitial values; PBS = Fhosphate buffered saling; ALL= Allergen; AD = Distilled water; HIST = Histamine diphosphate;

NHT = nasal histamine threshald.

* =negalive NNR (n=19)

The mean NPG values recordad after AD control challsngs and challenge with histamine In concenirations lowar than normal

NHT (= 4.0 mg/ml}, which have caused the significantly positive nasal response (= decreased NHT) In the rhinitis patiants with
negative nasal allergy (-INR) and increased M-SH (n=18).

| = Initial values; AD = Distiled water; HIST = Histamine diphoephate; INR = Immediate nasal response to allergen challenge;

NHT = nasal histarmine thresheld.

AL . = & = Higtaming - 0.125 mgiml (= 0.375 mmol/mi) [n=3]
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References: 35a,35b,35¢,35£,72b
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References: 35a,35b,35¢,35f,72b
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Fig. 17a.

Number
of cases

167
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DISTRIBUTION OF 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]

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

4.0 mg/ml

REVIEW OF HISTAMINE DIPHOSPHATE CONCENTRATIONS CAUSING
THE SIGNIFICANTLY POSITIVE NASAL RESPONSE IN PATIENTS WITH
NON-ALLERGIC RHINITIS (n=22). [normal threshold of histamine diphosphate

in the nose = > 4.0 mg/ml]
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HISTAMINE DIPHOSPHATE CONCENTRATIONS

References: 35a,35b,35¢,35f,72b
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REVIEW OF METHACHOLINE CHLORIDE CONCENTRATIONS CAUSING
THE SIGNIFICANTLY POSITIVE NASAL RESPONSE IN PATIENTS WITH
NON-ALLERGIC RHINITIS (n=22). [normal threshold of methacholine chloride
in the nose = > 8.0 mg/ml]
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METHACHOLINE CHLCRIDE CONCENTHRATIONS

References: 35a,35b,35¢,35f,72b
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Fig. 17c.  REVIEW OF METHACHOLINE BROMIDE CONCENTRATIONS CAUSING Fig. 17d. RELATIONSHIP OF CHANGED AND UN-CHANGED

THE SIGNIFICANTLY POSITIVE NASAL RESPONSE IN PATIENTS WITH RESPONSIVENESS OF NASAL MUCOSA TO HISTAMINE,
NON-ALLERGIC RHINITIS (n=22). [normal threshold of methacholine bromide METHACHOLINE CHLORIDE AND BROMIDE IN PATIENTS
in the nose = > 4.0 mg/ml] WITH NON-ALLERGIC RHINITIS (n=22)
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Sig. 19a. THE IMMEDIATE NASAL RESPONSE TO ALLERGEN CHALLENGE {INR),
NEGATIVE NASAL RESPONSE (NNRj AND CONTROL CHALLENGES WITH
PHOSPHATE BUFFERED SALINE (PBS)
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I PBSf ALLT

I time in minutes

The mean NPG values calculated 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

b ® = INR (n=18)
o=—=—=—— 0=NNR (n=11)
% --eemo- o = PBS control challenges (n=29)

References: 111,11j
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Fig. 18b. THE MEAN VALUES OF HISTAMINE CONCENTRATION IN NASAL

ng/ml

SECRETIONS (NS) DURING THE 18 POSITIVE IMMEDIATE NASAL
RESPONSES (INRJ, 11 NEGATIVE NASAL RESPONSES (NNR) AND 29
CONTROL CHALLENGES WITH PHOSPHATE BUFFERED SALINE (FBS)
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INR: = x = no histamine in NS (n=3); o o = histamine in NS detecled but without
changes in its concentration (n=1)
) » = increase followed by decrease In histamine concentration (n=14)
NMR: x ———— x = no histamine in NS (n=10); & ———— e = changes in histamina concenlration
in NS (n=1)
PBRS: #-——------ x = no histamine in NS (n=29)

References: 11£,11]
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Fig. 19c. SURVEY OF THE CHANGES IN HISTAMINE CONCENTRATION
IN NASAL SECRETIONS (NS) DURING THE 15 OF THE 18 POSITIVE
IMMEDIATE NASAL RESPONSES (INR)
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ALLERGEN
CHALLENGE

References: 11f,11j
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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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PBS: x--------- X = no histamine (n=30)

References: 11f,11j
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Fig. 20a.
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THE LATE NASAL RESPONSE TO ALLERGEN CHALLENGE (LNR) AND CONTROL
CHALLENGES WITH PHOSPHATE BUFFERED SALINE (PES)
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The mean NPG values calculated from 15 patienis developing the LNR and from 15 PBS control challenges
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge

= = LNR (n=15)
¥ ---—------- x = PBS control challenge (n=15)
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Fig. 20b. THE MEAN VALUES OF HISTAMINE CONCENTRATION IN NASAL SECRETIONS (NS)

ng/ml

DURING THE 15 LATE NASAL RESPONSES (LNR) AND 15 CONTROL CHALLENGES
WITH PHOSPHATE BUFFERED SALINE (PBS)
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Fig.21a. THE DELAYED NASAL RESPONSE TO ALLERGEN CHALLENGE (DYNR) AND CONTROL

The mean NPG values calculated from 8 patients developing the OVNR and from 8 PBS control challengas
| = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge

i & = DYNR (n=8)
# +eememmenneee x = PBS contral challenge (n=8)
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Fig. 21b. THE MEAN VALUES OF HISTAMINE CONCENTRATION IN NASAL SECRETIONS (NS)
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The late nasal response

E. ASSOCIATION OF "LNR” WITH OTHER ORGANS'
RESPONSES

The LNR can also induce a secondary response in and of the other, related, organs.
The LNR can, therefore, be accompanied by headache in 47% of cases,!4:26.402, 41,410 by
conjunctival symptoms (conjunctival injection or chemosis) in 46% and/or palpebral
edema in 13%,17-21 middle ear response (otalgia, decrease in hearing, changes of the
middle ear pressure as recorded by tympanometry) in 23%,22:26.27:27a,27b, 41b pressure
in the maxillary and frontal sinuses in 18%,12,14/14a-14341b41g41i changes on the sinus
X-ray (increase in mucosal thickness or appearance of acute edema of the sinus muco-
sa) in 11% respectively 18% 12:1414a-14g41bA1g.41i and/or changes on the echogram of
the sinuses,4:a14b,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% of the cases, 12:40a,41,41b gr more, +1h41i and gene-
ral malaise in 6% of cases.12:41,:41b A survey of other organs’ responses is presented in
Tables 20-29, Figures 22-27 (pages 67-74, 376) and Plates 13-1, 13-11, 14, 15, 16a, 16b,
17 (pages 262-265).

Table20  Survey of the nasal complaints and other organs' response accompanying the
particular types of nasal response to allergen challenge (in %)

Nasal response to allergen challenge

Immediate Late Delayed Negative
(n=148) (n=131) (n=63) (n=205)
Nasal complaints
obstruction 100 100 100 0
sneezing 69 1a 9 8
hypersecretion 93 18 0 10
itching 52 3 0 0
Conjunctival injection/chemosis 27 46 5 i
Palpebral edema 12 13 3 0
Middle ear response (otalgia,
decrease in hearing, changes
in middle ear pressure) 30 23 6 ¥
Pressure in the sinuses
(maxillary and frontal) 37 18 22 7
Acute edema of sinus :
mucosa (X-ray) 3 11 14 1
Cephalgia 26 47 11 2z

Bronchial complaints (mostly

secondary bronchoconstriction,

sometimes also wheezing and/or

cough} 5 4 6 2
General malaise complaints 3 1 0 0
References: 2,7,11,11a-11h,12,13,13a-13¢,18,25 ,26,40c,40d 40f,41a-41d,41£,411,57a,71,72,
72a,72¢,72d,96,97,97a,121j

The late nasal response

The association of LNR with other *#n vivo” and "in vitro” diagnostic parameters as
well as with other organs’ response showed some similarities to those observed by us in
the case of the late asthmatic response (LAR),61-68,68a-68g.96a-96r However the relation-
ship between the LNR and the other “in vivo” and “in vitro” parameters differed dis-
tinctly from those recorded during the immediate nasal response (INR),11:11a-11g,11i,11j,
14,18,20,25b41a-416,416411 the immediate asthmatic response (IAR), 63,69,70,961,96i,96k 91,

96p the delayed nasal response (DYNR)13.13a-13¢ and the delayed asthmatic response
(DYAR). 70a-70e

Table2la  Allergic conjunctivitis - relationship to allergic rhinitis. A review of seconda-
ry conjunctival responses induced by the nasal provocation tests with aller-
gens (NPT) in 23 patients with allergic conjunctivitis resistant to the usual
topical ophthalmologic therapy.

Positive NPT Negative NPT
Patients ocular  complaints ocular  complaints
n=23 + . =E =
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
treatment in the 23 patients with allergic conjunctivitis, for 8 months.

[mprovement of Improvement of
Treatment - 8 months ocular complaints  ocular complaints
Patients DSCG DSCG after 8 months after addition
n=23 IConly IC+IN + i of DSCG - 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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The late nasal response

Table22a  The role of the nasal mucosa in the allergic conjunctivitis. A survey of the
clinical features of the patients studied.

: Conjunctival complaints ~ Ophthalmologic examination
Paticnts

n=31 n IT IR PP HL Gl ¥ cH POy PH TP
Conjunctivitis

(allergic + vernal) 24 18 24 13 23 118 S T L [
Kerato-

conjunctivilis 4 R I (R 180 M e e
Blepharo-

conjunctivitis 3 CIN 1 2 1 I =

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  Survey of the 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 - o 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, chemuosis, itching, hyperlacrimation,
palpebral edema.

Reference: 21

Table22c  Results of the 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  Improvement of
ocular complaints ocular complaints

Treatment for 6 months

Patients DSCG - DSCG — ocular after 6 months after addition of
n=31 ocular + DSCG - nasal  + i - 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 = [ mmediate nasal response; NNR = Negative nasal response.
Reference: 21
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Table23  Particular types of the conjunctival response induced by the nasal response to
allergen challenge.

D Secondarily induced conjunctival response

= patients

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 1 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 of the 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 of the otological changes and complaints during the particular types

of the nasal response (NR).
n Changes in MEP*
accompanied by Otalgia
Patients Otalgia  Decrease Secretions** only
n=31 in hearing
85 positive NR 73 51 43 11 4
- 29 isolated
immediate NR 24 13 15 & £
- 38 dual late
nasal NR 23 27 20 5 0
- 18 isolated
late NR 16 11 8 4 0
69 negative NR 28 9 5 0 1

NR = Nasal response; * MEP = Middle ear pressure (the normally slightly negative MEP increased
in negativity); ** Secretions = rapid increase in the middle ear effusions through the monolateral
ventilation tube (in 3 patients). Reference: 27

61
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Table25a  Survey of the patients with secretory otitis media (SOM)).

SOM patients Skin test RAST
n=38 o+ o + =
History - suggestive 23 19 ) 5 18
of nasal

allergy -  unknown 15 12 3 1 14

Reference: 27b

Table25b Middle ear response to the nasal allergen challenge (NPT) in patients with
Secretory otitis media (SOM). Survey of the nasal (rhinomanometry) and ear
(tympanometry) responses after the nasal challenge with allergens.

Positive NR Negative NR

Patients Ear response Ear response
n=38 i - 5 =
31 patients with

76 positive NR 65 11 - =

21 negative NR - - 6 15
7 patients with

12 negative NR 0 0 8 4

(in5 {in2
patients)  patients)

38 PBS control challenges 0 0 0 38
NR = Nasal response; PBS = Phosphate buffered saline.

Reference: 27b

Table25¢ Middle car response to the nasal allergen challenge (NPT) in patients with
Secretory otitis media (SOM). Survey of the otological complaints during the
particular types of the nasal response (NR].

n Changes in MEP*
accompanied by Otalgia
Patients Otalgia  Decrease Secretions™ only
n=38 in hearing
76 positive NRs 6l 56 35 13 4
21 isolated immediate (LINR) 19 18 6 4 2
24 isolated late (ILNR) 17 17 13 b 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 [ 1
33 negative NR (NNR) 13 6 P 1 1

NR = Nasal response; * MEP = middle ear pressure recorded by tympanometry; **  secretions =
rapid increase in the middle ear effusions through the mone- or bilateral ventilation tube(s).
Reference: 27b
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Table26a  Nasal and paranasal sinus responses after the nasal challenge with allergen

Patients n=78 Sinus response
n=78
Nasal challenges maxillary frontal maxillary negative
n=193 + frontal
69 patients
149 positive NR 121 3 14 11
15 negative NR 4* I* I* 9
9 patients
29 negative NR i 0 2% 21
78 PBS controls 0 0 0 78

INR = Nasal response; SR = Sinus response; * = primary or "non-associated" form of the sinus
response; the remaining responses are secondary or "associated” form of the sinus response. The

agreement between positive NR and SR as well as negative NR and SR was statistically distinctly
significant (p<0.01}.
References: 14a-14e,41g

Table26b  Particular types of the nasal and paranasal sinus responses induced by the
nasal challenge with allergen and their relationship (see also table 26a).

Sinus response

Nasal : I ? e
P nse maxillary (n=135)# frontal (n=17)b
n=193 ESR LSR  DYSR ESR LSR  DYSR
149 positive NR
51 immediate/early R & 1 3 2 0
15 immediate + late 6 4 0 1 2 0
67 late 0 61 3 0 5 0
7 immediate+delayed 1 0 4 1 0 1
9 delayed 0 0 8 1} 0 1
maxillary (n=13)c frontal (n=4)d
44 negative NR 5% 7 s 3% * 0

NR = Nasal response; ESR = Early sinus response; LSR = Late sinus response; DYSR = Delayed
sinus response; a: 135=121-+14; b: 17=3+14; ¢t 13=d+6+1+2; d: 4=1+1+2 (see table 26a);
"=primary or "non-associated" form of sinus response; the remaining responses are of the secon-
dary or so-called "associated" form.,

References: 14a-14e4lg
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Table26c  The other organs' symptoms and 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 LSR  DYSR ESR ISR  DYSR
n=193 n=56 n=75 n=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 ]
Pressure in the sinuses 91 100 100 i 100 100
Bronchial complaints

(mostly secondary bron-

choconstriction, some-
times also wheezing

and/or cough 9 11 ) 0 0 0
Headache 2 12 12 75 9] 100
Pharyngeal irritation i] 3 6 0 0 ]
General malaise

complaints 0 1% 12 0 9 0

ESR = Early sinus response; LSR = Late sinus response; DYSR = Delayed sinus response.
References: 14a-14e,d1g

Table26d  Radiographic and echographic changes recorded during particular types of
the sinus response (=increased thickening of the mucosal membrane in the
sinuses, increased opacification and/or decreased aeration) induced by the
nasal challenge with allergen (see also tables 26a-26c).

Changes on

radiographs echographs radiographs +
only only echographs

Maxillary sinuses

carly SR (n=56) 3 1 52

late SR (n=75) 4 2 69

delayed SR (n=17) 1 (] 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 (=6Y%] 4 [=2%) 155 (92%)

SR = Sinus response. The agreement between the radiographs and the echographs was highly
significant both for the total comparison {p<0.01) and for the particular types of SR (p<0.02}.
References: 14a-14e,dlg
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Table27a The role of the nasal allergy in chronic sinusitis maxillaris.
Survey of the radiographic (X-ray) and echographic changes in
the maxillary sinuses after the nasal challenge with allergen.

Patients Changes

n=46 Radiographs Echographs
37 patients

- 37 positive NR 31 27

9 patients

- 9 pegative NR 3 2

Reference: 14d

Table27b The role of the nasal allergy in chronic sinusitis maxillaris.
Survey of the 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
Tsolated late NR (n=14) 13 12
Dual late NR (n=13) 10 9
Isolated delayed NR (n=3) 2 2
Negative NR (n=9}) ) 2

Reference: 14d

Table28  Survey of radiographic 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.

Putients 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 agreement between the radiographs and the
echographs was statistically significant (p<0.05).
References : 14f
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Table29  The review of the asthmatic responses (AR) induced by the nasal provocation
tests (NPT) with allergens in 27 patients suffering from bronchial asthma
with a low compliance to the usual "anti-asthmatic” treatment,

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

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

positive (n=119) (TAR) (DLAR) (LAR) (DDYAR) (DYAR) (NAR)
Immediate (INR) (n=28) 20 1 2 0 0 5
Dual late (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 11 6
Negative (NNR)(n=14) 2 0 0 12

Total 23 14 39 7 11 39
Reference: 41h

E ALLERGENS

The LNR can be caused by various inhalant allergens. No differences in the occurren-
ce of the LAR have been found by us with respect to the particular allergens.41b LNR
was regularly recorded by us for a variety of allergens, 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,”.12:1441b bird faeces (among others pigeon,
parrot, canary and parakeet droppings), faeces of other animals, such as cow, pig and
sheep,15.16 wool, 14 old paper and cardboard antigens,19:24 various kinds of moulds, e.g.,
Aspergillus fumigatus etc.,7>12 various kinds of inhalant foods, e.g., flour kinds, (wheat,
rye, oats, maize) %241b cocoa powder, various spice powders,41e various grass-, tree-,
flower-, weed pollen?:12,25:41b both in mixtures and as particular pollen species,”-14.25,
40,725 such as timothy grass (Phleum pratense), ryegrass (Lolium perenne), sage (Arte-
misia 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
some drugs, e.g., Acidum acetylsalicylicum (Figures 7,28a, 285,29,30,31).7

G. NASATL SECRETIONS (NS)

The nasal secretions (NS) are a very interesting and useful medium for supplementary
investigations, from cytologic 1-3:11a-11e,11g,11h,13a-13¢,18,20, 25,34, 40c 40f,41a-41d,41i,48a-
486,51a,510,54-56,71,72,72a,-72d,73-82,822,821,83-85,850.94 jmmunologic,1-3:11611j:23,253,34,41b,
41£,411,44,46-48,49,512,51,52-56,72b,824-82],83-85,85-85d,86-95,952,95b,96,97,972-97f,971,97v-97y
as well as biochemical and biophysical 1:41b:41i,73,82a-82¢,85,97g-971 points of view.

The hypersensitivity reactions in the nasal mucosa, leading to the development of the
particular types of the nasal response to 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 TC THE ALLERGEN CHALLENGE
[LNR] IN PATIENTS WITH ALLERGIC CONJUNCTIVITIS
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The mean NPG values recorded before and after the allergen challenge and PBS (Phosphate buffered saling) cantrols
challenge in 16 patients developing the late nasal response [LNR] and conjunctival-palpebral response
| = Initial values; PBS = Control challenge; ALL = Allergen challenge.

D m— = LNR R o = conjunctival Wi m = palpsbral
X -% =PBS hyperamia (HY) edema (PE)
A ———=—4 = conjunctival ¥ === = hyperacrimation (HL)
injection (Cl)
i ® = chemosis

References: 17,21,41b,97w
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Fig. 24a. THE IMMEDIATE (EARLY) NASAL RESPONSE TO ALLERGEN CHALLENGE

(IINR) IN PATIENTS WITH SECRETORY QTITIS MEDIA (SOM)
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The mean NPG values (nasopharynx-nostril pressure gradient = P in em HypO) recorded afler the allergen challenge,

calculated from 19 Isolated immediate nasal responses accompanied by positive middle ear response.
| = Initial values; PBS = Phosphate bulfered saline; ALL= Allergen challenge.

f#———o = [solated immediate nasal response (n=19)
Komemnenennn = PBS control tast (n=19)

References: 22,26,27,27a,27b,41b

ig. 24b. THE MIDDLE EAR RESPONSE RECORDED DURING THE IMMEDIATE
NASAL RESPONSE TO ALLERGEN CHALLENGE (IINR) IN PATIENTS
WITH SECRETORY OTITIS MEDIA (SOM)
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The tympanemetric values (MEP = middle ear pressure), In mm H O, were calculeted from all positive middle sar
rasponses appaaring during the positive | d i iate nasal resp {lINR). The spotted area reprasents
the normal value range of MEP,

o = MEP values during the [solaled immediale nasal response (n=19)
X ----------X=MEP values during the PBS contral test (n=18}

References: 22,26,27,27a,27b,41b
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THE LATE NASAL RESPONSE TO ALLERGEN CHALLENGE (LNR) IN
PATIENTS WITH SECRETORY OTITIS MEDIA (SOM)
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The mean NFPG values (nasopharynx-nostril prassure gradiert = P in em Hp2O) recorded after the allergen challenga, calculated
from 29 late nasal responses, of 2 sub-types, accompanied by positive ear response,
| = Inilial values, PBS = Phosphale buflered saline; ALL= Allergen challenge,

4————4 = Ieolated late nasal response (n=17)
A ———— d = Dual |ate nasal respense {n=12)
F— » = PBS conirol test {n=28)

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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| minutes after challange ’ hours after challenge =

The tympanometric values (MEF = middla ear pressure), in mm HaQ, were calculated from all positive middle sar
responses appearing during the both sub-types of the |ate nasal response, the Isolated late (ILNR) as well as dual
late responses (DLNRA) (=immediate + late). The spotted area represents the normal vaiue range of MEP.

it & = MEP values during the Isolated late nasal response (n=17)
A————4 = MEP values during the Dual |ate nasal responsa (n=12)
Hrramanmeen x = MEP valugs during the PBS control test (n=29)

References: 22.26.27.27a.27b.41b
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Fig. 26a.
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The mean NFG values (nasopharynx-nostril pressure gradient =4 P in cm HoO) recorded ater allergen challenge, calculated
from 13 delayed nasal responses, of 2 sub-types, accompaniad by positive middie ear respanse.
I = Initial values; PBS = Phosphate buffered saline; ALL= Allergen challenge,

o o = |solated delayed nasal response (n=g)
® ———— = Dual delayed nasal response (n=4)
» = PB5 control test (n=13}
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References: 27,27a,27b

THE MIDDLE EAR RESPONSE RECORDED DURING THE DELAYED

5ig. 26b.
NASAL RESPONSE TO ALLERGEN CHALLENGE (DNR) IN PATIENTS
WITH SECRETORY OTITIS MEDIA (SOM)
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The tympanametric values (MEP = middle ear prassura), in mm Ha O, ware calculated from all positive middle ear
responses appearing during the both sub-types of the delayed nasal resp . tha |solated detayed (IDNR) as well as
dual delayed resp (DDMA) (=immediate + delayed). The spofted area reprasents the normal value range of MEP,
o 2 = MEP values during the lsclated delayed nasal response {n=9)
8 ————s = MEP values during the Dual delayed nasal responsa (n=4)
xeweeresee- X w MEP values during the PBS control fest (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 REACTICN ORIGINATING PRIMARILY IN THE NASAL MUCOSA (n=39; 15)
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rasponses and 34 FBS confrol challenges

1= Initial values: ALL = Nasal challenge with allergan

m-————-u =LAR (n=39)
T o =DLAR (n=15)
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References: 12,40a,41,41b,41h,41i
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Fig. 28a.
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The mean NPG values recorded before and after the allargen challenge and the coca's soiution contrel challenge in 25 patients
developing both the typas of the late nasal response.

| = Initial valuss; CS = Coca's solufion; ALL = Allargen,
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= Dual nasal respanse [OLNR] (n=19)
= Isolated late nasal response [ILNR] (n=6)
= Coca's solution control challenge [CS] (n=25)
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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 responses pretreated with BUD and
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pounds and mechanisms may be involved in various steps and at various levels. 1,24, 11a-
11h,13b.13¢,41b-41d,411,71.72,72a-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 involvement of the various cell types, receptors, compounds and mecha-
nisms. 13a-13¢,13¢,13(

The hypersensitivity reactions are also exfoliative processes, leading to the influx and

release of various cell types, as well as various factors, compounds and chemical deriva-
tes into the NS.1-3.11a-11h,13a-13¢,18,20,23,25,34,40c-40f,41a-41c,48a-48d,51a-51¢,53-56,71,72,72a -

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

The involvement of the individual types of cells as well as particular mediators and/or
their derivatives in the allergic reactions or particular types of the 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 NS is a relatively easy and valuable technique for the
assessement of the changes in the count of the particular cell types appearing in NS
during the particular types of nasal response. 132:18:71,72 On the other hand, this method
is limited to the NS only and does not assess 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 appearance of various cell types in the nasal secretions,
especially of eosinophils and mast cells/basophils have already been published.4848a-48d,
74-80,82 The appearance of eosinophils in NS has been interpreted by these authors to be
an indicator of nasal allergy. However, this presumption has been derived from a single
sample of the patient’s NS and, in most cases, it has not been directly related to a certain
allergen 48b.48d.76,78-80

Other authors have suggested that the appearance of mast cells/basophils in N§
should be considered to be a diagnostic parameter for the nasal allergy,48b-48d,75,77,79, 82

Papers concerning the appearance of other cell types in NS are not numerous, 50,81
There is a dearth of detailed knowledge concerning the appearance and exact role of
individual cell types in NS during the individual hypersensitivity reactions in the nasal
mucosa and especially during the particular types of nasal respanse to allergen. 271,72

Cytolagic examination of the NS during the particular types of the nasal response to
allergen challenge (INR, LNR, DYNR) has been extensively studied by us (Tables 30-34,
Figures 32_35}_2,1 la-1le.llg,1 3a-13¢,18,20,25,26,37,38.40,40¢c-40f,41 ,41a-41d,71.72,72a-72d,97,972

The cellular changes in NS during the LNR have been studied by us for the first time
(Figure 7, 32b).2:2572

The positive LNR has been accompanied by significant changes in the count of
neutrophils in 84% of the 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, running parallel with the clinical
course of the LNR), goblet cells in 63% of the cases (increase followed by decrease),
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basophils in 8% and lymphocytes in 6% (both the cell types demonstrated a slight
increase in their count during the LNR), in the NS. No significant changes in the counts
of other types of cells in the NS (monocytes, plasma cells, mast cells) have been recor-
ded during most of the LNR cases [Table 31, Figure 32b, Plates 18-1,18-II {page 365)|.
No significant changes in the count of any cell type in the NS have been recorded either
during the PBS control challenge in any patient or during most of the negative responses.
We have concluded that the clinical LNR may be associated with changes in the count
of neutrophils, eosinophils, epithelial cells and goblet cells, indicating their possible
dynamic involvement in the mechanisms of this type of response. Moreaver, the results
of our studies have distinctly demonstrated that only a repeated examination of the NS
samples before and after an allergen challenge can be accepted as a supplementary

diagnostic and research parameter, rather than an examination of a single NS sample.18,
20,25,71,72

The cytologic changes in 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) 23,1 1a-11e,1 1g.40e.412:41571,720,72672,82.83 and the delayed nasal response
[DYNR] (Tables 32a,32b; Figure 34b).13a-13¢,41i,72a

These results and conclusions may be supported by another aspect. The cells appea-
ring in the NS before the allergen 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 LNR and shortly after its resolving, demonstrated
distinct intracellular changes, including changed cytoplasmic granules (degranulation)
(Tables 33a, 33b).!1g11h,406,40d,405,41d,411,72,72¢

Besides the changes in the count of individual cell types in NS during the particular
types of nasal response, we have also studied the condition, especially intracellular
changes and cellular membranes, of the particular cell types (e.g. eosinophils, neutro-
phils, basophils, mast cells), appearing in NS during the immediate (INR)!1a:11b,11g,72b,
72d Jate (LNR)11h40641d.72b and delayed (DYNR) nasal response (Tables 33,34).132,13¢
Moreover we have also investigated the effects of several drugs not only on the parti-
cular nasal response types (Figures 32-34),10,11,12,13,13b,14,17,21,26,38,40, 40a,415,724,97w
but also on the accompanying changes in the cellular counts in the N§,11d.11¢,13b.40¢-
40£411,724,72d and on the intracellular changes displayed by the individual cell types
(Tables 35-37, Figures 32-34).13b.40£72d

In most of the cells appearing in NS during the positive LNR, various cellular, intra-
cellular and other changes, such as degranulation, disappearance of the cytoplasmic
granules, vacuolization, diminished intake of the stain, wrinkling of the cellular mem-
brane, sometimes cellular disruption, have been recorded.40£41¢.72¢ The neutrophils
(NE) degranulated during 94% of the positive LNR cases, cosinophils (EQ) 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).40f41d,72¢

In contrast, during the INR, degranulation of EQ has been found in 63%, of NE in
74% and of BA in 16% of the cases [Tables 33, 33b, Plates 19-LILIITIV,V,VI (pages 366,
367)],11a,11b,11h,72¢,72d whereas the DYNR has been accompanied by degranulation of NE
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in 74% and intracellular changes of lymphocytes in 82% and of monocytes in 61% of the
cases (Table 34),13¢,72a

Bascom and colleagues 82 and Toglas and co-workers 83, using the nasal lavage techni-
que, have observed a significant increase in the count of what they called "alcian-blue-
stained positive cells”, most probably basophils, but also of eosinophils and neutrophils,
a slight increase in the mononuclear cells, and a decrease in the count of the epithelial
cells in NS during the "late nasal response” to allergen challenge. Walden and collea-
gues ** have recorded increases in total cell counts, particularly of eosinophils, neutro-
phils and "alcian blue cells” (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.
Iliopoulos et al>!c have also observed an increased count of eosinephils and neutrophils
in N§ during LNR. However, they have found the significant 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!1<:82,83,94 are
generally consistent with our results.20:25:41¢:41d,71,72,72a.72¢

Table30a Presence of individual cell types in the nasal secretions and changes in their
count during the Immediate nasal response [INR] in %.

INR (n=117) Changes in the cell count
NNR (n=83) between before and after
PBS (n=200) Presence of the cells the challenge
INN NNR  PBS INR NNR PBS

Eosinophils 85 19 48 68" 5 3
Neutrophils 71 17 40 47* 3 0
Basophils 16 a1l 31 13* 0 0
Epithelial cells 68 23 25 9 o) 4
Goblet cells 57 13 11 16% 4 2
Lymphocytes 11 4 7 2 3 a
Mast cells 4 2 3 0 0 0
Plasma cells 7 2z 3 0 0 0
Monocytes 1 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 : 11¢,71,724,97a

Table30b Statistically significant magnitude of changes in the
count of individual cell types in NS (p < 0.05).

Cell type Mean + SE
Eosinophils 7 (7.17 £0.91)
Basophils 2 (2.26+0.71)
Mast cells 1 (1.21 £ 0.49)
Neutrophils 8 (8.33£0.56)
Lymphocytes 2 (2.00 +0.25)
Monocytes 1 (1.26 £ 0.21)
Plasma cells 1 (1.27+0.21)
Epithelial cells 5 (5.00 + (.63)
Goblet cells 4 (4.15 £ 0.65)
NS = Nasal secretions. References: 11¢c, 71, 72
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Table31  Presence of particular cell types in the nasal secretions and changes in their
count during the late nasal response [LNR] in %.
LNR(n=104) Changes in the cell count
NNR(n= 83) between before and after
PBS(n=187) Presence of the cells the challenge
LNR NNR PBS LNR NNR PBS
Fosinophils 61 19 49 58* 5 I
Neutrophils 96 17 45 B4~ 3 2
Basophils 15 9 10 8 0 0
Epithelial cells 100 23 41 73* 4 1
Goblet cells 82 13 35 63* 3 0
Lymphocytes 18 4 9 6* 0 0
Mast cells 3 2 1 0 0 0
Plasma cells 4 2 1 0 0 0
Monocytes 1 0 0 0 0 0

LNR = Late nasal response; NNR = Negative nasal response; PBS = Phosphate buffered saline
{=control); * = statistically significant changes (0<0.05).
References : 11¢,11h,25,41b,41¢,72,72a,97

Table32a  Presence of particular cell types in the nasal secretions and changes in their
count during the delayed nasal response [DYNR] in %.

DYNR (n=83) Changes in the cell count
NNR (n=71) between before and after
PBS (n=83) Presence of the cells the challenge
DYNR NNR PBS DYNR NNR FBS

Eosinophils 26 10 12 12 3 1
Neutrophils 59 13 11 53% 7 2
Basophils 2 1 0 1 [t} 0
Epithelial cells 73 14 10 A7 4 2
Goblet cells 60 11 7 18 0 0
Lymphocytes 86 13 14 77* 8 4
Mast cells 2 1 1 0 0 0
Plasma cells 10 4 2 0 0 0
Monocytes 16 3 1 6 1 0

DYNR = Delayed nasal response; NNR = Negative nasal response; PBS= Phosphate huffered
saline (=control); * = statistically significant changes(p<0.05). References : 13a-13¢,72a
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Table32b The changes in the count of particular cell types in the nasal secretions [NS)
accompanying the positive delayed nasal response to allergen challenge

(DYNR).
Neutrophils in 530% (increase-decrease-increase)*
Eosinophils in 14% (slight increase-decrease)
Lymphocytes in 71% (increase-decrease-increase)**
Epithelial cells in 3196 (increase after resolving of DYINR)
Gaoblet cells in 5% (increase after resolving of DYNR)
Monocytes in 11% (increase-decrease before the DYNR)
Plasma cells in 6% (increase-before the onset of the DYNR)
Basophils in 0% (no pattern)
Mast cells in 0% (no pattern)

* Running almost parallel with the course of the DYNR. ** The lymphocyte count increased
immediately before the onset of the DYNR, decreased gradually during the response and
increased again after the resolving of the DYNR.

References: 13a-13¢, 72a

Table33a Review of the cellular and intracellular changes recorded in the individual cell
types in nasal scretions (NS) before and during particular 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 L e 13 65" 1} 6 0 3
Basophils 0 16* 5 1 0 0 0 ]
Mast cells 0 9+ 0 0 0 0 0 0
Neutrophils 0 49* 7 87+ 0 4 0 0

Cellular and intracellular changes: - disappearance of cytoplasmatic granules; - vacuolization;
wrinkling of cellular membrane; diminished stain intake; cellular disruption. * = p< 0.05; +=p
=0.05. N§ = Nasal secretions; Nasal response: INR = immediate, LNR = late, NNR = negative,
PBS = Phosphate buffered saline control challenge.

References: 11a, 11b, 11g, 41d, 72¢
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Table33b Cellular and intracellular changes recorded in the individual cell types in NS
before and during a particular type of the nasal response (in % of responses).
INR (n=117) LNR (n=38) NNR (n=8§2} PBS {n=154)
Before  During Before During Before During Before During

Bosinophils 4 81 13 65 0 § 0 3
- disappearance of

cytoplasmic

granules 4 63 o 49 0 6 0 3
- vacuolization 2 61 & 65 0 4 0 0
- wrinkling of cel-

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 11 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 of cel-

lular membrane 0 13 0 3 0 0 0 1
- diminished

stain intake 0 5 0 2 0 0 1 0
- cellular

disruption 0 10 1 3 0 1 0 0
Mast cells 0 9 0 0 0 0 0 0
- disappearance of

cytoplasmic

granules 0 g 0 0 0 0 0 0
- vacuolization 0 9 0 0 0 0 0 0
- wrinkling of cel-

lular membrane 0 8 0 0 0 0 0 1
- diminished

stain intake 0 2 0 0 0 1 0 0
- cellular

disruption 0 6 0 0 0 0 0 0
Neutrophils 0 49 7 87 0 4
- disappearance of

cytoplasmic

granules 0 49 7 87 0 4 0 1
- vacuolization 0 22 4 75 0 2 0 1
- wrinkling of cel-

lular memhrane 0 30 3 78 0 1 0 (i]
- diminished

stain intake 0 15 0 57 0 0 0 0
- cellular

disruption 0 12 2 69 0 0 0 0

NS = Nasal secretions; Nasal response: INR = immediate, LNR = late, NNR = negative, PBS =
control challenge.
References: 11a, 11b, 11g, 41d, 72¢
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Table34a  Cellular and intracellular changes in the particular cell types recorded during
the delayed nasal response to allergen challenge [DYNR], negative nasal
response [NNR] and phosphate buffered saline control challenges [PBS] (in

% of responses).

Dyfients DYNR (n=23) NNR (n=20) PBS (n=23)
n=23 Before During Before During Before During
Fosinophils 4 7 10 0 4 4
Neutrophils 4 78% 5 10 0 4
Basophils 4] 0 0 0 0 4
Mast cells 4 0 0 5 0 0
Lymphocytes 10 83* 5 15 0 10
Monocytes 0 61+ 0 0 0 4

NS = Nasal secretions; statistical significance of the cellular changes: * = p < 0.05; + =
p = 0.05. References: 13¢, 72a

Table34b Cellular and intracellular changes recorded in the particular cell types in the
nasal secretions (NS) during the delayed nasal response to allergen challenge
[DYNR], negative nasal response [NNR] and control challenge with phosp-
hate buffered saline [PBS] (in % of responses).

Datiaits 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 (1] 74* 0 0 0 0
- vacuolization 0 60+ 0 5 0 0
- wrinkling of cellular

membrane 0 65+ 0 0 0 0
- diminished stain intake 4 707 5 5 0 4
- cellular disruption 0 4 0 0 0 0
Lymphocytes 8 82" 5 15 0 4
- vacuolization 4 b 0 5 0 0
- wrinkling of cellular

membrane 0 78* 5 5 0 4
- diminished stain intake 4 8z* 0 5 0 0
- diminished compactness

of the nucleus 0 70* 6] ] 0 0
- wrinkling of the nucleus 0 60+ 0 0 0 0
- cellular disruption 0 1 0 0 0 0
Monocytes 0 61+ 0 0 0 4
- increase in the size 0 39+ 0 0 0 4
- vacuolization 0 48+ 0 0 0 0
- wrinkling of cellular

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 4] 0 0 0

Statistical significance of the changes: * = p < 0.05; + = p =0.05
References: 13¢, 72a
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Table35a Presence of the particular cell types in the nasal secretions (NS) during the
non-pretreated INRs and INRs pretreated with intranasal DSCG and
BSA/BDA (in % of cases).

INR #on-pretredtod INRs pretreated with
n=18 INRs DSCG BSA/BDA
Eosinophils 89 22" 72
Neutrophils 72 3o 61
Basophils 17 o* 11
Mast cells 6 0 6
Epithelial cells 67 178 72
Goblet cells 61 11* 49
Lymphocytes 11 10 ¥
Plasma cells 9] ] 0
Monocytes 0 0 0

* The count of particular 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 = Beclomethasone dipropionate.

References: 11d, 11e, 72a, 72d

Table35b Changes in the count of particular cell types in the nasal secretions during the
non-pretreated INRs and INRs pretreated with intranasal DSCG and
BSA/BDA, with respect to the pre-challenge count (in % of cases).

INR noniprtmeited INRs pretreated with
n=18 INRs DSCG BSA/BDA
Eosinophils 67" 11 61%
Neutrophils 55* 6 44*
Basophils 17% 0 i o
Mast cells 0 0 0
Epithelial cells 28+ 0 22+
Goblet cells ko 6 224
Lymphocytes 0 0 0
Plasma cells 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, 11¢, 72a, 72d
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Table35¢ Degranulation and other intracellular changes recorded in the individual cell
types in the nasal secretions (NS) during the non-pretreated INRs and the
INRs pretreated with intranasal DSCG and BSA/BDA (in % of cases).

INR Non-pretreated ISR predrenasd yih
n=18 INR DSCG BSA/BDA

D ICH D ICH D TCH
Eosinophils 78 67 11 6 45% 39*
Neutrophils 67" 28 39t 17 6 0
Basophils 17* 11* 0 0 11 6+
Mast cells 6 6 0 0 0 0

INR = Immediate nasal response; I = 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), + statistical borderline (p = 0.05)

References: 72a, 72d

Table36a Presence of individual cell types in the nasal secretions (NS) during the non-
pretreated LNRs and LNRs pretreated with intranasal DSCG and BSA/BDA
(in % of cases).

LNRs pretreated with

LNR non-pretreated

n=16 LNRs DSCG BSA/BDA
Eosinophils 69 19* 25F
Neutrophils 94 38" 31
Basophils 19 g 13
Mast cells 6 0 5}
Epithelial cells 100 31* kg
Goblet cells 81 6" 13*
Lymphocytes 13 0 0
Plasma cells 0 0 0
Monocytes 0 0 0

*The count of particular cell types, which was significantly 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: 11c, 40d, 40c, 40f, 72a, 97
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Table36b Changes in the count of particular cell types in the nasal secretions during the
non-pretreated LNRs and LNRs pretreated with intranasal DSCG and
BSA/BDA, with respect to the pre-challenge count (in % of cases).

LNR non-pretreated LNRs pretreated with
n=16 LNRs DSCG BSA/BDA
Eosinophils 50 6 19
Neutrophils 7o* 19 0
Basophils 15 0 6
Mast cells (4] 0 0
Epithelial cells 88* 25 31+
Goblet cells 69* 6 13
Lymphocytes 0 0 0
Plasma cells 0 0 0
Monocytes 0 0 0

Changes: *statistically significant (p < 0.05); + = statistical borderline (p = 0.05).

LNR = Late nasal response; DSCG = Disodium cromoglycate (Cromolyn); BSA = Budesonide;
BDA = Beclomethasone dipropionate.

References: 11¢, 40d, 40c, 40f, 72a, 97

Table36c Degranulation and other intracellular changes recorded in the individual cell
types in the nasal secretions (NS) during the non-pretreated LNRs and the
LINRs pretreated with DSCG and BSA/BDA (in % of cases).

LNR pretreated with
Non-pretreated

LNR LNR DSCG BSA/BDA
N=16 D ICH D ICH D ICH
Eosinophils 56% 507 6 6 25+ 25+
Neutrophils 75 63* 38+ 31+ 13 6
Basophils 13 6% 0 0 6+ 6
Mast cells 6* 0 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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Table37a Presence of individual cell types in the nasal secretions (NS) during the non-
pretreated DYNRs and DYNRs pretreated with intranasal DSCG and

BSA/BDA (in % of cases).
DYNR b orstrented DYNRs pretreated with
n=12 DYNRs DSCG BSA/BDA
Eosinophils 25 17 25
Neutrophils 66 75 25*
Basophils 8 17 8
Mast cells 8 0 8
Epithelial cells 75 75 i
Gablet cells 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 <
0.03), with respect to the non-pretreated DYNRs,

References: 13a-13c, 72a

Table37b Changes in the count of particular cell types in the nasal secretions (NS)
compared before and after allergen, during the non-pretreated DYNRs and
DYNRs pretreated with intranasal DSCG and BSA/BDA (in % of cases).

DYNR A pretieated DYNRs pretreated with
n=I12 DYNRs DSCG BSA/BDA
Eosinaphils 17+ 8+ 8
Neutrophils 424 507 17
Basophils 0 0 0
Mast cells 0 0 0
Epithelial cells 42% 42* 17
Goblet cells 17 25*% 0
Lymphocytes 92* 100* 25
Plasma cells 0 0 0
Monocytes 0 0 0

DYNR = Delayed nasal response; DSCG = Disodium cromoglycate (Cromolyn); BSA =
Budesonide; BDA = Beclomethasone dipropionate. Changes in the count of particular cell
types:* Statistically significant (p < 0.05); + = statistical borderline (p = 0.05)

References: 13a-13¢, 72a
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Table37c  Degranulation and other intracellular changes recorded in the individual cell
types in the nasal secretions (NS) during the non-pretreated DYNRs and
DYNRs pretreated with intranasal DSCG and BSA/BDA (in % of cases).

DYNR pretreated with
Non-pretreated

DYNR DYNR DSCG BSA/BDA
N=12 D ICH D ICH D ICH
Eosinophils o U] 0 ] 0 0
Neutrophils 42* 25+ 33* 25+ 17 8
Basophils 0 0 0 0 0 0
Mast cells 0 0 0 0 0 0
Lymphocytes - 83* - 754 - 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) ar + statistical borderline (p = 0.05)

Reference: 13b, 72a
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The mean NPG values recorded after the nen-pretreated and pretreated nasal challenges, with raspect fo the appropriale

control PBS (Phogphate Bufferad Saline) NPG values, were always calculated from 16 patients developing 16 positive late
nasal responses (LNAJL

| = Initial values; PBS = Control challenge; ALL = Allsrgan challenge.

s = Non-pretreaied LNR

«m = LNR pretreated with DSCG
=4 = LNR pretreated with BSA
—oeo% = PBS control challenge

References: 11g,11h,12,25,402,40¢,40d,40f,41a,41b,41¢,41d,411,72,72a,72¢,121b,121j
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Fig. 32b. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE
NON-PRETHEATED LATE NASAL RESPONSE (LNR)
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(PBS) calculated {rom 16 positive LNRs. The mean changes i the count of the individual cell types in the NSs were
calculated from 16 positive LNRAs,

I = Initial values; PBS = Contral challenge; ALL = Allergen challenge.

| hours aftat challange

L] =LNA
o————-0 = Eosinophils
4 =~ Basophils

4 = Mastcells
-0 = Neutrophils
“-% = (oblet cells

1 late nasal (n=16)

—Hd = Lymphocytes

—4 = Epilhalial calls
= — # = Plasmacells
i x = Manocyles

References: 11g,11h,12,25,40a,40c,40d,40f,41a,41b,41¢,41d,411,72,72a,72¢,121b,121j
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Fig. 32c.
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The mean NPG valuas recorded after the PBS coniral challenge with respect to the initial NPG values, calculated from
16 patients developing the positive (LNR), The mean changes in the count of individual call types in the NSs were
calculated from 16 PBS control challanges.

| = Initial values; PBS = Control challenge.

=% = PBS contral challenge (n=18})
;= Ensinophils

A = Basophils

= Mast cells

= Meutrophils

= Goblel calls

= Lymphocytes

= = Epithelial calls

- = Plasma calls

¥ - % = Monocylas

References: 11g,11h,12,25,40a,40¢,40d,40f,41a,41b,41¢,41d,411,72,722,72¢,121b,121j
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The mean NPG vales racorded after the allsrgen challange pretreated with DSCG with respect to the control NPG values
(FBS), calculated from 16 positive LNRs, Tha mean changes in tha count of tha individual cell types in the NSs were
calculated from 16 posilive LMRs.

| = Initial values; PBS = Control challenge; ALL = Allergen challenge,

L ®» = |NR pratraated with DSCG (n=16}
————— 0 = Eosinophils
-—===A =« Basophils
=} = Mast cellz
+O = Meutrophils
—% = Goblet calls
R = Lymphooyles
& = Epithslial cells
- % = Plasmacells
~-% = Manocytes

References: llg,l1h,12,25,40a,40¢,40d,40£4Ia,41b,4lc,41d,41i,72,723,72c,12]b,121j
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The mean MPG values recorded alter the allergen challenge pratreated with BSA with respect 10 the confrol NPG values
(PBS), calculated from 16 positive LNAs. The mean changes in tha count of tha individual cell types in the NSs were
calculaied from 16 positive LNRs,
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References: 11g,11h,12,25,40a,40¢,40d,40f,41a,41b,41¢,41d,41i,72,72a,72¢,121b,121j
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The mean NPG values recorded after the non-prefreatad and pretreated nasal responses, with respect to the appropriate PBS
contral (Phosphate Buffered Saline) NPG valuas, were always calculated from 18 patients developing 18 positive immediate

nasal responses (INR).

| = Initial values; PBE = Control challenge; ALL « Allergen challengs.

a e = NMaon-pr
= m  =I|NR pratraated with DSCG
==& =INR pretreated with BUD
-vx = PBS control challenge

i INR

References: 10,11,11a-11e,11g,14,20,40a,41a,41¢,411,71,72a,72¢,72d
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The mean NPG values recorded after the PES control challenge with respect to the initial NFG values, caleulated from

18 patiants developing the positive (INR). The mean changes in the count of individual cell types in the NSs were
calculated from 18 PBS control challenges.
| = Inibal values; PBS = Control challenge.

Keearenennea X = PBS control challenge (n=18)
O -0 = Ecsinophils
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= Goblet cells
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References: 10,11,11a-11e,11g,14,20,40a,41a,41¢,411,71,72a,72¢,72d
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Fig. 33d. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE
IMMEDIATE NASAL RESPONSE (INR) PRETREATED WITH DISODIUM
CROMOGLYCATE (DSCG)
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The mean NPG values recarded afier the allergen challenge pretreated with DSCG with respect to the contral NPG values
(PBS), caleulated from 18 positive INRs. The mean changes in 1ha count of the individuzal cell typas in tha NSs ware
calculated from 18 positive INRs.

| = Initial values; PBS = Control challange; ALL = Allergen challenge.

B — = = |NA pretraated with DSCG (n=18)
e O = Eosinophils

flt==es & = Basophils

= Mast cells

= Neutrophils

= Goblet cells

= Lymphocytes
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= Plasma cells

References: 10,11,11a-11e,11g,14,20,40a,41a,41c,411,71,72a,72¢,72d
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(PRS), were calculated from 12 pesiiive DYNRs. The mean changes in the count of the individual cell types In the NSs
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Fig. 34c.  CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE Fig. 34d. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE
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The mean NPG values recorded after the allergen challenge prereated with BUD with respect te the control NPG values
(PBS), were calculated from 12 positive DYNRs. The mean changes in the count of the individual cell types in the NSs were
calculated from 12 positive 0% MRs.
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LEGENDS: 1 = initial value,

Fig. 35. SURVEY OF THE BASIC PATTERNS (TYPES) OF THE CHANGES IN THE
EOSINOPHILS' COUNT IN THE NASAL SECRETIONS DURING THE
NASAL PROVOCATION TESTS.
increase of type 1 lype 2 typa 3 typs 4 typa b type 6
eosinophils 79 T G s
count
b)
a}
| R ! 1 UL I I LI} T I { LT T T
IC 0 60 IC € 60 IC O 80 [G 0 60
! f f t
All All All All All
time in minutes
charagteristics; - f s ) +++T++++++ it + f++ 4t ¥ T++ HHr + +++f T & % +++f AR

bB) +T+

C = coca's value, All = allergen challenge.

2. IMMUNOLOGIC ASPECTS

The immunologic aspects of NS during the LNR predominantly comprise the immu-
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.L11f11h,25a,34,41b,41,41,48,53,54,73,78,82d-82},84,85,86-91,93,94,952,97b,97¢,97v

The immunoglobulins, total IgE, antigen-specific IgE, total IgG, and IgA (sometimes
[gM), have already been repeatedly demonstrated in the nasal secretions of patients
suffering from allergic rhinitis in both the perennial and seasonal forms,36,84,85,86-92
However, most of these studies have been carried out as a single determination of these
immunoglobulins in NS and they have not been related to a specific allergen. Some
investigators have provided evidence for a local production of IgE, IgA, and 1gG antibo-
dies in the nasal mucosa.36.46.84,86, 87, 90,91 Moreover, the local production of immu-
noglobulins was significantly higher in subjects with allergic rhinitis.36.20.21

Studies dealing with the determination of the particular immunoglobulin classes in
the NS during the immediate nasal response to allergen challenge are only very few.2:92
The changes in concentration of the particular immunoglobulins in the NS during

the LNR, in a sufficiently large group of patients, have to our knowledge, not yet been
investigated.
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In some patients (n = 24), developing an isolated form of LNR, in whom the cytolo-
gic changes in the NS were studied,?5 we also have determined the total and specific IgE,
total IgG, total [gM and total IgA immunoglobulins in the NS before and, repeatedly,
after the allergen challenge, as a preliminary investigation.41P The total [gE immunoglo-
bulins were found in 2 patients (= 8.4%), allergen-specific IgE in another 3 (= 12.5%),
IgGin 11 (=45.8%), IgM in 1 (= 4,2%) and IgA immunoglobulins in 1 patient (= 4.2%).
The concentration of total IgF, specific IgE, and total IgA immunoglobulins did not
change in any of 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 24 h
after the resolution of the clinical response (Table 38),

In another preliminary study,25a41641i including 74 patients developing an isolated
form of LNR, final data of which have not yet been published, we have determined the
concentration of antigen-specific IgE in the NS before and at 3, 6, 9, 12 and 24 hours
after the allergen challenge. The specific IgE antibodies against the particular allergen as
that eliciting the INR, 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 and in 2 cases of 0.70-3.50
U/ml. No significant changes in the concentration of the specific IgE have been recor-
ded during the LNR in these 7 patients. In another 4 subjects (=5%) with non-detecta-
ble concentration of specific IgE antibodies before the allergen challenge, these antibo-
dies have been detected during the clinical LNR, at 6 and 9 hours, however, only to a
slight degree (class 1) (Table 39).

Table38  Presence and changes in the concentrations of particular immunoglobulins in
the nasal secretions (NS) during the late nasal response (LNR), negative nasal
response (NNR) and PBS controls.

Changes in the immunoglobulin
concentrations during the
appmpiate nasal response

Presence of immunoglobuling

LNR NNR PBS

(n=24) (n=20) (n=24) LNR NNR PBS
Total IgE 2 (8.4%) 0 1 (4.29%) 0 0 0
Antigen-
specific Igh 3(12.5%) 1 (5.0%) 1 (4.2%) 0 0 i
Total IgG 11(45.0%) 1 (5.09%) 6(25.0%) 8(33.3%) 0 D
- lgGl 0 ] 0 0 0 0
-1gGG2 7{29.1%) 0 2 (8.4%) 0 0 0
-1gG3 5(20.8%) 0 1 (4.2%) 0 0 0
- IgG4 0 0 0 0 0 0
Total IgM 1 (4.29) 0 1 (4.2%) 0 0 1]
Total TgA 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 of cells), appearing in the NS
during the clinical LNR, have attracted the attention of many investigators, especially
during recent years, and many interesting studies have been published on these topics.
34,35¢,47,48,48b,48d 48¢,49,51 ¢,52-57,82,82b,82d,82¢,8211,82j, 83,91-95, 97b-97¢

Naclerio,33:54 Bascom,34 Togias,36:83 Iliopoulos,51c Walden,%4 MacGlashan®7e and
their colleagues, using the nasal lavage technique, have repeatedly recorded increased
concentrations of histamine, kinins and TAME-esterase (N-@-tosyl-L-arginine methyl-
ester) in NS during the LNR, whereas during the INR they have found increased con-
centrations not only of histamine, kinins and TAME-esterase, but also of prostaglandin
D, (PGD,). Freeland and colleagues*97 have detected an increased concentration of
leukotriene B, (LTB,) in NS during the LNR as well as during the INR.

Gert van Wijk 35¢ has recorded an increased concentration of histamine, LTC,/D,
and albumin in the nasal lavage fluid 3-10 hours after the nasal challenge with allergen.
However, in most of his patients the late appearance of the nasal obstruction (clinical
INR) has not been confirmed by rhinomanometry.

Table39  Presence of the antigen-specific Igh antibodies (RAST) in the nasal secretions
(NS) before and their changes during the late nasal response to allergen
challenge (LNR).

Changes in the concentration

Shediria i during the LNR

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

Group I (n=7) 7 (=9.5%) - - 7
Group I1 (n=4) 0 4 (=54%) - -
Group 111 (n=63) 0 : 0

() = no case; - = not relevant
References; 411, 411

Togias and co-workers,#3 Pipkorn and colleagues 95 and Naclerio and colleagues 33
have reported the recording also of other leukotrienes (LTC,, LTD, LTE,) in NS
during the LNR. However, there is a dearth of more detailed information concerning
this topic. Bascom and co-workers48:975 have found a significant increase in the con-
centration of major basic protein (MBP) in NS during both the LNR and the INR,
correlating with the cosinophil influx into the NS. Moreover, they also have measured a
significant increase in the concentration of eosinophil-derived neurotoxin (EDN) in NS
during the LNR. Togias and colleagues56 have detected bradykinin and lysylbradykinin
in the NS during both the LNR and the INR. Bisgaard and colleagues 82 and Davies and
co-workers 971 have recorded a significant increase in concentration of the eosinophil
cationic protein (ECP) in nasal secretions during the LNR (6-24 hours after the nasal
challenge with grasspollen in the grasspollen-sensitive subjects), while they did not
detect any significant ECP changes during the INR. Most of these studies, however,
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concern a small number of subjects and no clinical course of the LNR (=nasal obstruc-
tion) has probably ever been recorded.

We have also investigated the concentration of histamine and its changes in NS
during the immediate, late and delayed nasal response to allergen challenge (Tables
18,19).1 In contrast to other investigators’ results,351¢,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 INR cases (Tables 18,19;
Figures 19-21). 116 11j41bd i

Moreover, no increase or changes in the concentrations of histamine in the blood
plasma have been detected by us during the INR, LNR or DYNR to allergen challenge
(Table 17).97%

Finally, Skoner and colleagues®! have measured an increased concentration of neu-
trophil chemotactic factor (NCF), histamine and prostaglandin (PGF, ) metabolites in
the serum, during the LNR.

3. BIOCHEMICAL AND BIOPHYSICAL ASPECTS

Biochemical and biophysical characteristics of the NS have been summarized very
comprehensibly by Mygind and colleagues?3-8> They comprise not only the composi-
tion of NS, such as ratio and participation of products of various secretory elements in
the nasal mucosa (serous and sero-mucous glands, gablet cells etc.) and additional
fluids, e.g. condensed expiratory water, plasma transudation, secretions of paranasal
sinuses and tears; but also other properties of the NS, such as color, transparency,
consistency, viscosity, dilution, density, pH, and a variety of chemical components
(electrolytes, proteins, sulphates, sugars etc.).

Regarding the preliminary results of these investigators, the origin of nasal secretions
may partly be due to the glandular secretions, partly due to the transudation from
plasma, and partly due to the additional fluids.72.978.97h Brofeldt and colleagues®7g27h,
studying the NS in a group of pollen-sensitive rhinitis patients, have measured an
increased viscosity of nasal secretions after an allergen challenge, as compared with the
baseline, whereas the viscosity of nasal secretions had decreased after the histamine and
even more after 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 lower in the NS. The albumin has been found in
similar levels in NS and bronchial secretions, a fact which may indicate a comparable
degree of transudation from the plasma. Raphael and co-workers, %71 investigating the
NS after an allergen challenge, have measured an increased concentration of the total
protein in both ipsilateral and contralateral nasal secretions, an increased proportion of
albumin relative to the total protein (the albumin percent) on the ipsilateral side, and
increased relative proportions of lactoferrin and lysozyme (the lactoferrin percent and
lysozyme percent) on the contralateral side. However, most of the investigations con-
cerning the biochemical and biophysical aspects and properties of the NS have been
performed either during the allergen-induced INR972-971, or after the challenge with
histamine or methacholine97h.97i or after other non-specific stimuli.35 Similar bioche-
mical and biophysical properties of NS and their changes during the LNR have, howe-
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ver, not yet 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.12:41i During the
LNR, the viscosity 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.

Qur results should, however, be regarded as preliminary only, and more systematic
attention should be 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 and its
histological examination, seems to us to be a very important diagnostic parameter for
the evaluation of the pathological changes in the nasal mucosa tissue, accompanying the
appropriate type of nasal response, and also a very interesting research technique for
studying the immunologic mechanisms underlying the particular types of the nasal re-
sponse to allergen challenge. However, like several other very useful techniques, the
biopsy of the 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
changes in the tissue, the choice of the biopsy instruments and the location where the
tissue samples should be taken, the technique of the processing of the tissue, and the
interpretation aspects. Finally this technique is not totally without risk for the patient,
e.g. bleeding.

Several papers dealing with the biopsy and histological changes of the allergic nasal
mucosa have already been published.40n:48¢,51b,74,75,85.97£,97j-97u,97z

The studies concerning the biopsy of the nasal mucosa related to a certain allergen are
not numerous, 48¢51b,97j-97p,97 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 moreover, they predominantly concern the INR.97t

However, there is a dearth of information concerning the histological changes in the
nasal mucosa during the LNR. We have been unable to find any paper on this topic in
the available literature.

According to our preliminary findings? and some later studies, results of which have
been recently published,41i.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 some breaches filled with fluid; some epithelial and goblet cells have been
expelled and left empty holes in the epithelium; (2) the compactness of the basement
membrane has been found to be irregular and with single breaches; (3) the edematic
sub-epithelial layer of the lamina propria contained mixed eosinophil-neutrophil
infiltrates and single mast cells, basophils, menocytes and lymphocytes; (4) the lamina
propria showed a perivascular edema, dilatation of the terminal parts of the capillaries
and sporadical rupture of the small capillaries with erythrocyte expulsion [Table 40;
Figures 36a, 36b; Plate 20 (page 368)].
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The histological 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)2.96:97a and the DYNR (Table 42; Figure 38).96 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
been largely pronounced and included slight, however reversible, tissue damage of the
nasal mucosa with some inflammatory components.

In contrast, the histological changes in the nasal mucosa having having been recorded
during the positive DYNR represented damage of the nasal mucosa upon invelvement
of the distinct inflammatory component. Nevertheless, this damage of the nasal mucosa
tissue may also be considered to be of a 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

enlarged intercellular spaces and breaches in 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 mast cells, monocytes and lymphocytes

perivascular edema in lamina propria with dilated, sometimes disrupted, capillaries and
sporadical erythrocyte expulsion

IR R R &R

+

These changes represent a slight damage of the tissue

Table4l  Histological changes in the nasal mucosa (= biopsy) during the Immediate
nasal response (INR) - as compared with the “pre-challenge” findings

increased amount of thin serous secretions on the epithelial surface

enlarged ducti of mucosal glands

enlarged intercellular spaces in the epithelium

eosinophil and tissue mast cell accumulation, but not infiltrate forming, in the upper

layer of the lamina propria (approximately 30% of eosinophils and 80% of mast 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 membrane was intact (not affected)

LB 2R K

These changes are of a “functional” and transient character
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Table42  Histological changes in the nasal mucosa (= biopsy) during the delaved nasal
response (DYNR) - as compared with the “pre-challenge” findings.

edematic epithelium showing decreased compactness

enlarged intercellular spaces, breaches and empty holes in the epithelium

expelled epithelial and goblet cells

diffuise hemorrhages in the epithelial layer

distinct edema of the sub-epithelial layer

several breaches in the basement membrane

perivascular edema and infiltrates in the upper layer of the lamina propria formed by poly-
morphonuclear leukocytes, predominantly nentrophils and small lymphocytes, sometimes also
plasma cells

disrupted wall of several capillaries accompanied sometimes by expulsion of erythrocytes into
the perivascular tissue,

LA s & = B

..v

These changes represent a distinct damage of the nasal mucosa due to a distinet inflammatory
component.

Fig. 36a. HISTOLOGY OF NASAL MUCOSA DURING THE LATE
NASAL RESPONSE
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Fig. 36b.  HISTOLOGY OF NASAL MUCOSA DURING THE "PBS"
(Phosphate buffered saline) CONTROL CHALLENGE

Cellsin +++
dssue
+++
=
++ ]
+ n o o
£ doer A0EH doerm doex
=< Dgrxe izt & 8 AR Arex
) I 1 I
-60 min 3 0 30 min & hrs 32 hrg
BASELINE PBS

CHALLENGE

Appearance of parficular cell types in the nasal musosa before and aftar

"PBS comirel challenge”. Patients were divided info the 3 groups. Two biopsies were always performed
In each of the patients; Gr | (n=8) at -30 min and +30 min, Gr I {n=5) at -30 min and +& hrs and

Gr Il (n=5} at -30 min and +32 hrs.

o = Eosinophils; O = Neutrophils; 4 = Basophils; b= Masl cells,
4 = Epilhelial cells; x = Cobletcells; 2 =Lymphocyles, = =Monocytes;
= = Plasma cells

References: 96,97,97a

1i4

Fig. 37.

Cells in +++

fissue

HISTOLOGY OF NASAL MUCOSA DURING THE IMMEDIATE
NASAL RESPONSE

ot ]

o
i
+ ] (e
il
-4 K
-60
A
BASELINE ALLERGEN Maximum
CHALLENGE of the INR

Appearance of particular cell types in the nasal mucosa before and during the "Isolated immed|ate
nasal response o allzrgen challenge® (IINR; n=g].

O =——=—0 = Eosinophils

O ———— o = Nsutrophils

4 —=——— & =Basophils

= Mast cells

= Epithelial cells
= Gioblat cells

= Lymphocyles
« Manecyles

= Plasma calle

References: 96,97a

115



Fig. 38. HISTOLOGY OF NASAL MUCOSA DURING THE DELAYED
NASAL RESPONSE
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III. LATE NASAL RESPONSE TO FOOD

The LNR caused by "adverse reactions to foods” (the food allergy being one of the
suspect mechanisms), should be regarded as a special form of the late-phase reaction
(LPR) in the nose (Table 43; Figures 39,40).26.272,3740a,41,41b.41e,41g 411

1. THE ROLE OF FOODS AND FOOD ALLERGY IN ALLERGIC DISORDERS

The role of food allergy and of food in general, in subjects with various allergic disor-
ders, especially in patients with nasal symptoms and complaints, is still underestimated
by the clinicians.26 The participation of foods in patients with allergic rhinitis and the
involvement through the hypersensitivity as one of the possible mechanisms, has alrea-
dy been discussed in the literature.98-104 However, until now only few papers dealing
with the nasal response due to food ingestion challenge have been published. 26,272,537,
400,41,41e,411,101,104

The role of foods in various allergic disorders has been a topic of our research and
clinical interest for several years. We have studied the involvement of foods in patients
with allergic rhinitis,26:37-40,40a,40b,41,41b.41e secretory otitis media, 26272 bronchial
asthﬂ-la)39,l(}5—l 11,111a-111c url—i_Carja, 112-114,114a atopic eczema‘:‘)g.l 15,116,116a-116¢,117
migraine,3%:117b-117¢ and other disorders,! 172-117h ag well as the pharmacologic modu-
lation of these I.'C‘SPOHWS.26‘3?’38‘40'403’ 40b,106,108,111,111a-111¢,112-114.114a,116b,116c,117,
1174,117¢-117e,117h; 117h

2. BASIC TYPES OF NASAL RESPONSE TO FOOD INGESTION

The existence of various clinical types of nasal mucosa response due to the foed in-
gestion challenge has probably been reported for the first time by us,26:37.41.117 and is
extensively described in our previous and recent papers.38,40-402.400,41,41b.41e

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 and resolving 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 an isolated late response (ILNR) or as a dual
response (DINR), being a combination of an immediate and a late nasal response
(Figurf—: 4{)}_26,37,40,41

The INR occurs in approximately 47% of the patients with allergic rhinitis, in whom
the foods participate in the nasal complaints.#!

The clinical description of LNR to food in detail, its relationships and correlation with
particular ”in vivo” and "in vilro” 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  Survey of the disorders caused by foods, their ingredients or factors relating
to them, which can lead to symptoms similar to those due to the food allergy
mechanism.

. Idiosyncrasy

Intolerance (e.g. enzymatic)

Non-specific hyperreactivity (e.g. histamine or other mediator liberators, 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
— mycotoxing

(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,111c

W
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Table44  The time-course of the individual clinical 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 time is expressed in minutes or hours after a 60-minute waiting interval following the food
ingestion challenge.
References: 26,40.40a,41,1 17f

3. "LNR" TO FOOD AND OTHER DIAGNOSTIC PARAMETERS

The LNR to food has been associated with other "in vivo” and " i vitro” diagnostic
parameters and factors 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 [gG in serum in 24%, total
lgM in 10% and total [gA in 1%; (6) increased blood eosinophil count in 8% and
leukocyte count in 9%; (7) appearance of nasal mucosa: hyperemic aspect in 23%,
violaceous aspect in 76%; (8) nasal mucosa haemorrhages in 21%; (9) nasal symptoms:
obstruction in 96%, hypersecretion in 14%, sneezing in 0%, itching in 51%,; (10),
changes in the nasal secretions count of eosinophils in 3%, of neutrophils in 70%,
goblet cells in 51% and epithelial cells in 46%.
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Table45 The association of the particular types of nasal response to food ingestion
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
Increase in specific serum IgE(RAST) 38 3 1 4
Increase in blood eosinophils 14 17 2
Increase in blood leukocytes 10 38 11 3
Aspects of the nasal mucosa:

hyperemia 197 48 1 5

violaceous aspect 70 155 163 0
Nasal mucosa haemorrhages (o] 42 72 0
Nasal secretions —
Changes in count of:

eosinophils 201 128 53 21

mast cells/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,41,109,117f

4. "LNR" TO FOOD AND OTHER ORGANS'SYMPTOMS

The LNR to food has also been regularly 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),14826,40a,41.41g and sometimes also bronchial obstruction,26:41 migraine,3%
117¢ or other symptoms or complaints [Table 46; Figures 41b,43; Plates 21a-21c¢, 22a-
22¢ (page 369)]. 117a-117h

5. PHARMACOLOGIC MODULATION OF THE “LNR" TO FOOD

The pharmacologic modulation of LNR due to food ingestion challenge has also been
studied by ug.26:38:40,40a,40b,117h,117i Djsodium 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), whereas it has protected the DYNR
to a slight degree only (p <(0.05) (Figures 40b,41c,42c).26,38:40,40a,40b

In contrast, we have found that the oral antihistamines (H,-, H,-receptor antago-
nists) as well as the nasal topical glucocorticosteroids have not been 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 other organs' responses accompanying the
particular types of the nasal response to food ingestion challenge.

Nasal mucosa respanse 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 L
hypersecretion 193 166 39 16
itching 181 75 145 13
General malaise complaints 22 54 49 1
Conjunctival irritation 35 18 6 0

Middle ear respanse (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
Bromchial complaints 13 15 12 8
Other complaints 2 1 2 0

References: 11h,26,40,40a,41,117f
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Fig. 39. SCHEDULE OF THE FOOD INGESTION CHALLENGE [FICH]
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Fig. 40a. THE LATE NASAL RESPONSE (LNR) DUE TO THE FOOD INGESTION CHALLENGE
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Fig. 40b.
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Fig. 41a.  IMMEDIATE, LATE AND DUAL LATE NASAL RESPONSE TO THE FOOD
INGESTION CHALLENGE
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Fig. 41b. MIDDLE EAR RESPONSE TO THE FOOD INGESTION CHALLENGES
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References: 11h,26,41g,41i
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Fig. 41c. THE PROTECTIVE EFFECTS OF ORAL DISODIUM CROMOGLYCATE (DSCG)
ON THE NASAL RESPONSE DUE TO THE INGESTION CHALLENGE WITH FOOD
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The mean MPG values after nen-pretrealed and pretreated nasal mucosa responses due to the
food ingestion challenge, with respect to the appropriaie "Coca's solution” NPG values, were
always calculated from all patients developing the same type of nasal response

DSCG= Disodium cromaglycate-orally.
=non-pretrealed, o-—----o = pretreated with DSCG;

a-mmmeeap = pretreated with DSCG;
----- -0 = pretreated with DSCG.

ISOLATED IMMEDIATE RESPONSE (n=1): =
ISOLATED LATE RESPONSE (n=2): a———a = non-pretreated,
DUAL RESPONSE (immediate «|ate)(n=22) wm——a =non-pretreated, o-

References: 27b,38,40,40a,41

126

DELAYED NASAL RESPONSE TO THE FOOD INGESTION CHALLENGE

Fig. 42a.
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42b. MIDDLE EAR RESPONSE TO THE FOOD INGESTION CHALLENGE
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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 tympanomeatric valuss (MEP=middie ear pressure in mmH0) were calculated from all patients with t& same type
of the middle ear response [MER). The spotted area indicates the normal value range of MEP.
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References: 27b,38,40,40a
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THE LATE MIGRAINE RESPONSE (LMR) [=MIGRAINE, HEADACHE] DUE TO THE

Fig. 43a.
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The mean score values of the *migraine headacha”, racorded after the non-pretreated food ingestion challenge and the

confrel ingestion challenge with indifferant food, were calculated from 14 patients.
1= Initial value (mean). Statistical significance of the differences: + = p=0.05; % = p<0.05; %+ = p<0.01.

=] o = Non-pretreated LMR (n=14)
%-----—---—3% = Control ingesiion challenge {n=14}

References: 14g,26,39,40a,41,41g,117a-117h
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Fig. 43b.
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The mean scora of the "migraine headache”, recordad alter the food ingestion challenges pretreated with oral Disodium cromoglycats

(Cromelyn, DSCG) and with Plagebo (PL), were caleulated from 14 patients.
| = Initial value (mean), Statistical signiticance of the differences (=protective effacts of DSCG with respect to the Placebo);

+=p=0.05; » = p<0.05; w= = p=0.01.

= = | MR pretreated with oral DSCG (n=14)
4 = LMR prefreated with oral Placebo {n=14)

References: 14g,26,39,40a,41,41g,117a-117h
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Fig. 43d. PROTECTIVE EFFECTS OF ORAL CROMOLYN (DSCG) ON THE LATE MIGRAINE
RESPONSE (LMR) DUE TO THE FOOD INGESTION CHALLENGE

LATE MIGRAINE RESPONSE (LMR) DUE TO THE FOOD INGESTION CHALLENGE
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References: 14g,26,39,40a,41,41g,117a-117h
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- The late nasal response —

IV. PHARMACOLOGIC MODULATION OF ”LNR”

The LNR can be prevented significantly (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 previous clinical studies (Table 47).2.12.14,
17,21,22,27,40¢-40d,40f,41b,,412.411,72a,118, 121b,1213,1 21

Table47  Protective effects of basic drugs on the Immediate [[NR], Late [LNR], and
Delayed [DYNR] nasal response and on the Non-specific nasal hyperreac-
tivity [N-SH]| represented by the nasal response to histamine challenge.

INR LNR DYNR N-SH

Antihistamines

H,-receptor antagonists EE - = +

H,-receptor antagonists = = - 0

H,- + H,- receptor

antagonists = - = 0

Anticholinergics

systemic (oral)(2) - - +

topical(b} - - - F
Calcium channel blockers 0 0 0 0
Acetylsalicylic acid 0 0 0 0
cAMP modulators 0 0 0 0
Alpha,-sympathomimetics - - - +
Disodium cromoglycate

(DSCG, Cromolyn) b+ +F - +
Nedocromil sodium (NDS)  +++ e o 0

Corticosteroids
systemic- oral
- Injection (Lv., L.m.)

1K
H
I

topical

H
|
I

Immunotherapy

—= No effect; += slight or partial effects (without significance); += positive effects (p<0.05);
++= distinctly significant effects (p<0.01); +++= highly significant effects (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, Levocabastine). ** Recent prelimina-
ry data may suggest some protective effects of this drug on the DYNR. () = Thiazinamium
hydrochloride, Oxyphenonium. () = Ipratropium bromide

References: 10,11,11d,11e,11h,111,12,13,13b,14,40c-40f,41b,411,481,72d,1211,121j,122a-122d

*

Budesonide has been abbreviated as BSA in our earlier studies, whereas it
has been designated as BUD in our later studies
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1. DISODIUM CROMOGLYCATE (CROMOLYN)[DSCG] AND
GLUCOCORTICOSTERQIDS [GCS]

However, some differences 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
DSCG to 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 than the LNR, being a
part of the "dual response” (Tables 48,49,50; Figure 32a, 44).12.14.41b [n contrast, the
INR has been prevented highly significantly by DSCG, while it has not been affected by
BDA or BSA/BUD at all (Figures 33a, 45, 46).10:11,11¢,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).13:13b

No other comparative studies of the protective effects of DSCG and topical corticos-
teroids on the immediate and the late nasal response to allergen challenge have been
found by us in the available literature.

Recently, we have studied the possible protective effects of intranasal BSA/BUD in 20
patients developing a LNR to nasal challenge with pigeon or tropical bird dropping
extracts.1210,121j These twenty patients, being regularly exposed to pigeons or tropical
birds, suffering from perennial nasal complaints, demonstrating suspect history, positi-
ve skin tests with the particular pigeon or tropical bird faeces extracts and positive
precipitating antibodies to pigeon or tropical bird droppings in the serum, have develo-
ped 14 cases of an isolated form of LNR and 6 cases of a dual late nasal response, being a
combination of an immediate (INR) and a late response (LNR) as compared with
placebo, Budesonide, after a 3-week administration in a daily dose of 400 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 of the 6 cases (p>0.05) (Figure 28b).

Interestingly, the effects of DSCG and topical corticosteroids (aerosols) on the LNR
are comparable with their effects on the late asthmatic response to allergen challenge
(LAR), as reported both in our previous papers 63:64,67,68,68a-68c,68¢-68g,121e-121h,121k
and by other investigators, 96a,96b,96k,1211,124b,161¢,178m Moreover, the differences in
the effects of DSCG and topical corticosteroids on INR are similar to those observed by
us in the case of the immediate asthmatic response to allergen challenge (IAR),63:6470,
121e,121h

Our findings of significant protective effects of DSCG on the INR are consistent with
the results reported by other authors,28:29.120,121 while the protective effects of DSCG
on the LNR have not yet been sufficiently investigated by other investigators.121a

Besides the effects of intranasal DSCG and BDA or BSA/BUD on the particular clin-
ical types of nasal response to allergen challenge,?10:11,12,13,14,,40641b,4 1, 723,72, 115 e
have also investigated the effects of both the drugs on the appearance of individual cell
types in NS, on the changes in their counts, accompanying the particular types of nasal
response,!1d:11€,13b,20,25,40¢.40d,40f 41b-41d, 411,72a.72d and on the intracellular changes
recorded in individual cell types (Tables 35a,35b,362,36b,37a,37b; Figures 32a-32d,33a-
33d,34a-34d).11a.11b,40£72d

The LNR pretreated with DSCG has been accompanied by distinctly decreased counts
of all cell types in NS, as compared with the non-pretreated LNR, and by non-significant
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The late nasal response

changes in the counts of particular cell types, as compared before and after the allergen
challenge.40:404.40f The LNR pretreated with BDAor BSA/BUD has also been accompa-
nied by distinctly lower counts of all cell types in the NS than those recorded during the
non-pretreated LNR, and no significant changes have even been found by us in the counts
of particular cell types found, 402,40d.40f However, small differences have been observed
in the counts of particular cell types after the treatment with the individual drugs. These
results might indicate possible involvement of different mechanisms or, at least, different
modifications of the basic mechanism in LNR (Tables 35a,35b,36a,36b,37a,37b; Figures
32b,32d,32e).

The intracellular changes (degranulation, vacuolization, diminished intake of stain,
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 some differences.40f The DSCG treatment has reduced significantly the
degranulation and other intracellular changes in ES, BS and MC, and partly also in NE.
The BSA treatment has reduced highly significanty the degranulation and other int-
racellular changes in NE, partly in ES and BS, but not in MC (Tables 35¢,36¢,37c).
These results may suggest again the possible involvernent of different mechanisms or, at
least, different sub-mechanisms in LNR.

Furthermore, the above described effects of DSCG as well as BSA on the LNR and the
LNR-related cellular and intracellular changes differ distinctly from the effects of both
drugs on the INR1%.11:11d:11e,722.72d and on the DYNR (Figures 33b,33d,33e,34b,34d,
3de).13,13b

Table48  Distribution of the protective effects of Disodium eromoglycate (DSCG),
Beclomethasone dipropionate (BDA) and Budesonide (BSA/BUD) on the
Late nasal response to allergen challenge [LNR]

sctive effects on LINR
{ Protective effe

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 (579%) 0 0
BSA (n=14) 5 (36%) 8 (57%) 1 (7%) 0

References: 41b, 411, 72a

Table49  Distribution of the protective effects of Disodium 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 of the protective effects of Disodium cromoglycate (DSCG),
Beclomethasone dipropionate (BDA) and Budesonide (BSA/BUD) on the
Delayed nasal response to allergen challenge [DYNR].

DYNR Protective effects on the DYNR

n=16 p<0001  p<0.0] p <0.05 p>0.05
DSCG (n=16) 0 0 1 (6%) 15 (949%)
BDA (n=8) 4 (50%) 3(38%) 1(12%) 0

BSA (n=8) 5 (63%) 2(25%) 1(12%) 0

References: 41i, 72a

The significant protective effects of topical corticosteroids on the LNR, as reported by
us, are in agreement with other authors' results,94:119 and may be supported by the fin-
dings of some investigators studying changes in the concentrations of some mediators
and/or other factorst2:62,83,94,121¢ and also cellular changes82:83.94 in N§ during the
LNR.

Bisgaard and colleaguess2i, 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 of the eosinophil cationic protein (ECP) in the nasal
lavage fluid during the 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 prior to the nasal allergen challenge.

Bascom and co-workers®2, using the nasal allergen challenge model supplemented by
the nasal lavage, have investigated the influx of particular cell types and histamine con-
centration in the NS during the LNR pretreated with topical corticosteroid, in compa-
rison with LNR pretreated with placebo, in pollen-related rhinitis subjects. A 1-week
pretreatment with intranasal flunisolide, 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 and late
nasal symptoms have also been blocked by this topical corticosteroid treatment.

Other investigators studying predominantly the mediators and other factors in the
nasal lavage fluid, have found that pretreatment with topical glucocorticosteroids (fluni-
solide) significantly reduced both the late nasal symptoms and the levels of histamine,
TAME-esterase activity and kinins in NS, during the allergen-induced LNR.83:121<

The data generated by Bisgaard et al®2i and Bascom et al82 are very similar to our above
described results concerning the cellular traffic in NS during LNR and its pharmacolo-
gic modulation by topical glucocorticosteroids. 11e:12,13,25,40¢, 40d,40f41b-41d,41i, 72,72d

The lack of protective effects of topical corticosteroids on the INR, repeatedly obser-
ved by us and reported in our papers!®:11,11d,11e,722.72d ig in agreement with results
found by Houri et al®2 and Mygind et all1?, while in disagreement with data presented
by Pipkorn et al'21¢, Walden et al®* and Togias et al.8% More recently, Small and Barrett
121d have demonstrated that topical corticosteroids even in high doses (Beclomethasone
dipropionate - 400 mcg daily, Budesonide - 1200 mcg daily) administered for 2 weeks,
did not affect 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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References: 10,11,14
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Fig. 46, Distribution of the protective effects of BDA (BSA) on the INR (n=103).
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The late nasal response

Systemic corticosteroids have been reported to reduce significantly both the concentra-
tion of some mediators in N§48:9495.97b,121c and the influx of various cell types into the
INS,18d,82,94,97b,97¢ during LNR, as well as to prevent the development of the clinical
LNR to allergen challenge.48:484,57,83,94,95,121¢ [n contrast to their excellent effects on
LNR, the oral corticosteroids did not demonstrate any effects on INR or early-phase nasal
response.48d.94,95.97b Pipkorn and colleagues®> have observed a distinct inhibition of
allergen-induced LNR as well as significant reduction of the concentrations of certain
mediators (histamine, TAME-esterase, kinins) and albumin in the nasal lavage fluid after
the pretreatment with systemic glucocorticosteroid (prednisone in a daily dose of 3 x 20
mg, for 2 days). In contrast, these authors have not found any significant effects of the
oral corticosteroid treatment on the the early-phase of the nasal response symptoms or
on the mediators released into the nasal lavage fluid, except for a slight reduction in kinin
concentration.

Walden and co-workers?4 have studied subjects with pollen-related rhinitis, develo-
ping a dual LNR to allergen challenge, consisting of an carly- and a late phase. The
carly-phase was accompanied by an increase in concentration of histamine, TAME-
esterase, kinins and PGD,, in NS and by the influx of "alcian blue-stained positive cells”,
probably basophils, into the nasal lavage fluid, whereas the late phase was accompanied
by an increase in the level of histamine, TAME-esterase, kinins, sulfidopeptide leuko-
trienes and albumin, but not PGD,, in NS, and by an influx of "alcian blue-stained
positive cells”, eosinophils and neutrophils into nasal lavage fluid. The 2-day pretreat-
ment with oral corticosteroid (prednisone in a daily dose of 3 x 20 mg) has prevented
the symptoms of LNR, decreased significantly the concentration of histamine, TAME-
esterase, kinins and albumin in the nasal lavage fluid and reduced significantly the
influx of eosinophils, but not of neutrophils or mononuclear cells. In contrast, the 2-day
oral corticosteroid pretreatment has not been able to reduce either the symptoms of the
allergen-induced early nasal response or the concentrations of mediators accompanying
the cell influx into the nasal lavage fluid. On the other hand, this group of investigators
has reported significant effects of topical corticosteroids in reducing the symptoms as
well as the levels of histamine, TAME-esterase activity and kinins during both the early-
and the late-phase nasal responses. However, the topical corticosteroids did not alter
either the total number of cells or the differential distribution of cells present in pre-
challenge nasal lavage fluid, or even the influx of particular cells during the early-phase
nasal response, whereas the influx of eosinophils, neutrophils and "alcian blue-stained
positive cells” has been significantly reduced for "several hours after the antigen provo-
cation”, meaning during the late-phase nasal response.

Bascom and colleagues?8d have reported similar suppressive effects of oral corticoste-
roids on the influx of eosinophils, but not of neutrophils or mononuclear cells into the
nasal-lavage fluid during the LNR. In another study, Bascom et al97b have recorded a
significant increase in the concentration of major basic protein (MBP) in the nasal
lavage fluid 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
neurotoxin (EDN) during the late phase, and finally a significant increase in the influx
of eosinophils into NS during the late phase. Pretreatment with oral prednisone has

141



The late nasal response

reduced significantly not only the eosinophil influx, but also the concentration of bath
MBP and EDN in the nasal lavage fluid.

Freeland and co-workers97< have found an increase in concentration of leukotriene
B, (LTB,) in the nasal lavage fluid during both the early phase (INR) and the late phase
(LNR) nasal response to 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 any effect 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 pharmacologic effects of antihistamines (H,-receptor antagonists, H,-receptor
antagonists, or a combination of both) on the LNR have not yet been satisfactorily
investigated.29:51,57.122 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 not affect 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 be effective on the INR, since in this
type of nasal response a variety of mediators, other than histamine only, are also suppo-
sed to be involved,11511h,23,25,34.40¢,40d 41b,41i.48,49,512,52-56,72b,82b,82d 82},83 85,91,94,
95,970,970,97¢,97u and the severe nasal obstruction has been shown to be the most promi-
nent clinical symptom accompanying the LNR (Table 3).712,16,19.40641b41c,72b

In the past we have carried out a series of pilot studies comparing the protective effects
of DSCG with 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. Some of these results have al-
ready been published,#1b:728.122a whereas the remaining data have still to be published.
122b,122d Despite a slight subjective relief, neither antihistamines nor anticholinergics
have demonstrated significant protective effects on the LNR, while DSCG has preven-
ted this type of nasal response to a highly significant degree (p < 0.001) (Tables 47,51).41b

Recently, we have studied the effects of Cetirizine (CZ), a member of the third genera-
tion of the non-sedating H, -receptor antagonists, on the immediate (INR) and the late
nasal response (LNR] to allergen challenge, and on the accompanying eosinophil influx
into the nasal secretions (INS).40s122a-122¢ Surprisingly, the 9-day pretreatment with CZ,
in a daily dose of 10 mg, has prevented most of the INR cascs and it has also partially
prevented some of the LNR cases and decreased the eosinophil influx into the NS
during bath types of nasal response. We were not able to find any report concerning the
effects of CZ on the LNR in the available literature (Table 51; Figures 47a,47b, 484,48b).

We have also studied and compared the effects of terfenadine (TN), a member of the
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second generation of the H  -receptor antagonists and cetirizine (CZ) and loratadine
(LD), members of the 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.122a,122¢ Cetirizine, in the therapeutical
oral daily doses, has been able to decrease significantly both the INR and the accompa-
nying nasal secretion eosinophilia, loratadine has demonstrated a slight effect both on
the INR and on the nasal secretion eosinophilia, whereas terfenadine did not affect
either the INR or the nasal secretion eosinophilia.122a,122¢,122¢

On the other hand, neither cetirizine, loratadine, nor terfenadine, administered in
therapeutical oral daily doses (CZ = 1 x 10 mg, LD = 1x 10 mg, TN = 2 x 60 mg), has
been able to prevent significantly 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 found to be totally ineffective
(Table 51; Figures 49a,49b,50a,50b).122¢

Moreover, our recent data suggest that the INR to allergen challenge may also 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.122¢

3. NEDOCROMIL SODIUM [NDS/NS]*

Recently, a new compound, Nedocromil Sodium (NDS = disodium salt of a novel
pyranoquinoline dicarboxylic acid), has been found by some investigators to be a
promising drug for the treatment of LNR123,1233,124, 124a-124b,124f-124,125,125a-125¢
and also by s 41b:411,72a,124c-124¢,124p

This drug has demonstrated a number of unique pharmacologic properties, including
a variety of the anti-allergic and anti-inflammatory effects, 123,124,124a-124k Moreover,
nedocromil sodium has been shown to prevent significantly both the immediate (IAR)
and the late (LAR) asthmatic response to allergen challenge.121g.124a,124b,1241-124n,178e,
178£,178h More recently, our preliminary data suggest that NDS may also be able to
decrease significantly the delayed asthmatic response (DYAR).124p In three preliminary
studies, data of which have not yet been finally published,!24c-124< we have investigated
the possible protective effects of Nedocromil 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 of NDS
in each nostril =4 x 2 mg x 2 = 16 mg).

The NDS has prevented significantly the INR (p < 0.01) and highly significantly the
LNR (p < 0.001) (Figures 51a,52a). Moreaver, NDS has reduced significantly the influx
of eosinophils, neutrophils, mast cells and basophils into the NS, during the INR,
whereas it has almost completely prevented the influx of neutrophils, eosinophils, and
basophils and decreased significantly the count of epithelial and goblet cells in NS
during the LNR (Table 52; Figures 51a-51d,52a-52d).124d,124e

*  Nedocromil Sodium has been abbreviated as NDS in some of our stu-
dies, whereas as NS in other of our studies.

143



Fig. 47a.

THE PROTECTIVE EFFECTS OF ORAL CETIRIZINE (CZ) ON THE IMMEDIATE
NASAL RESPONSE [INR]
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The mean NPG values, recorded after the non-pretreated and the pretrealed allergen challenge, were catculated from 8 patients

Initiad valug (=baseline); PES= Phosphate buffered saling; ALL= Allergen challenge.

¢ = Non-pratreated INR (n=8}
—- o = INR pratreated with Celirizing (n=8)
--- % = PBS control challenge (n=8)

References: 40e,122b
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Fig. 47b.
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THE EFFECTS OF ORAL CETIRIZINE (CZ) ON THE
EOSINOPHILS IN NASAL SECRETIONS (NS) DURING
THE IMMEDIATE NASAL RESPONSE [INR]
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The mean changes in the counl of eosinophils in the nasal secretions (NS), during the
non-pratreated and the pretreated INR, were calculated from B patients.

5 - &= Eosinophils in NS-non-pretreatad INR (n=8)
4 ————-— = Eosinophils in NS-INA pretreated with Cetirizine (n=8)
Koo - % = PBS control challenge (n=8)

References: 40¢,122b
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Fig. 48a.
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Fig. 4Bb. EOSINOPHILS IN NASAL SECRETIONS (NS) DURING THE LATE NASAL

RESPONSE [LNR]
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The mean changes in the count of ecsinophils in tha nasal secretions (NS}, during the nan-pretreated and the pretreated LNR,
wara calculated from 14 patients

o m = Egsinoghils in NS-nan-pretreated LNR (n=14)
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References: 40e,122b

147



Sig.49a. EFFECTS OF ORAL CETIRIZINE (CZ), LORATADINE (LD) AND TERFENADINE
(TN) ON THE LATE NASAL RESPONSE [LNR]
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The mean NPG values recorded after the non-pratreated and the pretreated challenges.
|= Initial values (=baseline); PBS= Phosphate buffered saline; ALL= Allergen challange.

e = Non-pretreated LNR (n=12}

FECRTERe ¥ = PBS contral challenge (n=12)
o———= = LNR pretraatad with Celirizine (n=12)
i o = LNR pretreatad with Loratadine (n=12)
a-----—-—--4 = LNA pretreated with Terfenadine (n=12)

References: 122a-122c
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Fig. 49b.
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EFFECTS OF ORAL CETIRIZINE (CZ), LORATADINE (LD) AND TERFENADINE
(TN) ON THE EOSINOPHILS IN NASAL SECRETIONS (NS) DURING THE LATE
NASAL RESPONSE [LNR]
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The mean changes in the counl of eosinophils in the nasal secretions (NS), during the non-p dandthe p i LNRs
+ 4 = Eosinophils in NS-non-pretreated LNRs {n=12)
M oo * = Eosinophils in NS-PBS control challenges (n=12)
3 = & = Eosinophils in NS-LNAs pretreated with Cetirizing [n=12)
- « Eosinophils in NS-LNRs pretreated with Loratadine {n=12}

b 4= Ecsinophils in NS-LNRs pretreated with Terfenading (n=12)
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THE EFFECTS OF ORAL CETIRIZINE (CZ), LORATADINE (LD) AND
TERFENADINE (TN) ON THE EOSINOPHILS IN NASAL SECRETIONS (NS)
DURING THE IMMEDIATE NASAL RESPONSE [INR].
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The mean changes in the count of eosinophils In the nasal secretions (NS) during the non-pretreatad and the pretreated INRs.

| = Initial values (=baseline]; ALL = Allergen challenge.

+ 4 =Eosinophils in NS-non-pretreated INR (n=24)

£ ———-4 =Eosinophlils in NS-INR pretreated with Cetirizing (n=24)

B ————— @ = Eosinophils in NS-INR pretreated with Loratadine (n=12)
b e -— 4 = Eosinophils in NS-INR pretreated with Terfenading (n=12)
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fig. 51a.
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THE PROTECTIVE EFFECTS OF TOPICALLY ADMINISTERED
NEDOCROMIL SODIUM (NDS) ON THE IMMEDIATE NASAL
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The mean NPG values, recorded after the non-prefreated and pratreated nasal challenges, were always calculated from
18 patients developing 18 positive immeadiate nasal responses (INR).

I = Initial values (=t line); PBS = PI t buffered saline control challenge; ALL = Allergen challenge;

MNDS = Medocromil sodium.

Statistical significance of diffarences: + =p=0.05; «=p<0.05; k2 =p<0.01; s es = p < 0,001
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Fig. 51b. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE IMMEDIATE
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The mean NPG values recorded after the non-pretreated nasal challenges were calculated from 18 patients developing
18 positive immediate nasal respenses (INF). The mean changes in the count of the individual cell types in the NS were

calculated from 18 positive INRs.

| = Initial values (=baseling); PBS = Phosphate buifared saline (=control challenge); ALL = Allergen challengea;

NS = Nasal secretions,

o = Non pretreated INR (n=18)
= Eosinophile
= Basophils
= Mast cells
> = Neutrophils
= Goblat cells
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: = Plasma cellz
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Fig. 51c.
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Fig. 51d. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE IMMEDIATE
NASAL RESPONSE [INR] PRETREATED WITH PLACEBO (PL)
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Fig. 52a. THE PROTECTIVE EFFECTS OF TOPICALLY ADMINISTERED
NEDOCROMIL SODIUM (NDS) ON THE LATE NASAL RESPONSE
TO ALLERGEN CHALLENGE [LNR]
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MNDE = Nedocromil sediur.

Statistical significance of differences: + =p =005 == p< (.05} 2a=p < 0.01; »2»=p< D.O01

o = Mon-pratreated LNR {n=14)
—m = LNA pratreated with NDS (n=14)
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Fig. 52b. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE LATE
NASAL RESPONSE [LNR]
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Fig. 52¢c.
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The mean NPG values recorded afier the allergen challenges pretreated with NDE were caloulated from 14 patients developing
14 positive late nasal responses (LMR). The mean changes in the count of the individual cell types in the NS wera calculated
from 14 positive LNRs.
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Fig. 52d. CYTOLOGIC CHANGES IN NASAL SECRETIONS (NS) DURING THE LATE
NASAL RESPONSE [LNR] PRETREATED WITH PLACEBO (PL)
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4. OTHER DRUGS

The possible 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 and its 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 not yet been sufficiently investigated.11h411,57.72a,72b

5. IMMUNOTHERAPY

Until now no convincing evidence has been provided for any effects of the immuno-
therapy on the 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. 11h411,57,72a

A complete review of the particular drugs used in the treatment of the allergic disor-
der of the upper airways in children as well as in adults is presented in Tables 53-56.418

It can be concluded that the knowledge concerning the pharmacologic medulation of
the LNR is not yet complete.

160
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Table51  Survey of possible 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).

Nasal response to 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: — = no effects (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. Numbers in the brackets = number of
cases.

References: 40e, 41b, 411, 72a, 122a-122

Table52  Protective effects of Nedocromil 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 response to allergen challenge

INR LNR DYNR
Nedocromil sadium (NDS) p<0.05[n=18] p<0.001[n=14] p<0.05[n=11]
Disodium cromoglycate p<0.01 [n=26] p<005 [0=34] p>0.05[n=18]
Placebo p>02 [0=18] p>01 [n=14] p>01 [n=11]

Reference; 72a
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Table53  Daily doses of some anti-allergic and supplementary drugs recommended for Table54  Daily doses of some anti-allergic and supplementary drugs recommended for
adults. adults
Drig Daily dose Drug Daily dose
H1-receptor antagonisis : :
- the "first generation Nedocromil sodium TOP* 4 x daily 2 sprays of 1% each nostril
Promethazine OR 1-3 x 125 mg orlx25mg Glucocorticosteroids
Chlorphenamine OR 1-2 x 12 mg - systemic
Clemastine OR =2 x 1 mg Prednison OR 0.5 - 1 mg/kg daily divided into 2-4 doses
Ketotifen OR 12 x 1 mg Prednisolon OR 0.5 - 0.8 mg/kg daily divided into 2-4 doses
'Cl':u'marll'iiL'm 8% 1‘% A %g mg Dexamethasone OR  0.5-9 mg daily (up to 2 x 16 mg]} divided in 2 doses
riprolidine X mg )
Chlorpheniramine OR 12 x 6 mg - topical
Oxatomide OR 1-2 x 30 mg Beclomethasone
Aratidine OR =2 e dipropionate TOP  2-3x 100 mcg (= 2 x 50 mcg) - each nostril
Mebhydroline OR 2.4 x 50 mg Budesonide TOP  2-3 x 100 mcg (= 2 x 50 mcg) - each nostril
Hydroxyzine OR 2 x 25 ‘mg Flunisolide TOP  2-3x 50 meg (=2 x 25 mcg) - each nostril
Brompheniramine OR g e mg Fluticasone TOP 2 % 50 mcg - each nostril
ggxchll]qrp1henlramlne 8?{ 3"; X :‘g mg Triamcinolone TOP 4 x 25-50 meg - each nostril
Dimethindene . ¥ 1-2 m
the "second generation” § Retones
- et B ! Xylometazoline TOP  2-3x 1-2 drops of 0.1% - each nostril
Astemizole OR 1. 3 10 mg : Z :
. Oxymetazoline TOP  1-3 x 1-3 drops of 0.05%- each nostril
Terfenadine OR -2 x 60 mg : 2 :
e A OR 1% 2 1w Naphazoline FOP  2-3x 1-2 sprays each nostril
Acladir TOP 23 x  1puff(0.14 mg) each nostril Teirahydt’o?ﬂlme TOP  2-3x 1-2 sprays each nostr}l
Activastine OR 3 x 8 mg Phenylephrine TOP 4 x 1-2 sprays each nostril
- the "third generation” Varia
Celirizine OR 1 x 10 mg Acetylsalicyl acid OR 1-3 % 500 mg
Loratadine OR 1o 10, ang Indomethacine OR 1 mg/kg/24 hrs divided into 2-3 doses
L;vocabasline TOF 2 puffs (0.5 mg/ml) each nostril 2 x daily Ibuprofen OR 2-6 x 200 mg
Ebastine OR Lo it iSO
H.-receptor antagonists X Administration: OR=oral; TOP=topical (intranasal); *= commercial formulation is not yet
27 P B
Cimetidine OR 1-3 x 300 mg ;‘gﬁi’i‘ze W
Ranitidine OR 2 x 150 mg R
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 comaoglycate
Nasal drops 2% TOP 4 x 2 drops- each nostril;
(20 mg/ml)
Nasal spray 2% TOP 6 x 2 sprays - each nostril;
(20 mg/ml)
Nasal spray 4% TOP 4-5 x  1-2 sprays - each nostril;
(40 mg/ml)
Powder (1 caps=10mg) TOP 4 x| capsule divided between both the nostrils;
Oral formulation (powder 4 x  100-200mg

in capsules or solution)

Administration: OR=oral; TOP=topical (intranasal); *=commercial formulation is not yet
available.
References: 41g
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Table55  Daily doses of some anti-allergic and supplementary drugs recommended for
children
Drug < 12 years 12-16 years
H ,-recepior antagonists
The “first generation”
Promethazine OR 1-3y =2-4x 1-2 mg 2-4x4mg
3-12y=2-4x2-4 mg
Chlorphenamine OR X 1x12mg
Clemastine OR  1-3y=12x0.25mg 1-2x 1 mg
3-12y=1-2 x 0.5 mg
Ketotifen OR > 3years; 0,025 mg/kg/24 hrs 1-2x 1 mg
Cinnarizine OR  >3years=1x125mg 1-2x 12,5 mg
Triprolidine OR X/NE 1x10mg
Chlorpheniramine OR  1-2x2.5 mgor0.35mg/kg/24 hrs 1x6mg
Oxatomide OR | mgrke/24hrs divided into 2 doses 1-2 x 15-30 mg
Azatidine OR  1-2x05mg 1-2x1 mg
Mebhydroline OR  1-2x50mg 2-3x50 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 XINE X/NE
Dexchlorpheniramine  OR  2-12yrs = 2 x | mg repetabs 2-3x1mg
Dimethindene OR  1-3 y1s=3 x0.5mg; 3-12yrs 5x1mg
=3x0.75mg
The “second generation”
Astemizole OR < 6years = 0.2 mg/kg/24 hrs I x 10 mg
6-12yrs=1x5mg
divided into 2 doses
Terfenadine OR  3-6yrs=2x15mg 1-2x 30 mg
6-12 yrs = 1-2x 30 mg
Azelastine OR X/NE 1x2mg
Azelastine TOP >éyrs 2-3x 1 puft (0.14
2 x 1 puff (0.14 mg) each nostril mg) each nostril
Acrivastine OR X/NE 1-3x 8 mg
The “third generation”
Cetirizine OR NE 1-2x5mg
Loratadine OR <30 kg=1x5mg; >30 kg=1-2x5mg 1-2x5mg
Levocabastine TOP > 3 yrs=1 puff (0.5mg/ml) 2 puffs (0.5 mg/ml)
each nostril 2 x daily each nostril 2 x daily
Ebastine OR X/NE 1 x 5mg (NE)
H2-receptor antagonisis
Cimetidine OR XINE 2-3x100mg or 20mg/
kg/24hrs divided
into 3 doses
Ranitidine OR UK/ y
Anticholinergic agents
Thiazinamium OR  6-12yrs=2 x 100 mg 2-3x 100 mg
Oxyphenonium OR  6-12yrs=1-2x2.5mg 2-3x2.5mg
Ipratropium TOP UK/* UK

Administration: OR=oral; TOP=topical (intranasal); X = not used; UK=unknown; NE = the
dose has not yet been definitively established; * = not yet commercially available.

References: 41g
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Table56  Daily doses of some anti-allergic and supplementary drugs recomended for
children.
Drug < 12 yaers 12-16 years
Disodium cromoglycate
— Nasal drops 2% TOP 4 xdaily 2 drops-each nostril 2 drops - each nostril
(20 mg/ml) 4-5 x daily
— Nasal spray 2% TOP 4 xdaily 2 sprays - each nostril 2 sprays - each nostril
{20 mg/ml) 6 x daily
— Nasal spray 4% TOP 4 xdaily 1 sprays - each nostril 1-2 sprays - each nostril
(40 mg/ml) 4 x daily
— Powder TOP >3 years =1 capsule 1 capsule - divided
[1caps=10mg) divided between both the between both the nostrils
nostrils - 4 x daily 4 x daily
Oral formulation 4 x 50-100 mg 4 x 100-200 mg
Nedrocromil sodivm TOP NE/* NE/*
Glucocorticosteroids
- Systemic
Prednison OR 0.1-0.2 mg/kg/24 hrs 0.5 mg/lkg/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-dyrs=4x1mg5-7yrs= 4 x 3 mgdaily divided
4x 1.6 mg; 8-11 yrs = into 2 doses
4 x 2.5 mg daily divided
into 2 doses
Topical
Beclomethasone TOP 2 x 50 meg each nostril 2 x 50 mcg each nostril
dipropionate 2 x daily 2 x daily
Budesonide TOP 2 x50 meg each nostril 2 x 50 mg each nostril
2 x daily 2 x daily
Flunisolide TOP 6-12 yrs = 1 x 25 meg each 2 x 25 mcg each nostril
nostril 2 x daily 2 x daily
Fluticasone TOP X/NE 1 x 100 mcg cach nostril
1 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 cach nostril
1-3 x daily
Tetrahydrozoline TOP UK/X/NE XINE
Phenylephrine TOP UK/X/NE X/NE
Varia
Acetylsalicyl acid OR >3 yrs 1-3 x 50 mg daily 1-3 x 200 mg daily
Indomethacine OR >3 yrs 1 mg/kg/24 hrs 1 mgfke/24 hrs divided
divided into 2 doses into 2 doses
[buprofen OR J/NE 1-3 x 200 mg

Administration: OR=oral; TOP=topical (intranasal)l X = not used; UK=unknow; NE = the
dose has not yet been definitively 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 LNR differs substantially from INR and DYNR in several ways as well as with
regard to various "in vive” 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,
maximum within 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 most of the patients the symptomatology of the LNR may be characterized by the
appearance of a distinct nasal blockage due to the swelling of the nasal mucosa, while

the other symptoms appear to a slighter degree, in contrast to INR and DYNR (Table
3).7,12,41a-41d

[C] Nasal mucosa appearance
The appearance of the nasal mucosa, evaluated by anterior rhinoscopy, is usually vio-
laceous and dry with very limited amount of secretions in the majority of LNR cases.
Sometimes small mucosal hemorrhages may be seen (Table 6).2:7:12,14,:41b,72h

[D] Association with other diagnestic parameters

The association of LNR with other “in vivo” and “in vitro” diagnostic parameters and
the differences in those accompanying the other types of nasal response, are summari-
Zed ln table 6‘7,12514\-}_1b‘?2b

[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 response types are presented in Table 20.

2. MORPHOLOGIC CHARACTERISTICS

[A] Cytology of the nasal secretions (NS)

The LNR has been accompanied by significant changes in the count of neutrophils
(increase before, decrease during, and increase throughout the resolving of LNR},
cosinophils (increase before, decrease during, increase during a period of hours to days
after disappearance of LNR), epithelial cells (increase, followed by decrease running
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parallel with LNR), goblet cells (similar pattern to that of epithelial cells) .2:11<.11g,12,25,
40b-40fdla-41d, 411,72,724,72¢,96.97 Some authors have abserved increased numbers of
basophils during the LNR.82:82 In contrast, the INR has been associated with different
changes in the count of particular cell types, such as eosinophils (increase followed by
decrease), neutrophils (decrease followed by increase), goblet cells (increase followed by
decrease) and l‘thSCIp]’li]S (L‘lE‘.Cl‘E’dSE}.ZJ 1a-114,18,20,41a41c,41i,71, 72a,72¢,72d,97a Purther-
more, the DYNR has been accompanied by influx and significant changes in the count
of lymphocytes (increase immediately before the onset, decrease during the develop-
ment and increase after resolving of the response), neutrophils (increase, decrease,
increase, running almost parallel with the course of the response), and epithelial cells
(increase after resolving of the response) into the NS (Tables 30-37; Figures 32-34;
Plates 18,19).12a-13¢

[B] Biopsy of the nasal mucosa

Biopsy of the nasal mucosa during LNR. The nasal mucosa showed the following
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 edema in lamina propria with dilated, sometimes
also disrupted, capillaries and erythrocyte excavation.2:96:97 [n contrast, the nasal
mucosa during the INR could be characterized by enlarged intercellular spaces, enlarged
ducti of mucosal glands, increased amount of thin secretions on the epithelial surface;
eosinophils and tissue mast cell accumulation, but no infiltrate forming in the sub-
epithelial layer; dilated, but not disrupted capillaries and a slight perivascular edema in
the lamina propria.2:26.97a The DYNR has usually been accompanied by distinct 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 perivascular infiltrates, formed by small
lymphocytes, neutrophils and plasma cells; numerous disrupted capillaries and excava-
tion of erythrocytes [Tables 40-42; Figures 36-38; Plates 20a, 20b (page 368)].96

3. IMMUNOLOGIC FEATURES

[A] Immunoglabulins in the serum

In some subjects, an increased concentration of the total IgG has been recorded du-
ring the LNR, while the concentration of other antibody classes did not demonstrate
any significant appearance or changes.2:14,250,41a,41b:416411.96 [y confrast, an increase in
the total and/or specific IgE antibodies in the serum may be measured during the INR
in some of the patients,2%11,14:41b416411 Ng increased concentrations of antibodies of
any class have been recorded in the serum during the DYNR (Table 6).41£41i

[B] Immunoglabulins in the nasal secretions (NS)

A very small number of the LNR cases (7%} has been accompanied by an increased
concentration of total IgG antibodies in the NS, while antibodies of other classes, inclu-
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ding the total and allergen-specific IgE, have not been detected,25a:41b,416411 [n contrast,
in some patients 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, 41641
The antibodies of classes other than IgE, have not been recorded in the NS during the
INR.41£41i No antibodies of any class have been detected in the NR during the

DYNR_ 1 30,4 1,411

[C] Mediators and other factors in the nasal secretions (NS)

The LNR may be accompanied by an increase in concentration of histamine, kinins,
TAME-esterases, neutrophil chemotactic factor, major basic protein (MBP) and LTB,
in NS, while bradykinin, lysylbradykinin and PGF2a may also be detected in
INS.34.49,51¢,53,54, 56,82,82¢,62).83,94.97f The [NR may be associated with an increased
concentration of histamine, PGD,, TAME-esterases and kinins, while bradykinin,
lysylbradykinin, high-molecular-weight neutrophil chemotactic factor of anaphylaxis,
PGE,, PGR2a, TXB, and leukotrienes (LTB 4 LTC, LTD, LTE 4} may also be found in
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 DYNR are not yet available. In contrast to other
investigators’ findings, we have recorded histamine in the NS only during 67% of INR,
7% of LNR and in 0% of DYNR cases (Tables 18,19; Figures 19-21) 116115418

4. PHARMACOLOGIC MODULATION

The effects of basic drugs on the particular types of nasal response to 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 the results of the "Balloon method” with those of the
" Active posterior rhinomanometry” (Flow/Pressure diagram = "nasal loop”)®21 as
well as with those of the "Passive anterior rhinomanometry” (PAR) (data are not yet
published).25b

In supplementary studies, we have investigated a possible influence of the "applica-
ton method” on the nasal mucosa and also 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 mechanical irritation 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 for this 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-
drawn for 72 hours and alpha sympathomimetics for 24 hours prior 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. IT) included 24 patients with allergic rhinitis, demonstrating a positi-
ve immediate nasal response to inhalant allergens, but with normal nasal responsive-
ness to histamine (the non-decreased nasal histamine threshold; > 4.0 mg/ml). The
third group (Gr. I1I} consisted of 20 patients with rhinitis complaints due solely to the
non-specific hyperreactivity (the distinctly decreased nasal histamine threshold; < 2.0
mg/ ml), whereas all nasal challenges with allergens performed in these patients remai-
ned negative.

In patients of all 3 groups the following tests have been performed and the nasal
parameters (NPG values) have been recorded by means of the balloon technique up to
60 minutes and then every hour up to 12 hours. (1) The first test represents the recor-
ding of the baseling; (2) During the second test, after the baseline, the dry wad of
cotton wool on 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) During the third test the wad of cotton wool on the 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 were statistically evaluated by means of Wilcoxon matched -paired
signed rank test (A p value < 0.05 was considered to be statistically significant.) The
NPG values and their changes recorded during the individual tests in patients within
the group were compared and statistically evaluated by means of Mann-Whitney-U
test (A p value < 0.05 was considered to be statistically significant.)

The results can be summarized as follows:

(1) -Differences of the NPG baseline values recorded in the patients of all 3 groups,
being within 1.25 cm H,O, have been considered to be statistically not significant (p >
0.05) as compared in individual patients as well as among the groups.

(2) -Group I. No statistically significant differences have been found between the
baseline and the dry wad of cotton wool test (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-decreased nasal histamine
threshold (> 4.0 mg/ml). The NPG values recorded after the challenge with histamine
in concentrations higher than 4.0 mg/ml were significantly positive at 5 and 10 minu-
tes as compared with the baseline values (p < 0.05).

(3) -Group Il. No statistically significant differences of the NPG values were found
between the baseline and PBS test ((p > 0.05). The NPG values recorded after the dry
wad of cotton wool diftered significantly from the baseline NPG values (p < 0.05). The
NPG values 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 of the statistical significance of the differences of NPG values recor-
ded during the individual tests in patients within the particular groups.

Baseline values Baseline Dry wad of PBS test Histamine threshold
mean NPG values in cm H,O

5D +5E test cotton wool dose significance
Group I 0.8+£0.4  0.840.2 p>0.05 p=>0.05 p>005 >40mgml p<005
[no rhinitis|
(n=12)
Group I 1.240.5 12403 p > 0.05 p<0.05 p=>0.05 > 4.0 mg/ml p<0.05
[only allergy]
(n=24)

GroupIl L1305 LI#D3  p>005 p<00l p>005 <20mgml p<0.001
[only N-SH *|
(n=20)

* N-SH = non-specific hyperreactivity
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Table58  Survey of the statistical significance of the differences in the nasal parameters
(= NPG values), recorded during the individual tests between the particular

groups of patients,
Baseline Dry wad of PBStest  Histamine threshold
Group test cotton wool
-1 p>0.05 p <0.05 p>0.05 p>0.05
[- 111 p>0.05 p<0.01 p>0.05 p < 0.01
I -1 p>0.05 p 2005 p>0.05 p <0.01

(4) -Group lII. The NPG values measured after the dry wad of cotton wool
differed statistically significantly from those recorded during the baseline (p < 0.01).
The differences between the NPG values recorded after the PBS test and those during
the baseline were statistically not significant (p > 0.05). The NPG values recorded after
the challenge with histamine in concentration < 2.0 mg/ml differed significantly from
those of the baseline (p < 0.001).

(5) The statistical analysis of the particular tests within the groups is shown in
Table 57, while that between the particular groups of 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 any significant artefacts or mechanical irritation of the nasal mucosa. This
technique of application cannot, therefore, influence the results of the 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]

1. 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. One of the 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
two tests.

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 as a total nasal resistance (Ry; in em H,O/liter/sec), calculated from the simul-
taneously recorded values of the airflow and air-pressure differences by means of the
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formula:

4 Pressure(=AP)

x Coefficient (apparatus)
Flow

N

The immediate nasal responses recorded by the particular techniques in the indivi-
dual patients have firstly been compared with the appropriate Coca’s solution control
values and their positivity has been statistically evaluated by Wilcoxon matched-paired
signed-rank test. The two INRs, recorded by means of both the techniques in the same
subject, have then been compared and statistically analyzed by the variance analysis
(generalized multivariate analysis of variance model = MANOVA). A p<0.05 has been
considered to be statistically significant for both the statistical methods. The immedia-
te nasal response to allergen challenge (TNR) recorded by both the techniques has
been found to be significantly positive (p < 0.01). No statistically significant differen-
ces have been found either between the INR recorded by the BT and the INR recorded
by the APR (p > 0.05) or between both the individual values at each of the 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 hours after the challenge
(these data have not yet been published). Two PBS control challenges have also been
performed in each of the patients and recorded by each of these techniques. In the BT
only the non-intubated nasal cavity has been challenged with allergen, while during
the PAR method both 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 "em H,07, while those
measured by the PAR methods in cm H,O/L/sec. The results were statistically analy-
zed by means of the Wilcoxon matched-paired signed-rank test (p < 0.05 was consi-
dered to be statistically significant). The immediate nasal response to allergen challen-
ge (INR), recorded by the BT”, as compared with the PBS control response, has been
found to be highly significantly positive (p < 0.001). The INR detected by the PAR
method, as compared with the PBS control response, has also been found to be signi-
ficantly positive for both the sides, left and right, (p < 0.05). No statistically significant
differences have been found between the left and the right INR recorded by means of
the PAR method (p > 0.05). The INRs recorded by the BT did not differ 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” was slightly higher than that
detected by PAR method. No significant 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 between the left and right sides of the PAR technique (p > 0.05) (Table 59).25b
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C. EVALUATION OF THE "BASE-LINE” (INITIAL VALUES)

We also have compared the base-line values recorded by the "Balloon technique”
(mean NPG values in cm H,0) in 12 patients with the pollen-related allergic rhinitis
and in 10 non-allergic subjects during a 12-hour period. No statistically significant
differences in the variations of the NPG base-line values have been found either in the
subjects within the particular groups (p>0.03;p>0.05) or between the two subject
groups (p>0.01) (Table 60) (not yet published data).

From these studies we have concluded that all three rhinomanometry methods,
“active posterior”, "passive anterior” and "balloon”, are in principle suitable and
reliable techniques for the nasal provocation tests, with sufficient and acceptable
reproducibility. Similar conclusions have been drawn by other investigators studying
the reproducibility of the nasal parameters recorded by the ”passive anterior”, active
anterior”, and "active posterior” rthinomanometry and "oscillometry”, by means of
comparison of the coefficients of data variation (Table 60).48).57a

Table59  Survey of the statistical significance of the nasal resistance values (INR)
recorded by various rhinomanometry techniques

Comparison of INR recorded by the

articular techniques
INR P .
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/] fsec);PAR = Passive anterior rhinomanometry (R, R; in cm H,0/L/sec); INR =
Immediate nasal response to allergen challenge (=the statistically significant increase in the
nasal resistance parameters within 60 minutes after 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  Sumimary of some studies concerning the reproducibility of thinomanometry
techniques. The parameters were recorded in rhinitis and non-rhinitis
subjects at baseline.

Shelton et al.48i Fergnson and Thomas57a

Coelficient of variation
of NAR values in %

non-rhinitis subjects

Rhinomanometry control rhinitis

technique subjects(n=15) subjects(n=12) Mean NAR  CV SD

Passive anterior 10 12 0.219 27.9 +15.6

Active anterior 11 18 0,252 30.6 +14.1

Active posterior 14 19 0.271 232 +15.2

Oscillation 9 .2} - - -
Baseline -

mean NPG values in em H, O
Control  Rhinitis  Control vs
subjects  subjects  Rhinitis SE SD 28D

(CS$in=10) [ARS;n=12) (n=10/12)

CS  ARS G5, ARS CS ARS
Balloon 0.8 1.2 1.1 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-1;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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VIL. POSSIBLE MECHANISM(S) UNDERLYING THE "LNR”

There is no doubt of the existence of LNR, as it has been repeatedly demonstrated and
confirmed by several investigators 2.7116.11£12,14,14a-146,15-17,19,24, 25,26,274,27b,28,29,32-
34,35¢,400,40c-40f,41,41a-41d,41£411,42,43,48,48d 48,51, 51a-51¢,53-56,572,72,72a-72¢,82,82¢,83,94,
952,96,97,97b,97¢,971,121b

The views on the pathogenetic and immunologic mechanism(s) presumably under-
lying the clinical LNR, however, vary.27:12,14,14a-14¢,15-17,25,25a,26, 28, 29,32-34,35¢,40a,
40c-40g.41a-41d,41£,411,42,43,45,48, 48d,48¢,51,51a-51¢,53,54, 56,72,72a-72¢,82,82¢,83,94,95,96,97,
97b,97¢,97u,121b

There is a variety of controversial information, results, and hypotheses in the literatu-
re, trying to explain the clinical phenomenon "late-phase allergic reactions”. Therefore
we have decided to summarize the known facts and hypotheses concerning the possible
mechanisms that may be involved in the late type of allergic 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) of all 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 LNR are 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 and the late type of hypersensitivity
(Type 111 allergy, Arthus reaction, immune complex state). The late type of hypersensi-
tivity is a well-defined immunologic mechanism, characterized by involvement of IgG
and possibly also IgM antibodies, forming the immune complexes and resulting in the
complex inflammatory reactions leading to the tissue damage.126-128, 128,128b

The LNR should be regarded as a clinical phenomenon, defined by the appearance of
nasal symptoms and complaints, predominantly obstruction, accompanied by other
symptoms and changes, within 4 to 12 hrs after the allergen challenge or exposure
(antigen-antibody interaction), which may be induced by complex mechanisms.2712,
34,42-44,82,90,94,124, 129,150,130a,131,1312-131F Although the pathogenetic and immunolo-
gic mechanisms leading to the LNR can be different, the late type of hypersensitivity
should be regarded as one of the possible mechanisms involved in the clinical LNR, but
is far from being the only one [Figures 53a, 53b (pages 377,177), Table 61].7-41b,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 major role, react with circulating antigens in the blood stream or in the vascular
wall, and in this way form the immune-complexes.126-128,128a, 128b,129-131,132,132a The
immune-complexes then activate the complement system cascade,!26 especially C3a,
C5a, C5b, C6, C7,132a with subsequent activation of the blood-clotting mechanisms,
liberation of kinin, 129 release of lysosomal enzymes, vascular permeability factors and
other factors26-128 from the polymorphonuclear neutrophil leucocytes,126.127.128a,
128b,129,131b,151¢, 133-136,136a-136d gnd release of vasoactive amines, lysosomal enzymes
and other factors from the platelets, 126.128,129,136,137-139,139a-139d gnd activation of the
eosinophils.140-146

Besides various chemotactic and other factors, some cytokines may also participate in
the activation and stimulation of neutrophils, as it has recently been shown.131f
The IL-1 may enhance the blood neutrophil count and local neutrophil infiltration in
the tissue; TNF (o + B) may contribute to the local neutrophil infiltration in the tissue,
but they also can act as the chemoattractans for the neutrophils, and finally [L-8 may
also contribute to the neutrophil chemoattraction.1315146a,146b

Data concerning the possible participation of cytokines in the immunoregulation and
activation of platelets are not yet available in the literature.139a-139d

These factors as well as platelets and neutrophils themselves, may then be involved
directly or indirectly in the tissue damage, which is a complex of various inflammatory
reactions typical for the Type 11 hypersensitivity,!26-128,128a,128b, 129,13 1e,1315132,134-
136,136b,136¢,138,139,146a

The involvement of neutrophils, platelets and other inflammatory cells in the tissue
damage necessitates firstly their activation, secondly their attraction to the appropriate
tissue, and thirdly their adhesion to and interaction with the endothelial cells.!28b The
chemotaxis of neutrophils into the airways requires the expression of the cell surface
proteins that recognize and adhere to the natural ligands on the vascular endothelium,
One of such adhesion protein, expressed on the cellular membrane of neutrophils is the
MAC-1 (membrane attack complex =CD11b/CD18 complex).136¢

Increasing evidence also indicates that endothelial cells in the blood vessels may play
an active role in the development of the immunologically mediated inflammation and
tissue damage due to the immune complexes.146d

The participation of the neutrophils in the inflammatory processes, among others in
the late hypersensitivity mechanisms, also through some other additional systems,
processes and pathways cannot be excluded.!#6¢ The kinin system, including its compo-
nents, such as Hageman factor, dotting factor X1, 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 of generating kinin and cathepsin D, leading to the liberation of the pharma-
cologically active peptides of 21-25 amino acids, called leukokinins. 146f, 146g,146h

The IgG and possibly also IgM are presumed to play a major role in the formation of
the immune-complexes after their interaction with an antigen,126-128,128b,132,147
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Table 61 Survey of the compounds, being products of the particular cell types,
involved in the intercellular traffic, signal transduction and in the cell-to-
cell communication, in both directions, both up- and down-regulation,
processes which may lead to the appearance of the clinical “LNR”

- Mediators, such as - 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 (major basic protein) Adenylate cyclase

- Neumpeptides -ECP( eosinophil cationic protein]  Tryptase

- Histamine releasing factors - EDN (eosinophil-derived Chymase

- Complement parts 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

Capiliary network mucosal glands
in the mucosal |
membrane

nasal T sneezing
abstruction 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 can also directly activate the easinophils through their membrane IgG recep-
tors,140-142,146,147-149 gnd stimulate the macrophages,15%:15! neutrophils!41.146,148e,
147,149-152 and platelets, 147, 151,153,153a,154,155 With regard to these facts, the IgG and
possibly also IsM antibodies might be suspected of participating in the late hypersensi-
tivity mechanism.!28b

3. IMMUNE COMPLEXES [IC]

In the classical model of the immune complex-mediated inflammation, the antigen-
antibody complexes, cross-linked in a lattice fashion, are formed in the circulation and
are secondarily deposited in the tissue. The complexes, formed at the equivalence of
antigen and antibody, or at a moderate antigen excess, are of the most effective size for
the activation of the complement, and they also have the most prolonged residence in
the circulation, Complexes formed at the antigen or antibody excess are small, because
the saturation of all antibody - or antigen-binding sites respectively, prevents the mul-
tiple cross-linking required for the lattice formation, 128a,128b,147,156

The soluble antigen-antibody complexes formed in the circulation are deposited in
various tissues. If the immune complexes are of a large size, they become trapped, parti-
cularly on the basement membrane and in the blood vessels, where they are deposited
on the internal elastic lamina.156a In addition to their size, the localization of the immu-
ne complexes in the particular tissue may also depend on some secondary factors, such
as blood stream speed, blood flow turbulence, the ionic charge of the particular immu-
ne complex and other factors, 128b:156a

In contrast, some other investigators have presumed that the antibody excess may
lead to a formation of larger immune complexes with extensive lattice formation, which
would rapidly be cleared from the circulation, rather than their deposition in the vascu-
lar wall.12¢

Immune complexes have been classified as follows: (a) class I: small, soluble, < 106
daltons; (b) class IT: medium, less soluble, around 106 daltons; (c) class ITI: large, poorly
soluble, > 106 daltons.126.128b

The ability of immune complexes to activate the various mediator pathways may play
a vital role in their damage-producing effects and in their metabolism. The ability of the
immune complexes to activate complement is a very important condition for their
capacity to induce the inflammatory effects.128b,156,156b-156d [t has also been shown
that such interactions may increase the solubilization of the relatively insoluble immune
complexes by affecting their precipitating capacity and presumably also their rate and
site of the clearance,!552,156e-156h The deposition of the immune complexes is clearly
related to the local accumulation of neutrophils and platelets in the wall of small blood
vessels and in the surrounding tissue.128b,148,156,156¢,156i The accumulated neutrophils
undergo leukocytoclasis, the wall of the blood vessels become swollen, and the endothe-
lial cells appear to be damaged.128b The endothelial cells are then able to synthesize
some pro-inflammatory cytokines, such as [L-1, IL-6 and IL-8,128b as well as some
proteolytic enzymes,!28b vasoactive compounds including prostacyclin, "endothelial
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derived relaxing factor” (EDRF) and some lipid-based mediators, such as platelet
activating factors (PAF),15%j 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 damage results in the increased permeability at the sites of
the inflammation.156i

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 the cell-
matrix interactions, playing an important role in the inflammation processes,128b156
The endothelial cells can express various cell adhesion molecules from the most fami-
lies, such as integrins, selectins, adherins, immunoglobuline supergene family and
cartilage-link proteins.128b.156i Some of these cell adhesion molecules on the endothelial
cells are able to mediate the attachment of the leukocytes, among others neutrophils,
and platelets to the endothelium, by binding with the corresponding cell adhesion
molecules present on the surface of the leukocytes.! 280,156,156k 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.156) The ICAM-1 expression can be increased by IT-1, TNFo., TENy and LPS
(= lipopolysaccharides), triggering the production of some cytokines, e.g. IL-1, IL-6, IL-
8, TNFa, TFN;128b.1561 this in turn leads to the enhanced leukocyte binding and
subsequent migration into the tissue, 128b,156d,156]

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-17 (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 IL-1 and TNFo, (ELAM-1, VCAM-1)
or histamine (GMP-140).146d,156},156m The ELAM-1 and GMP-140 preferentially bind
the neutrophils, whereas VCAM-1 may have more affinity 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.156] Recently, a new endothelial cell surface
adhesion molecule has been reported, the "vascular adhesion protein-1 (VAP-1)”.156p
Platelets also express various membrane glycoproteins, being involved in their adhesion,
such as "integrin superfamily of adhesion receptors (o + 3}, a subgroup of them 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).139%¢

The ability of immune complexes to activate the complement system represents one
of the pivotal conditions for their capacity to induce the inflammatory eftects.128b.156,
156b-156¢,1567 The activated complement then plays an important feed-back role in the
clearance of the immune complexes.1280:156 The complement activation can be initia-
ted either through the classical (CCP) or the alternative pathway (ACP), depending on
the immunoglobulin class. 1284,128b,146h The ToG, TgG subclasses 1,2 and 3, and IgM-
containing immune complexes may activate the complement via the classical pathway,
whereas [gA-containing immune complexes may activate the complement probably via
the alternative pathway. The IgD and IgFE do not activate the complement sufficiently
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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,!28b

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 The principal 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 components and the contral proteins.156s

Two major pathways of complement activation operate in plasma, a classic and an
alternative pathway.1282,128b,156,156¢,156r The classical complement pathway is usually
initiated by antigen-antibody complexes, whereas the more recently discovered alterna-
tive complement pathway does not necessarily need the presence of an antibody for its
activation.156.156b-156d Both pathways operate through the interaction of specific
proteins, called components. Both the pathways proceed by means of sequential activa-
tion and assembly of a series of proteins, leading to the formation of a complex enzyme
capable of binding and cleaving a key protein, C3, which is common to both path-
ways.128a,128b,156r Thereafter, both pathways proceed together through the binding of
the terminal components to form a membrane attack complex (MAC), which ultimate-
ly causes the cell lysis,128a, 128b,146h The proteins of each pathway interact in a precise
sequence, called cascades.156:156b At several points in the activation sequence an inacti-
ve precursor molecule or zymogen is activated, with the zymogen acquiring the proteo-
Iytic activity specific for its substrate. This subsirate is in turn activated ready to carry
out its role in the cascade. One of the most important consequences of such a cascade
system is that the stepwise amplification can occur at each activation step, since the
newly generated proteolytic enzyme is able to activate a number of substrate molecu-
les.156s When a protein is missing, e.g. in the case of some deficiences, the sequence is
interrupted at that point.146h The early steps in the activation process are associated
with the assembly of complement cleavage fragments to form enzymes that bind the
next proteins in the sequence to continue the reaction cascade (these enzymes are
designated with a bar above the symbol of the component to indicate the active enzy-
matic activity),1282,128b,156,156b,156r

The classical complement pathway includes the following components: Cligrs), C,
and C,, whereas the alternative pathway includes components, such as properdin, factor
B, factor D. The component C3 as well as the terminal components C5-C9 are common
to both pathways,1284,128b,146h,156,156b-156¢,156r Recently, other proteins have also been
identified as participating in the classical pathway, such as C, -in and C4bp.!5¢ The
complement system is under the control of the so-called "control proteins” present
either in the plasma or on the cell membranes, such as C, -inhibitor, C,-binding pro-
tein, factor H, factor I, § protein, anaphylatoxin inactivator and SP 40,40, which execute
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the whole regulatory role of the complement system, including the particular stimulatory
as well as inhibitory activities [Figures 54, 55 (pages 181, 378)].1282,128b,156,156b-156¢; 1561

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 [gM or adjacent IgG (doublet) mole-
cules interact with C1 and initiate the classical complement reaction sequence.132a

In humans, the antibodies of the appropriate classes and sub-classes (IgM, IgG, IgG
IgG,, IgG,) bind to an antigen to form the immune complexes, which are then able to
bind and to activate the first component of the complement, C1.156» 156b-156g,156i,156p,
156t-156y Only one molecule of IgM antibody is needed for the activation of C1, but the
IgM molecule must engage the antigen by more than one of its Fab arms. In contrast,
two IgG molecules must be in close proximity in order for the C1 binding and activa-
tion to occur. The requirement for an IgG doublet reduces the efficiency of the immune
complexes composed of IgG, as compared to Igh, as activators of the classical path-
W:IY.]‘?"_‘!"‘

In its native state, Cl is composed of three biochemically distinct sub-units (glycopro-
teins) Clg, Clr and Cls, which form the intact trimolecular complex with calcium as
the ligand.126:132a,156.156¢,156s Twao interacting subunits have been recognized within
the C1 component, Clq and Clr,s,.156s Clq is the recognition subunit and binds to the
CH,, domain of the Fc regions of the IgG and IgM molecules, being altered by interac-
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 by IgG,
ang_IgGE’ whereas 1gG A molecules are not bound. 176t A single activated C1 molecule
(C1) cleaves hundreds of C4 and C2 molecules, forming the C4b,2a enzyme.132a In
turn, C4b2a cleaves thousands of C3 molecules into a free 8400-dalton C3a fragment
and a 171,000-dalton C3b fragment, which when bound yield antigen-antibody-C3
complexes. A third enzyme, C4,2,3b, activates native C5 by limited cleavage (C5 —
C5a+C5b)132a, 1561 The C3 is essential for the generation of complement-dependent
inflammatory mediators,156:156¢ [n addition to monocytes, neutrophils and B-lympho-
cytes have C3b receptors, designated CRI, that interact with the antigen-antibody-C3b
complexes. This attachment phenomenon is called "immune adherence” 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 antibody results in the activation of Clr.!56,156i,156y The
activated Clr (Clr) possesses serine protease activity and is capable of converting Cls to
its enzymatically active form, Cls, 132a,156

The activated Cls then activates the C4 component.!57 Native C4 is composed of 3
chains, o, B, ¥ linked by disulfide bridges.1572 The activation of C4 by C1 is accomplis-
hed by the cleavage of a small peptide (C4a] from the alpha chain of the molecule.157
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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 means of either amidation of the amino
groups of proteins by the acyl group of the thiolester, or esterification of the hydroxyl
groups of the polysaccharides.!32a

The activation of C4 by C1 is an amplification step in the complement cascade, since
one enzymatically active C1 can cleave multiple C4 molecules.'322 The C1 then actlivates
the C2. The cleavage of the C2 produces a small peptide, C2b, which is released into the
fluid phase. The larger fragment C2a, remains complexed with the C4b to form a bi-
molecular enzyme C4h2a also called C3-convertase of the classical pathway,157 which is
capable of cleaving the C3, resulting in the production of C3a and C3b, and thereby
initiating the assembly of the terminal components C5-C9, into the membrane attack
complex.132a,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 enzyme causing its
spontaneous decay with release of the C2a and loss of enzymatic activity, 132 (b) the C1
esterase inhibitor, binding covalently to Clr and Cls, dissects the C1 macromolecular
complex, (¢ the C4-binding protein (C4BP), by binding to Cda, increases the rate of
dissociation of C2a from the C4b2a enzyme and increases the susceptibility of the C4b
to proteolysis caused by C3b/C4b, also called factor [, and (d) the decay accelerating
factor (DAF), an integral membrane protein, which also contributes to the release of
(C2a from the C4b,2a complex.157,157y

(2} Activation of the C3, also including the C3 conversion

The activation of C3 leads to the rise of cleavage products C3a, having anaphylatoxic
activity, and C3b, expressing opsonic activity. Moreover, C3b participates both through
the classical and through the alternative pathways in the activation of the C5, and pro-
bably also of the other terminal components (Figure 55),1322

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 the classical pathway (=C4b2a), the C2a represents the active site, while
in the C3 convertase taking part in the alternative pathway (=C3b, Bb), the Bb is the
active component (Figure 55).132a

The activation of C3 forms an important amplification step in the complement cas-
cade, since each C3-cleaving enzyme can cleave hundreds of C3 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, where it can act as an anaphylatoxin, but also to the
creation of nascent C3b. The internal triolester 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 immunoglobulins or cell surface
by means of transamidation or transesterification.!57¢ The C3b bound to the cell surface
can act, at this moment, as an opsonin and/or it can combine either 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.132a

183



The late nasal response

The C3 bound to the cell surface may then be degraded by factor I and/or various
proteases. This C3b degradation gives rise to the appearance of a number of different
cleavage products, such as: iC3b, C3c, C3d, C3g, C3e, C3dk etc.1322

(3) Activation of the terminal components

The cleavage of the C5 into two fragments, C5a and C5b, represents the first step of
the activation of the terminal complement components.!32a The C5-cleaving enzyme of
the classical pathway consists of C4b;2a,3b, whereas that of the alternative pathway is
composed of C3b, Bb,3b.157.157d The two C3b molecules in the alternative pathway C5-
cleaving enzyme accomplish various functions within the trimolecular complex, such as
binding of the Bb sub-fragment to the cell surface in the proper configuration for ex-
pression of its enzymatic activity, or binding of the native C5 in the suitable location for
cleavage by Bb sub-fragment.157d

Analogically to the C3, the activation of C5 by C5-convertase leads to cleavage of the
alpha chain in the same location followed by a rise of the small peptide, C5a, and the
large peptide, C5b.132a The C5a after release into the fluid phase, can play a role as an
anaphylatoxin and chemotactic factor.1324 On the other hand, the C5b interacting with
the C6 component, becomes stabilized by the C6, and initiates the formation of the final
target of the whole cascade, the membrane attack complex (MAC), a multimolecular
complex consisting of C5b, C6, C7, CB and C9, which accomplishes the cytolytic and
destructive activity.157e157f The particular complement components perform specific
funtions within the MAC.157:15761575 The Cé stabilizes the C5b,157h 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 of small transit gates in the cellular membrane for the passage of the small
molecules. The interaction C5b and C8 is capable of initiating the polymerization of
(C9,157f a process leading to enlargement of the small membrane gates and to a forma-
tion of the large transmembrane channels through which the lipid molecules and other
constituents of the target cell are displaced, a process resulting in final lysis of the target
cell.157e,1575,1572,157i

The formation of the MAC is regulated by two proteins, the C8-binding protein, also
called "homologous restriction factor”!32a and the more recently described CD59 or
HREF 20 factor.1322,157,157k

The CD-binding protein, a widely distributed protein on the cell membrane of the
peripheral blood cells, has significant sequence homology with both C8 and C9, interf-
eres with the interaction of C8 and C9 on the normal cell membranes, and in this way it
impedes the formation and insertion of the MAC. The CD59 of HRF 20 protein has no
homology with either C8 or C9, but may inhibit the unfolding of the C9 required for its
polymerization and membrane insertion.157/-157m

[B] THE ALTERNATIVE COMPLEMENT PATHWAY [ACP]
(1) Initial steps of "ACP”

This pathway can be initiated by antigen-antibody complexes. However, under cer-
tain conditions, it also can be initiated in absence of the antibody.157b,1570,157p The
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appropriate agent, either antigen-antibody complex or antigen alone, activates the C3
component. Even in the absence of the 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 preducts. This "low-
level” or "tick-over” C3 conversion makes it possible for the alternative complement
pathway to operate without the activation of earlier components of the classical path-
way.156s The native C3, like the C4, contains an internal thiolester that spontaneously
hydrolyzes.157,1575157s The hydrolyzed C3, also called C3(H,0), 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 mediate its 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)BD, called the "priming” C3-convertase.132a This enzyme
produces a continuous low rate cleavage of C3, and in this way also the continuous
generation of nascent C3b. Analogically to the C4 component in the classical pathway,
the cleavage of the native C3 component in the alternative pathway exposes the intra-
chain reactive thiolester, followed by transacylation with the particular acceptor groups
on the surface of the appropriate cells.

The covalent binding of the nascent C3b to a cell surface leads to a formation of the
reversible complexes with factor B, and is then cleaved by factor D, a process resulting
in the generation of a 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 of the alternative path-
way C3-cleaving enzyme, but it is also a part of the enzyme itself. Therefore the activa-
tion of C3 within the alternative pathway can also act as a positive feedback amplifica-
tion loop.132a,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,132a

(2) Activation of the C3

The alternative pathway is regulated and controlled by a variety of factors, such as: (a)
the properdin (-system) which stabilizes the binding of Bb to the C3b and decreases the
intrinsic decay of the rather labile C3b, Bb enzyme;157.157t (b) factor H offers an alterna-
tive element to factor B for binding to C3b in the assembly of the C3b, Bb enzyme and
additionally it is capable of displacing the Bb factor from the already formed enzyme
complex.!57:157u,157v Moreover, factor H is also capable of increasing and/or accelera-
ting the inactivation of the C3b caused by factor 151324 (c) factor I inhibits the C3 clea-
ving enzyme of the alternative pathway by means of inactivating the cell bound C3b
through a proteolytic cleavage resulting in the generation of iC3b.157

However, the binding of factor H to a particle, and thus its inhibitory effects on the
alternative pathway C3-cleaving enzyme (C3b,Bb), is favored by the presence of sialic
acid residues on the particles. The particles rich in sialic acid are therefore poor activa-
tors of the alternative pathway, 157x.157y
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(3) Activation of the terminal components
These steps of the ACP are similar and common to those of the CCP.

[C] CONTROL OF THE MEMBRANE ATTACK COMPLEX [MAC]

The formation of the MAC is regulated both in the fluid phase and on the cells.156u,
157,157£157g,1571 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 of the
MAC. By means of its attachment to the MAC, the S-protein blocks the ability of the
C5b-7 to attach to a cellular membrane of the target cell.156r.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.!58 The CD59 glycolipid-anchored protein, also called "mem-
brane inhibitor of reactive lysis” or "protectin”, having binding sites for both the C8 and
the C9, is capable of inhibiting the MAC assembly after the stage of the C7 binding,156x:

157k, 157m,158a

[D] RECEPTQRS FOR COMPLEMENT COMPQONENTS ON
THE CELL SURFACE (MEMBRANE)

The nine distinct types of receptors for the complement components or their cleavage
products existing on the membrane of various cells 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 and often labile products of the complement cleavage process, such as C3a
and C5a; and (b) receptors that bind the larger cleavage products, such as C3b, being
stably bound to the immune complexes or various particles, 132a,157,158b,158¢

The complement receptors can also be divided according to their ligands into: (a) The
fluid phase activation peptides of C3, C4 and C5 components, such as anaphylatoxins
(3a, Cda and C5a, which bind to either C3a/Cda or C5a receptors. These receptors
initiate the important events 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 major function 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 of the solubili-
zed immune complexes and opsonized microbial agents.!58¢ The complement part re-
ceptors have been demonstrated on the membrane of various cell types in both animals
and humans,132a,146h,156r,157,157b,157e-157h,1571,1571,1575,157u,157v,1 58,1584, 158d-1581
However, the finding of the complement receptors also on the membrane surface of T-
lymphocytes and antigen-presenting cells, provides evidence for some role of these
receptors in the lymphocyte activation and antigen presentation, and in enhancing the
primary response to certain T-cell-dependent antigens, 157¢158¢,158m-158p Regarding
this evidence, neither the role of complement and/or its 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 shown to stimulate the B-lympho-
cytes in a similar manner to the B cell growth factors.158¢

(1) Clq receptors

The C1 component binds to the aggregated immunoglobulin, a process which leads
to the activation of the C1 protease activity. The activated Clr and C1s sub-units are
inactivated and dissociated by Cl-inhibitor, whereas the Clq remains untouched at the
site of the C1 binding. The Clq receptor can augment the binding of the immune com-
plexes to the cells bearing both Clq and Fc receptors. The Clq receptor binds the
immune complex-associated C1q preferentially.158¢ Various cell types express specific
receptors for Clq, mostly through the collagen-like parts of the molecule.157¢,158¢158m-
158u The Clq binding to its receptors on the surface of the polymorphonuclear leukocy-
tes (eosinophils, neutrophils)157m, 158¢,158m,158s-158u and mononuclear phagocytes
(monocytes, macrophages)1576158¢158m-158u enhances their capacity to phagocytize
the targets having been previously opsonized with IgG and C3 fragments, increases the
respiratory burst and supports the intracellular and extracellular killing capacity. 132
156,156¢,157g158¢

The Clq receptors have also been found on the surface of the endothelial cells, plate-
lets, vascular smooth muscle cells and fibroblasts.132a:157¢

Since the Clq has chemotactic activity for fibroblasts, it may contribute to the platelet
as well as fibroblast adhesion at the sites of the inflammatory processes and tissue
damage. 1324

The Clq also binds to the B lymphocytes. This binding may be effective only under
simultaneous stimulation of the B cells by either polyclonal activators or soluble pro-
ducts of T-lymphocytes, both being able to cross-link the products of B cell and Clq
receptors, resulting in the enhancement of the IgM and/or IgG production, 156.156b,156l,
157,158¢

The Clq has also been shown: (a) to inhibit the collagen-induced platelet aggregation
and serotonin release;'58¥ (b) to enhance the FcR-mediated uptake of soluble [gG-
bearing immune complexes by lymphocytes; 158w (c) to potentiate the FcR-dependent
killing of IgG-coated target cells;!56:156¢ (d) to inhibit lymphoblastoid cell expression of
interleukin-1 (TL-1)146b.1582 and (e) to act synergistically with the FcR on neutrophils,
eosinophils, menocytes and macrophages in enhancing the production of superoxide,
phagocytosis and cytotoxicity of the non-phagocytizable particles or organisms.!58t158x,
158y Clq receptor seems therefore to have a certain function in promoting the enhanced
recognition of the 1gG-bearing particles via FcR.158¢158t-158y

(2) Anaphylatoxin receptors (C3a, C4a, C5a)

The receptors for C3a have been found on the surface of mast cells, basophils, eosi-
nophils, neutrophils, platelets and smooth muscle cells.158¢.158d.158¢,158k, 159,159a-159¢
These receptors bind the C3a with a high affinity.!58¢

The cellular receptors for C5a have been demonstrated on the membrane of mast
cells, basophils, neutrophils, eosinophils, mononuclear phagocytes (monocytes, macro-
phages), endothelial cells and smooth muscle cells.158g,158h
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The Cha receptors bind the C5a with a very high affinity and even extremely low Cha
concentrations can elicit a distinct clinical reaction.158¢

A variety of other complement components, proteins or their fragments, such as
factor M and cleavage products of factor B (fragments C2b and C3b), have been repor-
ted to have the same effects on various cell types, presumably through the membrane
receptors, These effects include increased vascular permeability, increase in the leucocy-
te count in the blood circulation, degranulation of the phagocytic cells and the up —as

well as down — regulation of the production of immunoglobulins by B-lymphocytes/
plasma cells.132a,156,156c,156r,1561157m,158¢,158d,158i, 158k,1561.158m

(3) Receptors for C3 and C4 compenents and fragments

The 4 membrane receptors for the C3 fragments, CR1, CR2, CR3 and CR4 with mul-
tiple and overlapping ligand specificity have been demonstrated on the membranes of
various human cell types.156r,158¢,158h These receptors may play a role not only in the
phagocytosis processes, but also in the deposition of the circulating immune complexes,
immuno-regulation and activation of the particular types of cells.156w158¢ The CR1
should be considered a primary mechanism reducing the pathogenesis of circulating
immune complexes present in both infections and auto-immune processes. 157,158b

The CRI receptor, also called "C3b receptor”, CD35 molecule, or "immune adheren-
ce receptor” has been found on the membrane of mast cells, basophils, eosinophils,
neutrophils, monocytes, macrophages, glamerular podocytes, B-lymphocytes, some T-
lymphocytes (CD4+) and erythrocytes, 1324,1561,158b, 158¢,158h,159d-159i Besides the C3b
fragment, the CR1 receptor probably also binds some degradation products of C4, such
as C4b.156r The CRI receptor present on the membrane of the phagocytic cells in low
numbers can be, however, upregulated by factors such as INF-y, C5a, INF, or even some
hacterial products. 132a,156r,158¢

The CR2 receptar, also called "C3d or C3dg receptor” or CD21 molecule, has been
demonstrated on the membrane surface of B-lymphocytes, immature epithelial cells,
lymphnode follicular dendritic cells and in a few thymocytes, pharyngeal epithelial cells
and some sub-types of T-lymphocytes, 1322.1565,158¢, 1595159 The CR2 receptor binds
the degradation products of C3, such as C3d and C3dg,156r.158¢,158¢ This receptor is
used by some virus types to promote virus penetration into the particular cell types, 6%
158¢

The CR3 receptor, also called "iC3b receptor” or CD11b/18 molecule, and the CR4
receptor also designated CD 11¢/18 or p150,95 molecule, belong to the "integrins
family” of glycoproteins expressing adhesive functions.156r.159¢ The CR3 receptor has
been found on the surface of neutrophils, monocytes, macrophages, eosinophils, some
cytotoxic T-cells, follicular dendritic cells and TGL cells (CD3-, TCR-, Ig-, CD16,
CD25+, CD56+, CD57+), called large granular lymphocytes with natural killer
function, 132a,156k,1586,159k,1591,159m,159w This receptor binds not only some C3 degra-
dation products, such as iC3b, but also other factors and proteins including lipopoly-
saccharides, B-glucans, fibrinogen and factor X.132a.156r.158¢,159m

The CR4 receptor is prominent on the cellular membrane of macrophages, but it has
also been demonstrated on the surface of monocytes, neutrophils, large granular lymp-
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hocytes and follicular dendritic cells, 156k158¢,159L159p This receptor binds the iC3b
fragment, lipopolysaccharides and some other cellular adhesion ligands.132a.156k 156,
15t 159w The CR3 and CR4 receptors participate in promoting the uptake of some
microorganisms by the phagocytic cells.158¢

[E] ACTIVITIES EXECUTED BY THE ACTIVATED
COMPLEMENT SYSTEM AND/OR ITS 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. 157,158¢,158d.158¢,1581

The production of anaphylatoxins follows not only from the complement system
activation, but also from the activation of other enzyme systems capable 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 producing bacterial proteases.158k The inflammation in the tissues stimulates
the local production of the anaphylatoxins, which, by increasing local blood flow and
vascular permeability and by their chemotactic effects, recruit various cell types and
proteins to the site of the inflammation. 157

Bath anaphylatoxins are degraded by carboxypeptidase N in plasma, to the C3a ., org
and C5a ., Arg Products respectively.!57 The C5a is more potent than C3a and also
than its derivate C5a e g 19718¢198¢ However, the C5age, Arg is supposed to be the
major complement-derived inflammatory peptide "in vivo”.158¢-158¢ The anaphylato-
xins have various biologic effects leading to the triggering of a variety of processes that
may participate in the generating of the hypersensitivity and inflammatory mechanisms.
156, 158e, 1581, 158k, 1590 The C3a and C5a may induce the contraction of smooth muscles,
increase the vascular permeability and by means of ligation to their receptors on the
cellular membrane of mast cells and basophils they may induce the degranulation of
these cell types, followed by the release of histamine and probably also other mediators.
157,158+ 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 complement activation. The receptors of neutrophils and monocytes act as a
sink for C5a, which is internalized and inactivated by proteolysis. However, under
certain circumstances, when complement is extensively activated, the mechanisms
preventing the C5a effects may fail and serious consequences of the C5a activation
oceur. Such consequences include the release of toxic neutrophil products, such as
oxygen radicals and/or granule constituents, such as neutrophil elastase,157.159r

(2) Chemotactic activity

The chemotactic activity is exercised by C5a, which is a smaller product of the cleaved
C5 component.! 57 The Cha fragment is a highly potent chemoattractant for neutro-
phils; eosinophils, basophils and monocytes,156k.157.158¢ and it also promotes the aggre-
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gation and adherence of phagocytic cells to vascular endothelium. 1324157 Possessing
these effects, the C5a is capable of participating in the attraction of migrating phagocy-
tes to the lung and peritoneal cavity tissue, being a site of the immune complex deposi-
tion or bacterial attack.157 The activity of C5a is accompanied by degranulation of the
neutrophils and lysosomal enzyme release from neutrophils, enhanced oxidative activity
leading to the production of bactericidal oxygen derivates, and stimulation of lipoxyge-
nase activity resulting in the LTB, production by neutrophils.!57:159n,1395,159

(3) Opsonic activity

The opsonic activity (which means “to prepare for ingestion”) is executed by the C3b
fragment, being a cleavage product of the activated C3 component,132a.158< The C3b
fragment, after it has been fixed to the surface of the particles, such as immune-com-
plexes or a micro-organism, is capable of acting as an opsonin. 132a 15651571570 The
C3b promotes the attachment of the particles to the neutrophils and non-activated
monocytes and when a small amount of IgG antibodies is bound to the particle, its
processing by these cells is also stimulated by the C3b fragment. 132%156< The binding of
1gG antibodies to the Fe receptors, expressed on the surface of phagocytic cells, leads to
the distinct amplification of such phagocytic response when the target-bound C3b also
simultaneously interacts with the CR1 receptor on the surface membrane of these
phagocytic cells.132a,156c,156r, 1591159 In contrast, in the already activated macropha-
ges, the interaction C3b-CRI triggering the processing and the phagocytosis of the
particles, is not conditioned by the presence of the IgG antibodies, 132215661591

Analogically to the C3b fragment, particles carrying the C3b degradation product,
iC3b, on their surface, are capable of interacting with the CR3 receptor.132a, 156¢

Similarly to the C3b-CR1 interaction, the iC3b-CR3 complex also needs the presence
of IgG antibody to initiate the phagocytosis of the appropriate particles, 132a,156¢,1565,1591

The CR3 is probably the most prominent opsonic complement receptor "in vivo”,
since the iC3b is the most dominant fragment appearing on the surface of various
particles. 32a,156r,1591

Convincing evidence has been provided for the prominent role of the C3-related
activity in the mechanism(s) underlying the complement-mediated host defence.132a
However, our knowledge of these mechanisms in humans still remains incomplete, 156t

(4) Bactericidal activity
Bactericidal activity of the complement system is generated by the activation of the
terminal components C5, C6, C7, C8 and C9, and by assembly of the MAC.1324 This
activity can also be generated in the absence of the C9 complement component, which
then seems to be slower than in the presence of the C9 component,157h:157m The outer
lipid membrane of the gram-negative bacteria seems to be the site of the C5-CY
action.l32a

(5) The role of the complement in the antibody formation

The role of the complement in the antibody formation includes various aspects.132a.
156,156b-156d,156r The macrophages, monocytes, B-lymphocytes and some subsets 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 some cells participating in the antibody generation,158b,158m-158p

(6) The role of the complement in the processing of immune complexes

The role of the complement system in the processing of immune complexes may be
manifold, as it has been repeatedly suggested by various investigators.128,128a,128b,132a,
146h,156,156a-1568,1561,156p.156t-156y,158b The activated C3b fragment carrying the opso-
nic activity can enhance the uptake of immune complexes by macrophages “in vitro”. 157
The activation of C3 via the classical pathway may partly 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,155a,156,156f,
156g,156u,156v,157 Both the prevention of precipitation and the dissolution of the immu-
ne complexes may be realized through the covalent binding of the C3b fragment to
these complexes.136r.157 The extent of the immune complex inflammation could be
limited by a possible control system, including C3 convertase.136f It has been shown
that immune complexes become soluble by the C3 convertase.! 566156g156u This enzy-
me is formed by the activation of C3 by the factor B of the 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 not locali-
ze along filtering membranes and do not cause any injury. These small immune-com-
plex amounts are eliminated through the phagocytosis by macrophages of the mononu-
clear phagocyte system (formerly called reticulo-endothelial system), which contain the
membrane receptors for the Fe region of the IgG heavy chains and for C3, especially for
C3b and C3d in animals, such as mice,126.128a,128b,156v

However, our knowledge of these mechanisms in man s still incomplete.!56¢

(7) "Acute-phase reactants”

Several complement proteins are so-called acute-phase reactants”, whose plasma
concentration increases during the host response to injury or inflammation. 1564 The
expression of the complement genes is 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 reviewed in detail by Perlmutter, Colten
and colleagues. 156d,156w, 156x

[F1 POSSIBLE PARTICIPATION OF THE COMPLEMENT
SYSTEM IN THE IMMUNOLOGIC MECHANISMS
Despite our still limited knowledge, the complement system, is presumed to play a
manifold role in various immunologic mechanisms at different biochemical levels.
This role includes a number of effects and interactions, such as increase in the
blood vessel and capilary permeability, stimulation of the vasodilation, promoting the
edema formation, increase in neutrophil adhesiveness, stimulation of chemotaxis of

191



The late nasal response

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-lnduced ion ﬂuxeg_ 1324,156,156b,156¢,156s5,1591t-159v,160,160a- 1604

(1) Vascular changes

The vascular changes include the vascular permeability, vasodilation and the edema
formation.159t-159v,160 The vascular changes are mediated predominantly by anaphy-
latoxins C4a, C3a and C5a,156b,160 The vascular permeability and vasodilation are two
separately controlled components of the inflammatory response with a certain syner-
gism, which is a necessary condition for the production of the significant and prolon-
ged tissue edema, 566,159t Another essential condition for the tissue edema is an
increased accumulation and adherence of neutrophils to the endothelium of the small
blood vessels at the C5a site.156:15%u It has been proposed that the neutrophils may
induce the increase in blood vessel permeability by direct production of, as yet poorly
understood, ” permeability factors”, or else induce the stimulation of the endothelial
cells to which they are attached to subsequently elicit factors such as; leukotrienes, D
series prostaglandins and toxic oxygen radicals.1552 Vasodilation appears to be media-
ted by prostaglandins which are produced by the neutrophils and/or endothelial cells,
one of which is prostaglandin E,.155%156e,15%

The mode of action of prostaglandin synthetase and lipoxygenase inhibitors would
support the role of prostaglandins as chemical mediators in the complement-induced
vascular responses.160¢ Moreover, certain leukotrienes, such as LTB s rERe 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 adherence of the
neutrophils to the vascular endothelium,1465146d,156j,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.190f This
amount is presumed to be physiologically attainable at sites of the complement activa-
tion, and therefore gains ”in vivo” credibility. Moreover, the repeated exposure fo it
did not appear to produce significant desensitization. The relative effectiveness of C3a
and particularly C4a needs more concurrent study. 160f

The anaphylatoxins can be degraded by "in vivo” plasma carboxypeptidase N,
previously termed "anaphylatoxin inactivator”158d,160g, which removes the C-termi-
nal arginine residue from each of the anaphylatoxins. This degradation leads to an
appearance of Cd o ppp C3830, pr a0d G385, o 1 157,160g,160h 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 " vive” biological
effects.157,160i More recently, it has been accepted thal the des-Arg” derivatives of all
the anaphylatoxins are not able to produce the histamine release from the mast
cells.169h However, when injected into the skin, they trigger an inflammatory wheal-
and-flare response, which cannot be distinguished either macroscopically or micro-
scopically from that caused by the native anaphylatoxins.160f These facts may then
support the hypothesis that histamine would not play any principal role in the ana-
phylatoxin-induced inflammatory reactions " in vive”.160

192

The late nasal response

(2) Neutrophil adhesiveness

The ”in vitro” studies using purified C5a showed that the binding to the neutrophil
C5a receptor promotes the ability of neutrophils to bind to the endothelial cells but
not to the smooth muscle cells or fibroblasts, 1 22a.146d,160] Both C5a and Cha,,. Aea
seem to be equipotent in this respect.158h.160e Moreover, the neutrophil aggregation
and up-regulation of cell surface C3 receptor numbers is induced by both these com-
ponents_MGd,lSBh,lGOe

The neutrophil surface adhesion molecules MAC 1 and p 150,95 have been found
to be identical to CR3 and CR4 receptors respectively. Both the molecules are types of
the neutrophil cell surface C3 receptors whose production is enhanced by C5a/C5a,,.
Arg ->8100m Some cytokines, such as IL-1 and TNF may also participate in the
neutrophil adhesiveness.131£146h

(3) Chemotaxis

The complement components, such as C5a, C3a and C5a . 4., have been demon-
strated to possess chemotactic activity for various cell types, including neutrophils,
basophils, eosinophils and mononuclear phogocytes (monocytes and macrophages).
160n The C5a seemns to be the most potent chemotactic agent for neutrophils, followed
by C3aand Cay ,, o191 However, the full expression of the human C5a g, Ak
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 have also been demonstrated to possess a distinct chemotactic activity
for various cell types, such as IL-1, IL-2, IL-6, IL-8 IFN-yand TNF for neutrophils, TL-
I and TNF for monocytes, interferons for macrophages131%,146b,146d,156j,156m

(4) Release of toxic oxygen radicals and lysosomal enzymes
from neutrophils and phagocytic cells

Various biological stimuli, including C5a, are able to induce the production and
release of significant amounts of the toxic oxygen species, such as superoxide anion
and hydrogen peroxide from the neutrophils.158s160r These oxygen species represent
the group of the neutrophil-derived permeability factors causing the damage of the
endothelial cells, followed by increased permeability and leakage of a protein-rich
edema fluid, 160s

Furthermore, the release of lysosomal enzymes by phagocytic cells also contributes
to the tissue damage.160t The lysosomal enzymes are also known to be able to activate
Cl and factor B *in vitro” 160t The release of lysosomal enzymes can also be stimulated
by C5a, C5a g C3¢ and by cross-linking of CR 1 on the surface of the phagocytic
cells.158g.160u This cross-linking appears at the sites of the complement activation
where C3b becomes bound to the activated surface of some cell types, such as micro-
organisms or antigen-antibody complexes, and is then able to crosslink the CR 1 re-
ceptors. The IgG-containing immune complexes with incorporated C3b have been
demonstrated to be much more effective in inducing the lysosomal enzyme release
from the neutrophils, than the I[gM-containing complexes, 160v
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(5) Stimulation of the formation of the membrane attack complex
(MAC) systern

The MAC formation on and in the cell membranes at the site of the complement
activation has been suggested to lead to the influx of calcium ions through the trans-
membrane pores. This ion influx may then trigger the arachidonate cascade.!57:157¢
157f,160w

The human neutrophils display the phenomenon of "microvesicle shedding”. Hu-
man neutrophils treated with purified MAC are able to protect themselves by aggrega-
ting the MACs and to release them on the surface of the microvesicles. 13221591, 160y A
variation in the degree of the specific MAC protein degradation by the neutrophils has
also been reported. 160y

Moreover, the treatment of platelets with C5b-9 led to the alpha granule and dense
body release reactions.160x The platelets are able to release microvesicles which are
coated with C5b-9 and which have membrane receptor sites for the coagulation factor
Va.160x The C5b-9 effects on the platelets are probably mediated by the influx of the
calcium ions through the activation of platelet protein kinase.153.1533,160x The C5b-9
is, therefore, generating the platelet-derived pro-coagulant activity, and is possibly
helping to explain the question why the activation of the coagulation system regularly
accompanies certain acute inflammatory processes.!60x

The terminal sequence activation with the MAC formation and the membrane in-
sertion can therefore represent the lethal cell lytic event, or else it may result in the
specific alterations of the cell functions, some of which may be of the pro-inflammato-
ry character.132a.157 The "in vivo” MAC control measures and the C8 and C9 binding
glycoproteins may act to ensure the maintenance of a balanced state, not only by
minimizing the potentially damaging bystander cell lysis, but also at the same time by
facilitating the more biologically beneficial effects.1322.157.157f [t could be presumed
that this subtle balance will be disturbed in certain disorders or pathologic states or
during the stages of the intense complement activation.

[G] POSSIBLE ROLE(S) OF SOME COMPLEMENT PARTS,
“IgG” AND “IgM" ANTIBODIES IN THE "LNR"

Regarding the possible role of the complement in the inflammatory processes,1364:
156b, 156t we have measured the concentration of C3 and €5 in the serum of patients
developing the late asthmatic response [LAR] (n = 231) and the late nasal response
[LNR] (n = 165} to the allergen challenge. The LAR has been accompanied by increase
in the serum concentration of C3 in 76% of cases and of C5 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% of cases. These preliminary, not yet published, data would not ,
at least, exclude any form of possible contribution of the complement system to the
mechanisms underlying the LAR and LNR. However, our preliminary data have a
screening character only. More concurrent studies of the complement system, including
all the important parts participating in both the classical and the alternative pathways,
would be needed to explore and confirm this hypothesis.
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In other groups of patients developing either the LAR (n = 82) or LNR (n = 55) we
have studied the possible existence and changes in the concentration of the immune
complexes in the serum by means of the'* I-Cl, binding assay and Cl_ solid-phase
assay.1%6 In most of the subjects demonstrating the LAR as well as those with LNR, no
significant amounts of the immune complexes have been detected. In 17% of the pa-
tients developing the LAR and 3% of those developing the LNR, the IgG containing
immune complexes (TeG, IgG, IgG,, IgG ;) have been detected in the serum to a slight
degree, howeyer, without any significant 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
complexes still have some shortcomings regarding the specificity as well as sensitivity.

Some investigators reported the findings of immune-complexes in the patients with
allergic bronchial asthma.130,1302,147,161,161a,161b However, 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 IsG
and IgM antibodies and the IgG subclasses in the serum, sputum, bronchial lavage fluid
and in the bronchial mucosal membrane, the changes in the concentration of the che-
mical mediators, their precursors, derivatives and metabolites, the changes of the com-
plement system parts, and the cellular changes within the mucosal membrane as well as
their influx across the mucesal membrane have, in our opinion, not yet been sufficient-
ly investigated in patients with LAR as well as with LNR and would require further
studies. The IgG and possibly also the IgM antibodies are presumed to play a major role
in the forming of immune complexes, after their interaction with the antigen,26-
128,129,152, 147,145,156y, 161c,161d gccuring in the blood stream or in the vascular wall,
and sometimes also in the tissue. The IgG antibodies can also directly activate the
eosinophils through their membrane TIgG receptors,140.142.146.149 stimulate macropha-
ges, 151,153 neutrophils, 141,146,146¢,147,149,151,152 and platelets.147, 150,151,153,154 The
1gG and possibly also IgM antibodies are suspected to be responsible for the late hyper-
sensitivity mechanism(s).65.66.68.68c,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 to allergen challenge” (LAR).63-66.68,68a-68F The LAR
has been accompanied by an increase in the serum concentration of 1gG in 66% and of
IgM in 499% of the cases, while positive specific IgE antibodies in the serum were recor-
ded in only 29% of the LAR cases.63-66.68a.68¢ With respect to the [gG sub-classes, we
have found a significant increase in the serum concentration of IgG,, during 52%, of
TgGj during 25% and of 1gG, during 8% of the LARs, while IgG,, concentration incre-
ased in only 2%, but decreased during 54% of the LAR cases.63:65.681 These results are
partly in agreement with the findings of other investigators, who have performed bron-
chial challenges with allergen and concluded that [gG,, 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.161,161a-1611 Homburger and
colleagues!6!i have found a significantly higher concentration of IgG, antibodies in the
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serum of patients with bronchial asthma or with what they called "inflammation of the
airways” than in normal control subjects. Stanworth and coworkers,!61h.161k Nakagawa
et al,161,1611 Goodwin,!61m Gwynn et al161e.161i and Perelmutterl61s have suggested the
possible involvement of [gG, antibodies in the hypersensitivity states. The exact mode
of this involvement is, however, not yet fully clarified.

The question of the role of the individual IgG subclasses in "late phase allergic reac-
tions” would become more complicated if some investigators' suggestion of the possible
existence of the allergen-specific [gG sub-classes were to be confirmed.126-128,128b.161e,
161h,1615,161n,161p The decrease in the IgG, antibodies during 54% of the LAR cases was
a surprising result of this study.65:56 We do not have any clear explanation either for the
exact role of the IgG, antibodies in the LAR, or for their decrease during the LAR. The
exact involvement and significance of the individual IgG-subclasses for the hypersensi-
tivity mechanisms, particularly those underlying the “late phase reactions”, is still un-
certain.161f The changes in the IgG subclasses during the LAR, recorded in our studies,
could implicate the possibility of a differentiated involvement of individual IgG subclas-
ses in the interaction with the antigen, and in the "late phase allergic reaction”, at least
in LAR. Our results would not confirm the involvement of IgG as a uniform complex
antibody.

Such a presumption of the possible participation of IgG, and possibly also of TgM
antibodies in the LNR, can probably be made, or at least not be fully excluded, with
regard to our results demonstrating an increased serum concentration of total 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% of LNR cases, which concentration
showed changes during 33% of LNR cases.!4

Besides this classical conception of presumed involvement of IgG antibody (and
possibly also IgM) in the late hypersensitivity mechanism by forming immune-com-
plexes through the classical pathway, other possible pathways and other roles of the TgG

antibodies in the late-phase reactions might also be considered.68¢.126-128,128b,130,130a,
131,146¢,153,154,1585,161h, 1611 161r-161t

5. THE ROLE OF THE PARTICULAR CELL TYPES [Figure 56 (page 379)]

[A] NEUTROPHILS

Some authors have found evidence for the existence of membrane receptors for the
[gG antibody {Fcy R, Fcy RIL and Fey RIIT) on the neutrophils146e,147,151,152,154,161x-
161w and FcyRII receptors on the platelets.131:153a, 154,161 161w

Other investigators have reported that eosinophils and neutrophils possess membrane
receptors for [gG subclasses (IgG 1,2,3,4) and certain complement components, inclu-
ding C3b/C4 and C5a.1284,141,146,148,149,154,158),161x They have suggested that "Ig
(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 mast cells, 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.1282 They also
have provided evidence for the activation of inflammatory cells by antigen challenge in
asthmatic subjects, leading to an increase in the number of neutrophil C3b and IgG(Fc)
rosettes. Welsh and Kay14# have also found evidence for the binding of homologous
TgG 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.

Most recently, three basic classes of the human Fc receptor for IgG, one high affinity
receptor, Fc YR, and two low-affinity receptors, Fc y RIT and Fc yRITI, have been
identified.161u.161v.161w The Fey RI (CD 64) is a 72kDa glycoprotein present on mono-
cytes, macrophages and neutrophils. The Fe ¥ Rl is the only Fe receptor that binds mo-
novalent [gG, predominantly IgG, and IgG,, with high affinity. This Fc receptor is a
member of the so-called "immunoglobulin superfamily”, being a subgroup of the cell
adhesion molecules. Moreover, the interferon-gamma (INF-y) increases the expression
of the Fc ¥ RI not only on the monocytes and macrophages, but also on the neutrophils.
The Fe y RIL (CDw 32) is a 40kDa glycoprotein present on all hematopoietic cells except
erythrocytes. The Fc y RIT is the major IgG-Fc receptor expressed on the surface of the
platelets.161v.161w The Fe y RIIT (CD 16} receptor, a 50-70 kDa glycoprotein, is also
expressed on the large granular lymphocytes (natural killer cells), eosinophils, neutro-
phils and macrophages.161v-161z The F¢ v RIII on the neutrophils is bound to the cell
membrane through a phosphatidylinositol glycan linkage, while the Fe ¢ RIII on the
macrophages and natural killer cells is a transmembrane protein.161v,161w

The results of our previous studies demonstrating significant 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 dynamic role of neutrophils in the
LNR.2:11612,25,40c,40d 40 41a-41d,72,72a,72¢.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 secretions?8d.51¢,82,83,94,97¢ or in the nasal mucosa biop-
sies,51b accompanying the clinical LNR,

Finally, other investigators have recorded increased concentrations of some mediators
or factors directly related to the neutrophils and therefore considered to be indicators
for nentrophil activation, in the nasal lavage fluid during the clinical LNR.97¢

Anaother interesting aspect which may support the active involvement of neutrophils
in the late phase reactions, including LNR, is their ability to degranulate.131¢ Two types
of neutrophil degranulation have been recognized, an “intracellular” and an "extracellu-
lar” degranulation.!31e The degranulation and other intracellular changes in neutro-
phils appearing in the nasal secretions (NR) during the immediate (INR) and the late
(LNR) nasal response to allergen challenge has been observed and reported by us for the
first time. 1121 1b:41b,41d,71,72,72a,72¢ The degranulation and other intracellular changes
recorded in neutrophils appearing in NR during the LNR were to a significantly higher
degree (88%)400414.97 than those observed during the INR? 14 110,972 Moreover, the
degranulation and other intracellular changes in the neutrophils were prevented by
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intranasal budesonide to a distinctly higher degree than by intranasal cromolyn40e.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 mechanisms leading to the
development of the late phase allergic reactions, has been provided by investigators
studying the antigen-induced late asthmatic response.?68:162,162a-162¢ Zyweiman and
colleagues96:162b and Nagy et al'62< have found a significant increase in neutrophil
chemotactic activity in the serum of patients developing a positive late asthmatic res-
ponse (LAR) to allergen challenge. Durham and co-workers!62d have recorded a 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. Atking!62e and Zweiman et all62b have recorded a distinct
increase in the blood neutrophil count 2 hours after the bronchial challenge with aller-
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 bean
example of the type TIT or Arthus response with neutrophil infiltration resulting from
the generation of chemotactic factors, following activation of complement by immune
complexes; (2) LAR may be associated with re-activation of mast cells, since elevated
serum concentration of neutrophil chemotactic factor was recorded during LAR; and
(3] the leukotrienes, prostaglandins and thromboxanes may play 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 edema of the
submucosa as a result of their effects on the microvasculature”.

Results of the bronchoalveolar lavage (BAL) during the LAR may also support the
evidence of active involvement of the neutrophils as well as the eosinophils, in the
hypersensitivity mechanisms leading to the development of clinical LAR.162, 162a.162¢g-
162j Metzger and colleagues!622:162h have found significant increase in the count of
neutrophils and eosinophils in the BAL-fluid at 4 hours after the bronchial challenge
with allergen. However, after a local (intrabronchial) allergen challenge, a significant
increase in the numbers of neutrophils, eosinophils, macrophages and lymphocytes has
been recorded at 48 hours after the challenge.162+1628 Diaz and colleagues have also
found a significant increase in the count of neutrophils, lymphocytes, eosinophils and
lung mast cells in the BAL fluid at 6 hours after the bronchial challenge with allergen in
subjects developing LAR.162i

[B] PLATELETS
The role of platelets and neutrophils in mediating the hypersensitivity reactions,

seems to us to be still underestimated.!3%a-139d,146e,153,1530,154 The platelets and neu-
trophils can be involved during the late hypersensitivity reactions in various manners
and they may stimulate and induce other steps through various pathways. ! 39a-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 as a target cell of other processes and cells,138:139,139a-139d,153, 154,162k, 1621
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The platelets contain intracellular granules similar to the classical lysosomes of the poly-
morphonuclear leukocytes, which can degranulate during the formation of the platelet
plugs. 153,162k Platelets accumulate in vessels adjacent to inflammatory fod and interact
with antigen-antibody complexes.13%¢ The platelet response to the surface stimulation
by release and secretion of various factors is also accompanied by formation of prostag-
landins and thromboxanes.!53 Platelets contribute to the inflammatory processes acc-
ompanying the tissue injury by releasing various highly potent intracellular constituents
and factors 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 accompanied by poly-
morphonuclear infiltration. 153, 1621 The functional activation or activation followed by
aggregation of the platelets 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 basophils129,134,135, 138,139,139¢ and sometimes also from ather cell types,
¢.g. eosinophils, neutrophils or monocytes, by decreasing exogenous cAMP and/or in-
creasing exogenous cGMP with subsequent decrease of intracellular cAMP in the plate-
lets,147 by some complement parts (C3a, C5a),148 and probably also by other pathways.
153 The platelets may also be stimulated directly by IgG antibodies and/or immune
complexes, since the Fc receptors for all four subclasses of 1gG (Fey 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 other cell
types and to the endothelial cells, such as "integrins”, "superfamily of adhesion recep-
tors (0. + [3)”, subgroup of them is formed by factors, 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-17 (PECAM-1).139a-139¢,153

Lysosomal enzymes are involved in the further stages of the immune complex-media-
ted tissue injury.126,128,128b,137 Neutrophils are also involved in immune complex-
mediated injury by their influx into the site of the immune-complexes as well as plate-
lets which then adhere to and interact with the damaged epithelium and immune-
complexes through various adhesion molecules upon regulation by various factors,
chemotactic factors, and some cytokines,126,128,138,139,139¢, 153,162k

Some evidence has been gathered for the active role of platelets in the antigen-indu-
ced asthma 13961620 and in the antigen-induced late asthmatic response (LAR).13%c162a
However, there is still a dearth of detailed information concerning the possible involve-
ment of platelets in the LAR, Data concerning the possible participation of platelets in
LNR are not yet available.

[C] EOSINOPHILS

Another cell type which may also play an important role in the late hypersensitivity
mechanisms is the eosinophil 2.1 1a-11e,13a-136,18,20,25,34,40c-40%41b-41d,48,65,66,68¢,72,7 2a-
72d.80,950,96,97,973-97¢,970,971,971,134,135,136a,140- 146,148,149, 1 56¢,158],161%,16 12,1 62,1 62f,

162p-1627,163,163a-1632 The eosinophil bears and expresses various receptors and molecu-
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les on its membrane, such as low affinity receptor for IgE (Fc, RII; CD23),1615162s162v
receptors for IgG (Fcy RIL; CD32),146.148,161y.1612 [o(; subclasses, [gG, ,(FCYRIL;
CD32 and FoyRITL; CD16),148,161w,161y,1612,162r, 163b TgA (Fc o R),161Y complement
parts (Clg, C3b = CR1, iC3b = CR3, C4b, high and low affinity receptors for
(C5a),146,1566.161y,1612.162p,162v adhesion molecules (LFA-1. = CD 1la, CR3-ot = CD 11
b, P 15095-0, = CD11c) 161z, VLA-4,156m,162u Fc y RIT (CDw 32,1612 integrins
(CD11/18)162u glucocorticosteroids, 161y PAF-acether, 161y histamine, 161y oestradiol, 161y
and cytokines (high affinity receptors for [L-3, GM-CSF, IL-5 and for CD 25
molecule).162v163,1636,163v,163w

Recently, it has been suggested that both the major histocompatibility complex class
1l proteins!63d and CD4 molecule may be expressed on the surface of eosinophils stim-
ulated by GM-CSF.163¢ The receptors for [gM antibodies on the eosinophil surface have
not yet been confirmed.162v.163b

The eosinophils can be activated and stimulated by a variety of factors, including IgG,
IgG-subclasses, complement parts and immune complexes,140:142, 161z,163z

The eosinophil also fulfils a dual role, acting as an immunoregulatory cell in some
steps of hypersensitivity mechanisms (= integrated part of some processes), but also as
an effector and target cell in other steps (= consequences of some processes).
1617,162,162v,163,163h- 163t

The increased counts of easinophils 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 responses to allergen challenge, have
repeatedly been reported 1:27.11612,16,19,25,40¢-40(41a-41d,48,48d,51a,51¢,55,61,62-66,682,68b,
68¢,68£,70,72,724,72¢,82,82),83,94,95, 96,97,97b,97n,121b,121f,124b,1284a,131a,131¢,140-146,148,149,
158),161f,161h,161x-1612,162,162a,162g,162h,1621,162n,162p-162v,163,163b,163¢,1631-163(,163v,163w

However, in contrast to other investigators’ findings, referred to abave, Venge and
Dahl163p have reported a decrease in the count of cosinophils in peripheral blood
during the LAR to a allergen challenge.

Interestingly, some classical immune complex disorders, such as serum sickness and
vasculitis may also be associated with peripheral blood eosinophilia. 126, 128163t There is
a dearth of information in the literature concerning the possible occurrence of peripheral
blood eosinophilia during the particular types of the nasal response to allergen challenge,
especially the LNR. Varney and colleagues®!? did not find any increased count of eosi-
nophils in the peripheral blood, whereas we have previously recorded a slightly increased
count of peripheral blood eosinophils during a minority of LNR cases, 14.41b

However, our recent not yet published data concerning a relatively high number of
the isolated LNRs (n = 272), show a slight, but not significant, increase in the count of
eosinophils in the peripheral blood accompanying only 7% of the LNRs. These data
may therefore support the hypothesis of the topical character of the nasal responses to
allergen challenge, being limited predominantly to the nasal mucosal membrane. ! 1h41i

In contrast, the increased influx and significant changes in the count of various cell
types, including eosinophils, in the nasal secretions (N§)218,25,40c-40f, 41a-41d,72,72a,
72¢,97,121b gr in the nasal lavage fluid,48:48d,51¢,55,82,83, 94,970 gccompanying 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 n]ailﬂy to the methods used. ! 1c40c-40f41b,41¢,48d,49,51b, 51¢,53,97,97b,97¢c

The accumulation of eosinophils, besides the other cell types, in the nasal mucosa
tissue, during the LNR has also been reported.2,96.97,97n

The active role of eosinophils in the mechanisms underlying the LNR may also be
supported by our previous findings of significant degranulation and other intracellular
changes in the cosinophils and neutrophils migrating into the N§2,11¢,40d,40£41b.41d,72a,
72¢ and into the nasal mucosa tissue (biopsy)2:96:97 during the LNR, as compared with
their numbers and state both before the allergen, at baseline, and during the PBS controls.

The eosinophil traffic in the nasal mucosa and in the NS during the particular types of
nasal response to allergen challenge, differs slightly from the results of the the broncho-
alveolar lavage (BAL)124b,162,1622,1625-162i,162w,162x,163g-163k and bronchial mucosa
biopsies 1620,1638 performed during the late asthmatic response to allergen challenge
(LAR).

Unfortunately, the complex mechanisms leading to the increase in the count of eosi-
nophils in the blood and the process of recruitment of eosinophils into various tissues,
including the nasal mucosa, have not yet been fully clarified,1282,131b-131£136b.142- 146,
156m,1561,158),161x-1612,162,162¢,1621,162n-162v,163,163a-163k, 163m-163u

The mobility and attraction of eosinophils due to various stimuli may be realized
through chemokinesis, being a non-directed movement, or through chemotaxis, being a
directed migration across a stimulus concentration gradient.162v

The eosinophil recruitment into the tissue initially involves the adhesion of eosino-
phils to the vascular endothelial cells in the tissue, their migration into the submucosa,
and finally their subsequent activation,128a,131¢,131e,156],156m,156n, 161x-1612,162p, 162v

The process leading to the increased eosinophilia in the blood as well as to the eosi-
nophil accumulation in the tissues may involve complex interactions of chemotactic
factors, adhesion molecules, integrins, cytokines,'62v and probably also other factors,
such as neurotransmitters, neuropeptides,131e.163u sipnal transduction processes,131b
clothing system, 1468 and factors which have not yet been recognized.

Chemotactic factors, such as LTB,, histamine, PAFs, ECF-A, ESP (eosinophil stimula-
tion promotor), neutrophilic ECF-A etc.,'62v influencing the blood eosinophilia and
modulating the influx of eosinophils into the tissues and secretions, originate from vari-
ous sources and are generated by various cell types and systems. 161y, 1612,162v,163r,163t
Some complement parts, such as C5a are also chemotactic for eosinophils. 146:161x,1617,163a

However, there is 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
eosjngphﬂ accumulation in the tissues, 1617, 1626, 162u,162v,163¢,163v-163z2

The adhesion molecules probably involved in the eosinophil recruitment may include
ICAM-1 (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).146d, 156},16121621,162v
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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, 163

The eosinophils, besides the impressive number of the constistuents, granule proteins
[MBP = major basic protein, ECP = eosinophil cationic protein, EDN = eosinophil-
derived neurotoxin, EPO = eosinophil peroxidase] and other products,11a.2348.55,65.66,
97b,131e,131£,135,136a,140.142,144, 149,156}, 16 1x, 162,1625,162t,163,163n,1631,163u may also be
capable of producing some cytokines, such as GM-CSF,162p,162t,163¢ [ -3,162t,163¢ ]| -
1o, 1612 and transforming growth factors, including TGFo162p;163r and TGF-f.163

Recently, some evidence has been provided for the role of activated eosinophils as
MHC-restricted, HLA - DR-dependent antigen-presenting cells to stimulate proliferati-
ve responses of CD4+ lymphocytes, 1612,163d.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.2:510,51b,952,96.97,974,97£,970,975,97t, 131e,135,140-144,162,162d,162f,
1620,162v,163,1631,1630

The eosinophils can also contribute to the tissue damage, especially that of respiratory
epithelium, through their granule proteins, e.g. MBP.1612162v.163n The MBP causes
ciliostasis and exfoliation of the respiratory epithelium cells,161% 162v and incidentally it
may also participate in the tissue damage through its effects on the C3 convertases of
the classical and partly also of the alternative complement pathway.156,156¢,161z 162v

Interestingly, Bascom et al48 have recorded increased concentrations of MBP and
EDN, whereas Bisgaard et al82i have found an increase in concentration of ECP in the
nasal lavage fluid during the LNR. These findings would confirm an active role of
eosinophils in the LNR mechanism.

Taken together, 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, among others in LNR, and its role cannot be excluded even in the classical late
hypersensitivity mechanisms (immune complexes, Arthus phenomenon).

[D] MAST CELLS AND BASOPHILS

Other versatile cell types, participating directly as well as indirectly in various steps of
various hypersensitivity mechanisms are basophils and mast cells. 162m, 1622,164,164a-1641
Classically, the mast cells and basophils have primarily been understood in their role
in the patho-mechanism of the immediate hypersensitivity.2:4.34,41642-45.48d, 51a,51c,68¢,
82,85b,85¢,1282,128g,1 31¢,131¢,163},1635,1631,164a,164d, 164¢,164m-164u | ater, an evidence has been
gathered, suggesting that mast cells, and probably also basophils, may also be important

cytokine-producing cells.131£146b,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 one of them.51a.51¢, 68¢,82,164¢ The mast cells and basophils have not only several
features in common, but they also differ each from the other in several aspects.162m,
164b-164d, 164x,164y,164z

A number of investigators have provided evidence for the existence of IgG receptors
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FcyRII on the membrane of mast cells and possibly also of basophils, 140:153,161h, 1611,
1615,1611,161v,161w,164,165,165a-165d a5 well as the already repeatedly demonstrated IgE
receptors Fcg RI on these cell types.!55¢ Others have reported the presence of the speci-
fic receptors for 1gG sub-classes on the membrane of both human mast cells and baso-
phils,1611,161u,165a,165b,165d,165f Regarding this evidence, other authors proposed that
IgG or some of the IgG sub-classes, interacting with antigen, might act directly on the
mast cell and/or basophil, resulting in the release of their mediators.165b The unique
membrane receptors for [ghit65¢ on both the mast cells and the basophils can be charac-
terized as a high affinity IgE receptor (Fc_RI), being a multimeric complex consisting of
one ¢-chain, one B-chain and two disulfide linked —chains,128a,1312,161p, 162m

The antigen-specific IgE antibodies binding to this high affinity 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.131b,
1562,161p,164b,164¢, 164k

The receptors for IgG displayed on the cellular membrane of basophils as well as of
mast cells, can be defined as a medium affinity 1gG receptor (Foy RIL).131e,161v,161w,
162m,165¢

Basophils and mast cells can also be activated through the Fc y RII receptors having
been previously bound by the IgG-antigen complexes, a process which then leads to the
release of their mediators, especially histamine. 161v,162m,165¢

Moreover, both the mast cells and the basophils possess the receptors for some com-
plement parts, such as C5a, C3a and C3b, on their membrane.156,156¢,156t,156x,162m,164,
L64a-164c,1645164h However, the particular complement parts, 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 mediator release (e.g. histamine), whereas the C3b effect results in the enhancement
of the IgE-mediated mediator release from the basophils, but not from the mast
cells, 162m,164

The mast cells and basophils can release their mediators in two different manners,
either by a semi-selective secretion, without any principal morphologic changes, 164w
165g or by degranulation, which is however accompanied by a variety of cellular and
intracellular changes.162m,164b.164c,164g

The release of mediators from the mast cells and basophils can also be induced, besides
the already mentioned mechanisms such as IgE receptor-mediated (Fcg RI), IgG recep-
tor-mediated (Fcy RII), and complement part receptor mediated (C5a, C3a), by a
variety of other factors, molecules and compounds, including *histamine releasing

factors”, cytokines, "Stem cell factor”, neuropeptides, and varia,162m, 164a-
164p,164v,165h-165z,166, 166a-166p

(1) Histamine releasing factars (HRF)
Histamine releasing factors (HRF), are compounds capable of inducing the release of
histamine from basophils and some of them also from mast cells.162m.164a-164p,165h-

1651,165v-165%,166,166a-166d, 166n,166p,166T Several human cell {-’rpe& i.IlCllei.l'lg neutro-
phils, 154, 164p,1651,1655.166a,166p msmophﬂs,lﬁ‘ﬁ»lﬂﬁlﬁss mongcytcs,164j,165i.1651,165r.1655
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macrophages, 6416551655, 165v-165y endothelial cells, 1565.165,163s platelets, 16416551655,
165z fibroblasts, 165k and lymphocytes (B and T)164 1651165 can synthesize and secrete
some of these factors, 16551655

The group of HFRs includes factors such as "neutrophil-derived histamine releasing
activity” (HRA-N),164i:164p,166a "neutrophil activating factor”(NAF),165t "neutrophil
activating peptide-1 and -2” (NAP-1, NAP-2),164).165y "mononuclear cell-derived
factor”,165L166b "connective-tissue-activating peptide 111”7 (CTAP I11),1640.1655,1655.165v,
165w "macrophage-derived HFR”,165¥ macrophage inflammatory peptide” (MIP 2},
1655 ”monocyte chemotactic and activating factor” (MCAF),164¢,1645,1655,165w l50
known as MCP-1,164j,L66r,166t RANTES - a product of T-lymphocytes,164 “monocyte
chemotactic factor”,16541651 and HFR from platelets.1652

Most of the histamine-releasing factors belong to the so-called "intercrine” or “che-
mokine” group of cytokine-like molecules.164j,166u

Some of the HRFs derived from the endothelial cells, platelets, and macrophages can
bind IgE and are therefore dependent on the IgE activation for their function, whereas
some other HRFs, derived from the neutrophils and mononuclear cells can act indepen-
dently on the IgE.164k1641.165n,165y

Recently, a group of substances with an inhibitory effect on histamine release, has
been discoverd,1620n164d,165m These factors, being in reality antagonists to the HRFs,
and called "histamine-release inhibitory factors” (HRIF), inhibit the HRF-induced
histamine release from the basophils but not the histamine release induced by other
secretagogues, Recent data suggest that NAP-1/TL-8 may be one of the HRIFs,164j,165u
The NAP-1/IL-8 may also act as a histamine releasing factor, because it induces histami-
ne release from 1L-3-primed human basophils.165m,165t Some evidence suggests that
one of the most important HRIF would be actually TL-8, although this has not been de-
finitely confirmed. 1641655 166¢

However, there is a certain dissension with respect to the classification of the histami-
ne-releasing factors (HRFs). Some authors consider the HRE as cytokines, 1641.1651,165s
others describe them as cytokine-like factors, 1641165V whereas another group of investi-
gators call them simply HRFs.165m

We prefer to qualify these compounds as HRF, because (a) this group consists of very
different compounds and so far this group is not homogenic; (b) most of them are, in
reality, not genuine cytokines according to the classical conception; (c) and lastly the
definition of cytokines is still discussed.

(2) Cytokines

An increased evidence has been gathered for the enhancement of histamine release
from human basophils by some classical cytokines, such as interleukin 3 (IL-3)16¢e-
166g,166v granulocyte-macrophage colony stimulating factor (GM-CSF) 164g.164n,164v,
166g.166v interleukin 10; (IL-10:)1660, interleukin 13 (IL-1[3)166h, and interleukin-5
(T1.-5).166j. 166k

The results concerning the possible increase in histamine release from human baso-
phils by interferon-y (INF-y), are, however, contradictory. Some investigators have re-
ported such effects of INF-y,166m whereas others were unable to confirm them. 1661
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Interleukin-8 (TL-8) has previously been reported to cause the histamine release from
human basophils, 1651.165u166p,166w whereas later reports suggested quite reverse effects
of IL-8, the inhibition of the histamine release from the human basophils. 164j:165),165s,166¢

In contrast to human basophils, 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 enhancement of the
mediators release (e.g. histamine) also from human mast cells by some classical cytoki-
nes, a process which may be comparable with their effects on mediator release from
human basophils, 16481641, 166w.166v,166x. 166y whereas other authors have been unable to
confirm such effects of the cytokines on the human mast cells.164n,164x,166f,166j,166k,
1662,167,167a

In contrast to human mast cells, the rodent mast cells, e.g. from rat and mouse, can

be activated by some of the classical cytokines, such as I1.-3, TL-5, GM-CSF.164n,164r,
1661, 166k, 166L,167h

(3) The “stem cell factor” (SCF)

The "stem cell factor” (SCF) is another factor which can activate, prime and modulate
mast cells, and that not only from rodents (mouse, rat),164b:164¢,167¢-167k but probably
also the human mast cells. 1640, 164,164, 164n,166k,167a,167d, 1671-167n

The mast cell development in mice is critically regulated by the "stem cell factor”,
1674,167f g product of fibroblasts!65k.167¢,167d and probably also of other cell types,
which is a ligand for the tyrosine kinase receptor protein. 164b,165k,167d, 1671675167,
167k,167n The SCF has been shown to be an encoding product of Sllocus in the mouse
and the ligand for the proto- oncogene c-kit tyrosine kinase receptor (allelic with the W
locus).164k,167d,1671,167k,167p,167¢

The "stem cell factor”16761671 has also been termed "mast cell growth factor” (MGF),
167d,167n,167x "t ligand” (KL),66k:167r and "steel factor” (SE).1645,167p

The ligand for the c-kit receptor, SCF, is produced as a transmembrane protein, of
which three alternatively spliced forms have been described.167d.167r

In mice, rats and non-human primates, recombinant SCF influences the migration,
proliferation and maturation of cells in the mast cell lineage, 165k167£.167g, 167
Recombinant SCF can also induce c-kit receptor-dependent activation and mediator
release from some populations of the mouse mast cells,167d.167f.167g

In rodents, both the mast cells and the stem cells express the "Kit” and the high aff-
inity IL-3 receptor on their membrane. 164167 The ligand for c-kit receptor (= SCF)
and the [L-3 have both originally been defined as mast cell growth factors, but were later
redefined as growth factors capable of promoting self-renewal of the stem cells.164c The
mast cell also expresses the nuclear transcription factors GATA-1, GATA-2 and GATA-
3.164¢,167p,167u GATA-1 is a cis-acting DNA-binding protein that uses two novel zinc-
finger domains to activate transcription messages for cell-specific products, such as glo-
bin and granule proteases.164c. 167h.167p.167u The SCF may be 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. 1645166k 167 Such proposed function of SCF may be sup-
ported by data of other investigators showing that human mast cells have arisen from
CD34+ progenitor cells,!644,167d,167v Qriginally, the SCF has been found in mice and
rats and the existence of similar factors in humans has been doubted.164x,166k.167d,1674,
167w However later, several investigators have provided evidence for existence of the
human SCF.164j,1671,167n,167w

In Jater studies, the human homologue of SCF has been cloned and the effects of the
rhSCF (recombinant human SCF) on the human bone-marrow-derived mast cells and
basophils,164b.164x,167v on isolated human skin mast cells,167d:167e.167L167w and human
lung mast cells!66k,1672,167m,167n have been examined. 166k, 167a,167m,167n

In the isolated human skin mast cells, recombinant SCF 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.167e.1671,167w

The SCF can also augment the ability of the isolated human skin mast cells to release
their mediators in response to the stimulation through the Fc_ RI receptors, which
means the IgE-dependent mediators release.!7¢ The SCF has also been reported to in-
duce the mediator release from the human peripheral blood basophils.167¢.167w

In studies using the isolated human lung mast cells, the recombinant human SCF has
been shown to be able to activate these cells and to distinetly enhance the release of per-
formed mediators (histamine) as well as of ” de novo synthesized” mediators (PGD,)
from these cells.166k.167x However, a brief incubation and/or lower concentration of
thSCF has enhanced only the anti-IgE-induced histamine release, but not the release of
PDG, from the human lung mast cells,'¢7x Since the effects of thSCF on the mast cell
mediator release ”in vitro” occur at concentrations of this factor similar to those found
in the serum of normal subjects, it has been speculated about the possible contribution
of SCF to the modulation of mast cell functions even under physiological conditions, 167w

The rodent and the human mast cells differ in their response to cytoldnes. The muri-
ne and rat mast cells responded to the stimulation with several cytokines including I1L-3,
[L-4, 11-9, GM-SCE by proliferation and release of their mediators, whereas the human
mast cells did not.164n,166k,1662,1674,167d However, the data generated from mice and
rats are not easily transferable to the human system. 66k Interestingly, some of the
cytokines acting on the murine mast cells (TL-3, GM-SCF) may also affect some func-
tions of the human basophil, 166k.1662.167a but not those of the human mast cells. 166k,
166z Furthermore, human basophils and human lung mast cells differ also in their res-
ponsiveness towards the IgE-independent triggering agents.! 66k Regarding these facts,
the murine mucosal mast cells seem to have more functional resemblance to human
basophils than to human mucosal mast cells,166k By contrast, the effects of SCF on the
mast cell functions are not restricted to the human or rodent system, 166k Galli and co-
workers have demonstrated that the rat SCF may induce proliferation, maturation and
functional activation of the mouse mast cells both ”in vitre” and "in vive”.167d, 167¢-
167g,167),167L,167w These parallels may emphasize the importance of SCF, acting through
the activation of the c-kit receptors, as one of the 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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In contrast to the human skin and lung mast cells 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, and its effects on the appropiate
types of nasal response to allergen challenge, in particular. Moreover, there is a dearth of
detailed information concerning the effects of individual cytokines on the nasal mucosa,
its parts, and individual cell types appearing in the mucosal membrane and in the nasal
secretions during the particular types of nasal response. Furthermore, few data are
available concerning the possible appearance of individual cytokines and changes in
their concentrations both in the nasal secretions and in the nasal mucosa, especially
during the particular nasal response types.

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
number of patients studied by these investigators has been very limited and they did not
report the simultaneous recording of the particular types of the nasal response to 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 involved in the nasal response to the non-specific agents,11511e.35a-
356,40¢,40d,40672¢,72d,96,97,97a The importance of such data may be further stressed by
previous findings of Naclerio and co-workers3, Bascom and colleagues34:484.82 and
Walden and co-workers? suggesting the role and activation of mast cell 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 of the nasal secretions
and histologic studies of the nasal mucosa during the particular types of nasal response
to allergen challenge, may suggest an involvement of basophils, besides ather cell types,
in the mechanisms leading both to the immediate and to the late nasal response, rather
than the involvement of the mucosal mast cells.2/11a,11¢,11¢,13b,13¢,40¢,40d,41b-41d,71,72,
72¢,72d,96,97,97a

In contrast to the nasal mucosa, the bronchoalveolar lavage studies have provided
some evidence for the more prominent role of the mucosal mast cells, rather than that
of basophils, in the lower allergic airways.162,162a,162¢,1621,162n,163j, 164

However, other investigators did not find increased numbers of mast cells in BAL or
biopsies of the bronchial mucosa. 1645,164,167y,1672

Finally, the studies of the SCF and cytokines have contributed to the explanation not
only of the differentation but also of the origin of mast cells and basophils. Recent evi-
dence of high levels of cytokine production by mast cells 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-
ducing cell, than with the myeloid cells such as basophils. The myeloid-associated sur-
face markers on the human basophils may indicate their distinct and different develop-
mental pathway.164c
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(4) Neuropeptides

Another group of compounds being capable, under certain circumstances, of influen-
cing the release of histamine, and probably also other mediators, from the human mast
cells, are “neumpqotides" 97%,131¢,163u,164g,164u,164y,165d,168, 168a-1682,169,169a-1692,170,
170a-1702,171,171a-171y

Neuropeptides, small amino acid compounds, being localized near an in the neurons,
are present throughout the body, in various organs and tissues.163u,168(-168

Stimulation of the non-myelinated C-fiber sensory nerve in the respiratory tract leads
to the antidromic release of neuropeptides. The released neuropeptides then cause dila-
tation of the blood vessels, increased vascular permeability, activation of various cell
types, increased production and secretion of the mucus, effects which are termed by
some authors as "neurogenic inflammation™, 168h,1681,169m

In the respiratory tract, the neuropeptides are located in neurons, neuro-endocrine
cells and inflammatory cells.1631,168£-168},169d,169¢ The neuro-endocrine cells are granu-
lated epithelial cells distributed throughout the conducting airways that contain several
peptides including “calcitonin”, "katacalcin”, "calcitonin-gene-related peptide”
(CGRP), bombesin etc.1631.169d Other neuropeptides, such as "vasoactive intestinal
peptide” (VIP) have been identified in various cell-types, including mast cells,169f
cosinophils, 169 mononuclear cells (monocytes), 1686 169,169 apd polymorphonuclear
cells.163w168f Once released, the neuropeptides may act either as neurotransmitters, '63u
or as mediators.163u Tn the respiratory tract, various neuropeptides serve as neurotrans-
mitters modulating airway caliber, vascular tone, mucus secretion, and vascular perme-
ability, 168g-168), 168t,168u,1682,169a,169b,169j-169m Some of the neuropeptides are also
capable of affecting the functions of various cell types by modulating their mediator
release 1685168k, 1681-168n and chemotactic responses.163u; 168

The following neuropeptides have been identified in the respiratory tract: (a) the
tachykinins, such as substance P (SP), neurokinin A (NKAJ, neurokinin B (NKB),
neuropeptide K (NPK); (b) neuropeptide Y (NPY); (c) vasoactive intestinal peptide
(VIP) and two related 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-
tensing (n) thymnsins; (P}B_endc,;ph{n_163u‘168F—1681’,]68x,16‘;l,l69b,16‘)c—169c,169111,]6911,
1692,170,17 Im, 17 1n, 1 71r

The tachykinins form a group of peptides with a common c-terminal sequence of
PHE-X-GLY-LEU-MET-NH, but different amino-terminal sequences that convey
receptor specifics. 163w, 168h,168,165¢ These neuropeptides are called tachykinins with
respect to their rapid spasmogenic effects on the smooth muscles. 97x163u,168h,1681,169¢

The neuropeptides have various biologic effects, termed “neurogenic inflammation”,
the most important of them are related to the vascular tone, vascular permeability,
airway tone and direct influence on the functions of various cell types, 163u.1680-168m,
169b The SP, CGRP, VIP, PHM and PHI are very effective vasodilators,1688 whereas
NPY may cause increase in vascular tone resulting in vasoconstriction.163u,169p NPY is
likely to be a co-transmitter with norepinephrine and is predominantly localized
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around the blood vessels in sympathetic fibers.168%169p The tachykinins, SP, NKA and
NKB can also increase vascular permeability, 1695 169s and their effects can be supported
by CGRP.16% In contrast, the NPY may reduce the vascular permeability induced by
SPp,169s

The neuropeptides, such as SP, NKA and CGRP are potent bronchoconstrictors,
whereas VIP, PHM and PHI are bronchodilators. 162u,168h,168,169 The neuropeptides
can also directly modulate the functions of various cell types, the so-called pro- and
anli-inﬂammatory effects. 163u.168h,1681, 168,169t

The neuropeptides in the respiratory tract belong to the neurotransmitters of the so-
called "non-adrenergic, non-cholinergic nervous system” (NANC).163u, 168f,168h-165),
168s This system includes excitatory and inhibitory pathways that are neither adrenergic
nor cholinergic, and this system exists besides the already established cholinergic and
adrenergic nervous systems, where acetylcholine and norepinephrine act as intrinsic
neurotransmitters, 1631,168,168b,168f,168h- 168}, 1685-1681,169¢,169¢,1691,169m,169%, 169y

The neural control of the airways is determined not only by the balance between the
cholinergic and adrenergic nervous systems, according to the classical hypothesis, but
also by the NANC system, as it has been recently confirmed.168f 168s,169d,169¢,169g,165h

The cholinergic (parasympathetic) nervaus system 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,163u.169g.1691 The cho-
linergic nervous system acts through the vagal afferent fibers in and around the airway
lumen, which travel to the central nervous system and then terminate in the efferent
fibers innervating airway smooth muscles. Vagal stimulation induces a diffuse constrict-
ion of the airways to the whole extent. 163,169 Thig effect may be antagonized by atro-
pine and potentiated by acetylcholine-esterase inhibitors indicating that the effect is
mediated by acetylcholine acting on the muscarinic receptors.!631170x The muscarinic
receptors are present in high density in the airways, however their distribution is greater
in the large airways, 1631,170b,170c,170x

In the human lung, three muscarinic receptor subtypes have already been pharmaco-
logically identified (M1, M2, M3). However, five different muscarinic receptor subtypes
are presumed,170b,170¢c,170x

The muscarinic receptor subtypes have been identified by means of specific antago-
nists, such as pirenzepine (M, -selective), methoctramine (M, -selective) and 4-diphe-
nylacetoxy-N-methylpiperidine [4-DAMP](M-selective). The muscarinic receptors of
human airway smooth muscles are mainly of the M -subtype, whereas human alveolar
wall contains the M ~subtype entirely.170¢ The human bronchial submucosal glands
contain both the M, - and the M;-subtypes in 1:2 ratio. The M, receptors are located on
the parasympathetic ganglia and submucosal glands, and facilitate vagal transmission
and mucus secretion.170b,170x The M2 receptors may be present on the cholinergic
nerves and act as autoreceptors inhibiting acetylcholine release. The M,-receptors are
located in airways as well as in submucosal glands and are responsible for the contract-
ion of the airway smooth muscles and mucus secretion, 1631,170b,170¢,170x

The adrenergic (sympathetic) nervous system in the respiratory tract is considered as
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”inhibitory” system, since the stimulation of the beta-receptors results in the relaxation
of the bronchial smooth muscles and dilatation of the airways, 163w, 168s The sympathe-
tic nerve supply to the lung originates from the second to fourth thoracic preganglionic
fibers that end in the extrapulmonary ganglia stellate. The postganglionic fibers enter
the lungs at the hila accompanying the vagus nerves.163u The terminal parts of the adre-
nergic system in the human airways are formed by the alpha- and beta-adrenergic re-
ceptors that are important in regulation of the smooth muscle tone. Both types of re-
ceptors have been localized on various cell types, including alveolar and epithelial cells,
and on the airway smooth muscles, in higher numbers in the peripheral airways, 170d
The beta-receptors appear, however, in higher density than the alpha-receptors,70d

The beta-receptors can be devided into beta,- and beta,-receptors, whose ratio is
approximately 1:3 in the human lungs. The beta,-receptor stimulation resulls in the
relaxation of the bronchial smooth muscles, inhibition of the antigen-induced mast cell
mediator release, release of the surfactant, fluid and protein exchange, ion transport,
and decrease in the cholinergic neurotransmission.163u.168h.168i.168s The alpha-adrener-
gic receptors also appear in two subtypes, alpha, - and alpha,-receptors, whose exact
role is, however, not yet fully understood. The alpha, -receptor stimulation induces
mucus secretion!7%¢ and may augment mediator release from the mast cells.163u
Stimulation of the alpha,-receptors has been shown to inhibit both the cholinergic and
the non-cholinergic excitatory transmission. ! 631,168h, 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.168s The non-adrenergic inhibitory system appears to be the predominant neural
bronchodilatory system in the human lung, 168516811691 Potential neurotransmitters of
this system in the humans include "vasoactive intestinal peptide ” (VIP), peptide histidi-
ne methionine (PHM), and probably also nitric oxide.163u,168h,168i The VIP is not only
a very potent endogenous smooth muscle relaxant, but it also inhibits both the mucus
glycoprotein secretion from the human respiratory epithelial cells1621,168u.170¢ and a
number of cellular functions, such as degranulation and mediator release from the mast
cells,168.168k,168x, 169b g5 well as the activation of macrophages, platelets, monocytes
and T‘l}'ﬂ.‘lPhOC}rtES. 163u,168h,168i,168m, 168u, 168w, 168x,1691,171e PHM is also a potent
smooth muscle relaxant of the human bronchi.168h,1681,169k

The VIP inhibits the human natural killer cell activity, lymphocyte traffic and prolife-
ration, release of T1.-2, and the antigen-induced release of histamine from the guinea pig
lung. 1681.168w,169v The VIP also antagonizes the bronchoconstriction effects of various
mediators, including histamine, PGE, ,, LTD, and neurokinin A.168h.168i,168u

The VIP immuno-reactive nerves have been localized in the airway smooth muscle,
bronchial glands, and pulmonary and bronchial blood vessels. The density of VIP
immurio-reactive nerves is highest in the upper respiratory tract (e.g. nose) and is low-
est in the bronchioles. 1701708 The VIP receptors have been found in the high density in
pulmonary vascular smooth muscles, smooth muscles of the large but not in the small
airways, bronchial epithelium, submucosal glands and in the alveolar walls.!70&

The non-cholinergic excitatory system in the human lungs induces a bronchocons-
triction which is not inhibited by atropine but it is blocked by antagonists to substance
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P.169r The same bronchoconstriction can be caused by capsaicin, a compound inducing
the release of substance P or other neuropeptides from unmyelinated sensory ner-
ves. 16961700 Potential neurotransmitters of this system include substance P, neurokinin
A (NKA), neurokinin B (NKB), and calcitonin gene-related peptide (CGRP).163u,168%
168, 168h, 168t,168w,169d,169j,169m,169p,169w,169y Substance P immuno-reactive nerve
fibers may be found in the neighbourhood of the blood vessels, airway epithelium and
airway smooth muscle cells.168h-168],168r,1682,1691, 170j

The substance P, which is found in increased concentrations at the sites of local in-
flammatory processes,163u,1681,169¢,169m,169w.169x may cause the T lymphocyte prolife-
ration,1686,168x.169b,169u,169v,1711 release of mediators from certain mast cells,1686168),
168k, 168n, 168p, 1695, 169w,170 but not from basophils, 1690 release of proinflammatory and
immunoregulatory substances from macrophages, 16861695 enhancement of phagocyto-
sis by macrophages and polymorphonuclear leukocytes,|68£169m enhancement of the
production of immunoglobulins by B lymphocytes (plasma cells),1690,169v and chemo-
taxis of mononuclear cells and polymorphonuclear leukocytes.163u, 1685 168), 168k, 1681,
169b,16% Both SP and NKA have also been shown to stimulate the release of interleukin-1,
tumor necrosis factor-¢; and interleukin-6 from the human blood monocytes. 169h

Recently, SP has been shown to induce the eosinaphil infiltrates through the degranu-
lation of mast cells in mice,169w

Substance P (SP) induces bronchoconstriction, stimulates the mucus glycoprotein
secretion from the human tracheal glands and has distinct cardiovascular effects, espe-
cially vasodilatation.1682170e,170h,170k

SP has also been shown to increase cholinergic-induced neural responses in animal
airways, probably through the release of acetylcholine.170! However, a comparable effect
of substance P in human airways has not yet been confirmed. The effects of substance P
on individual cell types, also in man, have already been discussed in this section.

Somatostatin, in contrast to SP, has been shown to be able to induce degranulation
both of the mast cells and of the basophils.!69:169b,170

Somastostatin may also inhibit the proliferation of T-lymphocytes, besides its bloc-
king effect on the release of substance P and neurotensin from the primary sensory
neurones. 168x,1695,1692,1711,171n

Another neuropeptide, neurotensin, released from the bipolar sensory neurones,
causes not only distinct vasodilatation allowing influx of various inflammatory cells, but
also induces the mast cell degranulation followed by the release of histamine and other
mediators, and stimulates neutrophil chemotaxis and phagocytosis.168x,169b, 171n

NKA may also play an important role inside the non-cholinergic excitatory nervous
system, 163w168t NKA is co-localized with substance P in sensory airway nerves, 168t
NKA immuno-reactive nerves are prominent in bronchial smooth muscles and pulmo-
nary vessels, and they are also present in trachea, bronchioles and alveoli.165t NKA also
induces the bronchoconstriction of human airways, however, to a higher degree than
substance P.1691 The effects of NKB on the human bronchi have not yet been confir-
med, 1691

CGRP is also co-localized with substance P in the airway nerves.168£168] CGRP
immuno-reactive nerves have been localized in the neighbourhood of ganglia, blood
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vessels within the tracheo-bronchial smooth muscle layers, and underneath and within
the respiratory epithelium. 70m;170n CGRP has been reported to stimulate basal serous
cell secretion and epithelium albumin transport, to modulate acetylcholine and proba-
bly to cause the constriction of human bronchi due to the contraction of the human
bronchial smooth muscles. 163u,170n

The possible 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 may result in the release of
various mediators from various cell types, which then stimulate the vagal afferent nerve
endings in the airway epithelium. This process may trigger not only the reflex 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, production of
mucus, and release of other mediators, factors and constituents from various cell
types.168h,168i

The knowledge concerning the other neuropeptides and their possible effects, espe-
cially in the human respiratory tract, is still limited.168&168i The neuropeptide Y (NPY)
has been found to be a potent vasoconstrictor. However, it does not appear to have a
direct effect on the human airway smooth muscle cells. 16871691, 169p NPY has been
found in human lung and is localized primarily to the blood vessels.17%i NPY is proba-
bly a co-transmitter of norepinephrine. 1691179 The "gastrin releasing peptide” (GRP)
is the mammalian equivalent of the amphibian peptide bombesin. GRP has also been
found in the human lung!70r and may have a number of biologic effects, such as mito-
genesis of the bronchial epithelial cells, contraction of bronchial smooth muscles and
stimulation of the mucus secretions. 168h.1681 Cholecystokinin (CCK) has also been
found in the lung tissue!68h,1681 and this neuropeptide has been shown to mediate
human airway bronchoconstriction *in vitra”.170s

Several studies "in vitre” as well as *in vive” have demonstrated that the neuropepti-
des realize their effects through the activation of specific cellular receptors. 163u.168u,
170a,170g,1701,170,170v

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 NKB interacts with the NK-3
subclass (SP-N) receptor.168h,168i,1691

SP, NKA and NKB are the endogenous mammalian agonists for the NK-1, NK-2 and
NK-3 receptor subclasses. The binding of agonists to the neuropeptide receptors leads
to a series of specific intracellular events.168h.1681 The receptors for the putative peptide
neurotransmitters of the NANC nervous system have been identified both in the human
and in the animal lungs.168h.168i

Further description of particular neuropeptide receptors in detail would exceed the
scope of this text. This topic is reviewed in an excellent manner elsewhere, 168h,165i,1691

An interesting property of the NANC system is its ability for "co-transmission” and
"co-localization” of the neuropeptides. It means that one type of nerve can release va-
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rious types of neuropeptides simultaneously and these neuropeptides can appear at the
same site, which is also called “co-release”.168L169m,170m Moreover, various neuropep-
tides can be co-localized with the classic neurotransmitters of the autonomic nervous
systern, 16851688168y, 169m,169p,171a

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 location of the release and the environment
into which such release occurs, 1685 168h,168i

As in other biological systems, there is a basic functional balance inside the NANC
system upon the participation of the antagonists to the particular neuropeptides168£171b
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 various cell types of the so-called "neuroendocrine” as well as "inflaimmatory” cell
groups and they may be associated with the cellular membranes or be soluble in the
tissue fluids,171b.171e

Most of the neuropeptides have a short life in the blood stream.171b.171e The physical
distance between the point of peptide release, the target cells, and the peptidases type,
are the factors determining the biological actions and effects of the particular neuro-
peptides.163u171¢

There is a variety of peptidases capable of degrading the neuropeptides. These include
neutral endopeptidase (NEP, CD 10) called also "enkephalinase”, peptidyl dipeptidase,
called also “angiotensin converting enzyme” (ACE), various carboxy-peptidases and
aminopeptidases.171¢

Most of the peptidases are not specific for the particular neuropeptides.171¢ 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.171b-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.171b-171e

In contrast, NEP and its effects are inhibited by compounds, such as thiorphan and
phosphoramidon. 163u.1717

ACE, being an exopeptidase removing dipeptides sequentially from the C-terminus, is
also widely located in the body. However, the predominant location of ACE is the
luminal surface of vascular endothelium,!71b.171c and epithelial and neuroepithelial cell
surfaces.1712.171g ACE hydrolyzes the neuropeptides especially in the blood stream,171<
ACE converts the angiotensin I to angiotensin II, inactivates the bradykinin and degra-
des enkephalins, substance P and neurotensin. 171b,171.171g,171h ACE and its effects are
inhibited by captopril and enalapril, which have also been shown to augment both the
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spentaneous and the antigen-induced histamine release from the lung and skin mast
cells and probably also from the basophils.171p

Finally, the mast cell proteases, tryptases and chymase have also been shown to
degrade some of the neuropeptides.!71i-171k The mast cell tryptases and chymase are
capable of degrading the VIP, 171k while chymase, but not tryptase can degrade the
substance P.171i

(5) Various compaunds activating the mast cells and basophils

Finally, there are various other compounds and factors which have been shown to be
capable of stimulating the mast cells 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 bind to specific receptors and induce histamine release from the human
basophils;162m (b) Arginine-rich major basic protein, stored in cosinophil intracellular
granules ,may activate the basophils and mast cells for non-cytotoxic histamine relea-
se;162m (¢) Tonophores, lipophilic compounds, insert themselves into the cell membra-
nes and transport ions across the membrane. The Cat+ ionophore A23187 triggers the
mediator release from the basophils and mast cells in the presence of Cat++ ions in the
medinm;162m.174z (d) Other compounds and factors, such as proteins released by
neutrophils and diagnostic and therapeutic drugs, such as polymyxin B, compound
48/80, polylysine, polyarginine, morphine, tubocurarine, dextran, adenosine triphos-
phate, chymotrypsin, opipids, iodinated contrast media and lastly some physical stimu-
Ii, such as heat, cold, sunlight and mechanical pressure,162m,162z,164z,165g

6. INNERVATION, NEURCPEPTIDES AND NEUROGENIC CONTROL GF THE
NASAL MUCOSA

Various neuropeptides are involved in the neurogenic control of the nasal mucosa
and participate also in various steps of the hypersensitivity mechanisms and processes
arising in that tissue, 168g-168,1691,170¢,170w.171r The knowledge concerning the role of
individual neuropeptides in the mechanisms underlying the particular types of the
human nasal mucosa response to allergen exposure as well as to other stimuli is, howe-
ver, still incomplete. 168¢

[A] INNERVATION OF THE NASAL MUCODSA

The innervation of the nasal mucosa includes not only the classical nerve systems, the
sensory nerve system and the autonomic nerve systems consisting 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, 168[-1681,169x,171s

Recently, evidence has been provided for existence of such neurogenic mechanisms
also in the human nasal mucosa.97x:168s, 171617 1u,171v These mechanisms are 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 neuropeptides play the role of
neurgtransmi tters. 168h,1681,1685,169m,171b,171e, 171r-171v
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(1) Sensory nerve

The sensory nerve supply of the nasal mucosa originates from the trigeminal nerve
(nervus trigeminus), through its branches the maxillary (n. maxillaris) and the ophthal-
mic (1. ophthalmicus) nerves, and from the pterygopalatine ganglion, also called the
sphenopalatine ganglion, located in the fossa pterygopalatina.

One of the ophthalmic nerve branches, the nasocilial nerve (n. nasociliaris) divides
into 4 sub-branches, and two of them are related to the nasal mucosa; the posterior
ethmoidal nerve (n. ethmoideus posterior) supplies the posterior ethmoidal sinus, and
the anterior ethmoidal nerve (1. ethmoideus anterior) supplies the anterior part of the
lateral nasal wall by means of its "rami nasales anterior laterales” and the anterior part of
the septum through its "rami nasales anterior septi”.

The branches of the maxillary nerve supply among others the maxillary sinuses
("rami alvealares maxillares posterior” and branches of the "n. infraorbitalis”, "ramus
alveolaris maxillaris medius” and "rami alveolares maxillares anterior”, with adjacent
"plexus dentalis maxillaris”) and the nasal mucosa through its 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 posterior part of
the lateral nasal wall and ”sep#i” sub-branches supplying the posterior part of the sep-
tum); (b) "n. nasopalatinus” divided into 3 branches, the great palatine nerve (1. palati-
nus major) innervating the hard palate, the middle palatine nerve (n. palatinus medius)
and the small palatine nerve (. palatinus minor) supplying the soft palate; and finally
(c) "rami orbiiales” reaching the ethmoidal and sphenoidal sinuses.

(2) Parasymphatetic fibers

The parasympathetic fibers arise from the superior salivary nucleus (nucleus originis
salivatorius pontis), located in the lower pons, enter the facial nerve (. facialis) and
transfer then to its branch, the greater superficial petrosal nerve (. petrosus superficialis
tnajor) at the level of the 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 (1.
petrosus profundus) from the carotico-tympanic plexus on the internal carotid artery,
housing the sympathetic fibers, and both the nerves together form the nerve of the pte-
rygoid canal (n. canalis pterygoidei) , also called the "Vidian nerve”. The nerve of the
pterygoid canal transverses the canal in the sphenoid at the root of the pterygoid proces-
sus and emerges in the fossa pterygopalatina, where it enters the pterygopalatine gan-
glion(= sphenopalatine ganglion). The parasympathetic fibers have synapses here, and
the postganglionic fibers pass via the branches of the 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 neurons also in the mucosal ”
mucosa. 170z

microganglia”, located in the nasal
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(3) Sympathetic fibers

The sympathetic fibers are derived from the superior cervical ganglion (also called
ganglion cervicale craniale), located on the front of the pracessus costotransversarius of
the second and third cervical vertebra. The postganglionic sympathetic fibers enter,
through the internal carotid nerve (#. caroticus internus) the plexus caroticus internus,
continued as plexus cavernosus, and leaving this plexus as deep petrosal nerve (n. 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 glandular tissues, blood vessels and nasal mucosal
tissue by means of the above described branches of the pterygopalatine ganglion, para-
liel to the parasympathetic fibers.

Concerning the structure of the sympathetic and the parasympathetic system, this
shows not only some similarities, such as the existence of two neurons, one supplying
the preganglion fibers, whereas the other supplies the postganglion fibers; construction
of the fibers, the preganglion fibers having a myelin sheath, whereas the postganglionic
fibers do not; but also some differences, such as the non-existence of secondary and
tertial sympathetic synapses, in contrast to the existence of such parasympathetic synap-
ses and ganglions.!71%1712 The sympathetic fibers do not relay and after arising from
the superior cervical sympathetic ganglion they reach the appropriate sympathetic
plexus directly. 71w

(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, 168h,168i,170.171r, 1715,172a-172¢

Cholinergic muscarinic receptors have been localized in the nasal glands after "in vivo”
administration of 3H-1-QNB (Quinuclidinylbenzilate), followed by dissection and
autoradiography,'71r

In patients with allergic rhinitis, a significantly decreased number of cholinergic
muscarinic receptors in the nasal mucosa has been found , in comparison with the
control subjects.1711,172b,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.171r These results may also
confirm the parasympathetic control of the glycoprotein production by the nasal muco-
sal glands.172d Moreover, histochemical studies have demonstrated some nerve fibers
containing acetylcholine-esterase, in the sub-epithelial plexus!72e 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!72g 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-types in the submucosal glands
and the M to a slight degree also in the wall of the blood vessels in the human nasal
mucosa. The localization 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 o-class (o, and @.,) as well as the B-class have also
been repeatedly demonstrated in the human nasal mucosa, 171r,171s, 172a,172b
Moreover, the existence of a B,-subtype adrenergic receptor has also been confirmed in
the human nasal mucosa.171r In general, the c-stimulation of the nasal mucosa is
mostly excitatory, whereas the f-stimulation is usually inhibitory,!72a

No significant differences in the affinity or density of both the 0, and o, -receptors
have been found in patients with allergic rhinitis in comparison with the control sub-
jects, whereas the density of the B adrenergic receptor has significantly been reduced to
a great degree in the nasal mucosa of the patients with allergic rhinitis in comparison to
the control subjects.!71:172b,172¢ N differences in agonist binding, coupling to G-
proteins or localization of the f-adrenergic receptors have been demonstrated in the
allergic rhinitis patients and control subjects.171r

Afferent impulses from the nasal mucosa are propagated via the sensory fibers to the
central nervous system and give rise to tickling, burning or pain. The afferent 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 neighbourhoad of the blood vessels may probably be involved in the local
axon reflexes,172a,1721,172h

Efferent impulses are propagated via the autonomic, vasomotor and secretomotor
nerve fibers. The vasomotor fibers are both sympathetic and parasympathetic, whereas
the secretomotor fibers are only parasympathetic,!72f

The stimulation of parasympathetic fibers leads to dilatation of the blood vessels in
the nasal mucosa, whereas the stimulation of the sympathetic fibers results in the con-
traction of blood vessels.172:,1726172h-172) However, some investigators have reported
the possibility of the so-called "dual sympathetic innervation” of the nasal blood vessels,
where the o-adrenergic agonists induce a vasoconstriction, whereas the B-adrenergic
agonists induce a vasodilatation, 1715172k [ ater, the importance of the o-receptors in the
control of the nasal blood circulation (volume as well as flow) has been confirmed,
whereas the importance of the B-receptors has weakened.1721

In contrast to the patasympathetic, the sympathetic fibers to the blood vessels possess
the tone. These fibers are numerous in the wall of the 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 volume in the turbinates, the chan-
ges in the relative balance of the autonomic system may rapidly cause considerable
changes in the thickness of the nasal mucosa, especially edematic changes, followed by
changes in the degree of the nasal patency and nasal resistance.172a,172f

In contrast to the blood vessels, the secretory as well as the contractile (myoepithelial)
functions of the human nasal glands are regulated by the parasympathetic fibers.172a,
172t However, since the secretion of the nasal mucosal glands depends, among others,
on the blood supply, the sympathetic nerve fibers may also affect the mucosal glands
indirectly through the innervation of their blood vessels.!72a
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[B] NEUROPEPTIDES AS NEUROTRANSMITTERS IN THE HUMAN
NASAL MUCOSA

As already mentioned, evidence has been provided for the existence of a nun-a.drenf:r—
gic non-cholinergic nervous system, including various neuropeptides as neurotransmit-
ters, also in the human nasal mucosa,1622168h,1681,168y,1691, 169m,169y,1701,1711,1715, 1714,
171v,172¢,172,172k-1722,173,173a-173y,174

Some of the neuropeptides have already 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/g tissue,72m 1.03 + 0.2 pmol/g tissue,172P (2)
Neurokinin A [NKA] = 0.76 + 0,23 pmol/g tissue;172p (3) Neuropeptide Y [NPY] = 3.13 =
0.79 pmol/g tissue;168y,1726,173 (4) Vasoactive intestinal peptide [VIP] = 2.84 + 0.47 pmol/g
tissue; 172t (5) Calcitonin gene-related peptide [CGRP] = 0.45 + 0.3 pmol/g tissue; 1721 (6)
and Bombesin/Gastrin releasing peptide [GRP] = 0.60 £ 0.09 pmol/g tissue.172v

Unfortunately, there is a dearth of information concerning the possible presence of
other neuropeptides in the human nasal mucosa tissue as well as the appearance of
neuropeptides in the nasal secretions, and their possible changes during the individual
types of nasal response to allergen challenge.

Moreover, very few data are available concerning the appearance and concentrations
of particular neuropeptides in the nasal secretions of healthy human subjects and
patients with allergic rhinitis as well as those with vasomotor rhinitis (= non -specific
hyperreactivity component) only.

Tonnesen and co-workers!73v performing the nasal challenges with timothy grass
pollen and methacholine bromide in patients with pollen-related allergic rhinitis, have
recorded substance P in the nasal secretions in concentrations of 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 have failed to include data concerning the
baseline concentrations of substance P (= before the challenges) as well as the description
of the nasal response both to the allergen and to the methacholine in the time-course.

Walker and colleagues!73! have also carried out the nasal challenges with rye grass
pollen, both in patients with pollen-related rhinitis and in control subjects, supplemented
by measurement of the concentrations of substance P (SP), somatostatin 14 (SOM),
calcitonin gene-related peptide (CGRP) and histamine in the nasal lavage fluid before and
after the allergen challenge. They have recorded the following pre-challenge concentra-
tions in the nasal secretions: (a) histamine: 25-35 ng/5 ml in control subjects and 25 ng/5
ml in allergic patients; (b) CGRP: 200 - 400 pg/5 ml in controls and 250-400 pg/5 ml in
allergic patients; () SOM: 5-400 pg/5 ml in controls and 600-1000 pg/5 ml in allergic
patients; (d) SP: 140-180 pg/5 ml in control subjects and 80-130 pg/5 ml in allergic rhinitis
patients. After the allergen challenge in allergic patients, but not in control subjects, the
significant increase has been recorded in concentration of histamine {3-fold) at 15-60
minutes, of CGRP (1.5-4-fold) at 15 minutes to 24 hours, and of SOM 14 (2-fold) at 6
hours, whereas the concentration of SP had not changed significantly. They concluded
that "CGRP may mediate the nasal congestion directly and SOM may be one of the
factors regulating the late involvement of basophils and mast cells in allergic rhinitis”.
However, these investigators have failed to present both the absolute values of the concen-

218

The late nasal response

trations of neuropeptides in the nasal secretions (only the approximate values are readable
from the figures), and the description of the nasal response to allergen challenge.
Furthermore, several nerve fibers containing various neuropeptides have been found in
the human nasal mucosa and some of the neuropeptide -reactive neurons have been iden-
tified in the nerve tracti and/or ganglions related to the nasal mucosa, 169m:171v,173d-173f

(1) Substance P (SP)

Substance P is present in the type C nociceplive sensorimotor neurons.!701-170p,170v,
1715171y, 172b,1721-172p.172w Ty the same neurons, SP is co-localized with the neurokinin
A (NKA) and the calcitonin gene-related peptide” (CGRP).172p:173f SP, NKA and
CGRP can be released simultaneously from the same neuron and their co-release may
then cause either synergistic or antagonistic effects in the target tissue.17361738 [n the
human nasal mucosa, the SP-immuno-reactive nerve fibers are present in high density
on the walls of arterioles, venules and venous sinusoids, and as individual fibers also in
gland acini, near the basement membrane and in the epithelium.172p.172z SP-immuno-
reactive nerve fibers have been found in the walls of arterioles at the junction of the
adventitia and muscular layers and between the smooth muscle cells. 172p SP-fibers
form a plexus around the mucosal arterioles and venules.172p SP appears to be localized
predominantly to the capsaicin-sensitive unmyelinated nerves in the airways.!68h

Tachykinin effects on the target cells are mediated via specific receptors and each
tachykinin activates selectively an appropiate receptor,168h.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.1681.170v [ the human nasal mucosa, the $P-bindi ng sites
have been found in the epithelium, mucosal glands and on the blood vessels (arterioles
as well as venules), whereas the NKA-binding sites only on the arterioles.172p

The NKA binding may therefore indicate the distribution of the NK-2 receptors on
the arterioles, whereas the SP-binding may demonstrate the presence of the NK-1 re-
ceptors on the arterioles, venules and mucosal glands in the human nasal mucosa.172p
No differences have been found in the SP-binding sites between the serous or mucous
cells of the glands.172p

Nociceptive sensory nerves play an important role in the protection of the nasal mu-
cosa.'72p,1736173h Mycosal injury, mechanical or thermal stimuli, or allergen exposure
in sensitized subjects, may lead to the generation and release of a variety of factors, such
as bradykinin, histamin, K+, H+, prostaglandins, leukotrienes, PAFs, which can then
affect the sensory nerve receptors resulting in the sensory nerve depolarization and
nerve impulse generation. 169t 171v, 172p, 173, 175h Depolarization of a single peripheral
axon branch leads to the depolarization of the entire extensively arborized sensory neu-
ron, and central depolarization along the thin, unmyelinated central axon to the central
nervous system.173%173h These type C fibers transmit the nociceptive stimuli due to

pain, itching and burning.!73f The peripheral, branched axons pass near submucosal
gland cells, myoepithelial cells, the walls of arterioles, arterio-venous anastomoses, ve-
nules and venous sinusoids,171v:172p:173g,173h [n these locations, the axons are thicke-
ned into the so-called “neurosecretory varicosities”, representing the neural switch. 173
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 induce a variety of
changes such as vascular permeability, arteriolar vasodilatation, smooth muscle contrac-
tion, and submucosal gland secretion, 169t 171y, 172p, 173g, 173h This local "efferent”
action of the ”afferent” peripheral sensory nerves constitutes the axon response.172p
The dual sensory and motor functions 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 found in the walls of
the arterioles at the junction of the adventitia, in the muscular layers and between the
vascular smooth muscle cells. 172p:172z, A dense plexus of fibers appeared to be present
in the human nasal mucosa. Single free NKA fibers may also be occasionally found near
venules, in the loose connective tissue beneath the basement membrane and between
the epithelial cells. 172 p. NKA nerve fibers have also been found in the nerve bundles
deep in the nasal mucosa 172p, NKA is capable of inducing a distinct constriction of the
smooth muscles in the human airways,168h

(3) Neuropeptide Y (NPY)

The neuropeptide Y is usually located in a subpopulation of the postganglionic sym-
pathetic fibers.169p In these fibers, NPY is stored, together with epinephrine, in large,
dense core vesicles.172172y The NPY containing nerve fibers are mostly concentrated in
the walls of small arteries and arterioles at the adventitial-medial junction or within the
vascular muscular layer.171%:172r Moreover, the venous portions and venous sinusoids
are also supplied by these nerves, to a lesser degree. Some free fibers may also be found
in the adventitia of the small venules between the gland acini.172r

The NPY-immuno-reactive fibers present near the arteriolar vessels form a plexus
around these vessels. 171v.172r, The release of the immuno-reactive NPY can be inhibi-
ted by phosphoramidon or thiorphan, inhibitors of the neutral endopeptidase (“enke-
phalinase”), being a member of the metallopetidases.171b:1716171¢

(4) Vasoactive intestinal peptide (VIP)

The "vasoactive intestinal peptide”, being a neurotransmitter in the postganglionic
parasympathetic neurons, is present along with acetylcholine in the parasympathetic
nerve fibers,169m,171v

Postganglionic cholinergic neurons contain VIP, peptide histidine methionine (PHM),
acetylcholine, choline acetyltransferase and acetylcholinesterase.168h. 1681 The neurons
enter the nasal mucosa via the posterior nasal nerves and innervate the submucosal
glands, arterioles and venules.169m, 171,171y, 1725

VIP is released along with acetylcholine by parasympathetic nerves and it may play an
important role in the regulation of various functions of the nasal mucosa.!72:173 The
VIP-immuno-reactive nerve fibers are located predominantly around the submucosal
glands. 170£1725,172t The fibers contact the acinar glands directly.168t172h,172t However,
some fibers may also be found in the walls of the mucosal blood vessels, venules and
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arterioles, especially in relation to the vascular smooth muscles of arterioles. 172t
Moreover, the binding of single VIP nerve fibers to the vascular endothelium cannot be
excluded, although a precise differentiation between the smooth muscle and endotheli-
um binding of the radio-labelled VIP has not yet been possible.172t The VIP-containing
neurons alse contain a closely related PHM peptide.169m Although VIP, PHM and
acetylcholine are all present in the peripheral neurosecretory varicosities of the postgan-
glionic parasympathetic neurons, the amounts of each released during the neural trans-
mission appears to depend on the nerve impulse frequency.173¢ At low rates, only ace-
tylcholine is released, whereas at high rates, acetylcholine together with VIP and PHM
are released. VIP may augment the postsynaptic acetylcholine - induced secretory res-
ponse in the glands, but it 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 PHM can only be
resupplied by axonal transport from the cell body.!73¢ This process may play a very im-
portant role in the function of the parasympathetic neurons.173¢

(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,1681 172017361732, These neurons
have a dual function, acting both as afferent sensimotor neurons and as efferent regula-
tors of vasomotor function.1686173h The afferent role involves the transmission of the
message of mechanical and thermal stimuli to the central nervous system.!73h

Peripherally, these branched dendpritic fibers are widely dispersed near the blood
vessels and act as the efferent mediators of the axon reflex.1735173h CGRP being a
potent vasodilator, is present in nerve fibers representing the nociceptive sensimotor
nerves that innervate vascular structures (muscular arteries, arterioles, veins and venous
sinusoids).1686171v.172u The CGRP-immuno-reactive fibers form a plexus in the walls
of the small, deeper in the submucosa localized, muscular artioles at the junction of the
adventitia and the muscular layers and between the vascular smooth muscle cells. 168t,
1720 In contrast, the thin walls of venules and venous sinusoids are innervated by indivi-
dual fibers. The single CGRP-containing fibers may also be found between the gland
acini 172u contacting the myeloepithelial and/or submucosal gland cells 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 and tachykinins, such as substance P and neurokinin
A 1686172017361 731730 CGRP is also co-stored and co-localized with substance P in
afferent nerves.168h,1685,1681,170m,170n,170r,1734173g CGRP may also be found in the
trigeminal, nodose-jugular and dorsal root ganglia. 1731 CGRP binds to the specific
surface receptors that are linked via a stimulating G-protein (Gs) to adenyl cyclase, thus
increasing intracellular cyclic AMP concentration in the vascular tissue. 168h,168i,170u

Although the single CGRP-containing nerve fibers have been identified adjacent to
the submucosal gland acini and between the epithelial cells, there is no evidence for a
role of the CGRP in the glandular secretion.170r,172u
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Initial studies of the sensory nerves have been performed using capsaicin. 1681 169t
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. 168t This
compound is known to activate selectively a population of the chemosensitive C-fiber
afferent pathways in the airways.!73k This initiates a cascade of both the central reflexes
and the local release of bioactive peptides from the peripheral branches of sensory ner-
ves. After exposure to a high dose of capsaicin, the largest portions of tachykinins and
CGRP disappear from the nerves in the airways, whereas the VIP-containing nerves and
sympathetic nerves remain unchanged.1682169¢,170m,172m,173g Because of the selective
action of capsaicin treatment on the tachykinin - immuno-reactive and CGRP-immu-
no-reactive nerves, it is likely that these peptides are mainly present in 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 mucosa are very abundant, whereas they are comparatively more sparse in the
human trachea and bronchi.168t

(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,! 73,1731 GRP is
located in the nerve fibers and pulmonary neuroendocrine cells, and can also be detec-
ted in plasma.173n The GRP can act as a neurotransmitter, a neuroregulatory agent, and
as a growth factor in fetal, normal and neoplastic respiratory tissue, 1736173m.173 ¢
The GRP-containing nerve fibers have been demonstrated around the blood vessels and
submucosal glands in the airways of several species including man.!70r GRP has also
been identified in the trigeminal sensory nerves (trigeminal nociceptive sensorimotor
type C nerve fibers) that innervate the human nasal mucosa.!72v- The distribution of the
GRP-containing nerves in the nasal arterial and venous vessels and glands is very simi-
lar, of not identical, to that of substance P(SP), neurokinin A (NKA) and calcitonin
gene-related protein (CGRP).172¥ The GRP binding sites in the nasal and bronchial
epithelium are present on the epithelial cells and submucosal glands.!72v-172z The arte-
rioles are densely innervated by a plexus of GRP-immuno-reactive nerves, which fibers
are mostly concentrated in the neighbourhood of the adventitial border and between
the vascular smooth muscle cells, although some of them may penetrate up to the in-
tima.172v The walls of the venous sinusoids and venules are innervated by individual
fibers.172v Individual fibers can also be found in submucosal glands in close apposition
to both the mucous and serous secretory cells and in connective tissue and beneath the
epithelial basement membrane.172v The deep mucosal nerve bundles containing a po-
pulation of intensely stained GRP-immuno-reactive neurons are usually also located in
the human nasal mucosa. No GRP-containing epithelial or neuroendocrine cells were
identified in the human nasal mucosa.172r.172v

The GRP-immuno-reactive nerves are present between the gland acini of the nasal
mucosa and the GRP binding sites are present on the submucosal glands and epithelial
cells in the human nasal mucosa,!72¥
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The GRP-immuno-reactive material has also been found in the arteriolar vessels in
the nasal mucosa, but no GRP-binding sites were identified on the blood vessels.!71v
172v This finding may suggest that the presence of GRP in a nerve at a given location
does not necessarily indicate that the peptide is active at that site.172v Rather, the pre-
sence of the 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.173f The origin of the GRP-
containing neurons is not yet clearly known,172v

The co-distribution of the GRP, CGRP, NKA and SP may suggest that GRP is locali-
zed in the trigeminal nociceptive sensorimotor type C nerve fibers.172v In the case of
GRP localization to the sensory neurons, the activation of the sensory neuron axon
reflex would lead to the release of GRP near the submucosal glands and the epithelium.
175g, 1730, Moreover, the HPLC results indicate that GRP and human nasal mucosal

GRP-immuno-reactive material co-elute, and that there is only a single peak of extracta-
ble GRP-immuno-reactive material. 172v

[C] EFFECTS OF NEUROPEPTIDES ON THE NASAL MUCQOSA

The neuropeptides have manifold effects on the human nasal mucosa and its parts.

(1) Substance F (SP)

The SP induces distinct vasodilatation and vascular permeability with plasma extrava-
sation, and increases the secretion of the submucosal glands in the human nasal muco-
54,1631, 168g-1681,168n,1701,172p,173£-173h,173s

SP stimulates glycaconjugate secretion without serous cell secretion from the human
nasal mucosa.'72p SP does not affect the lactoferrin release.172p SP is capable of causing
a contraction of smooth muscles in the human airways, however, to a distinctly lesser
degree than NKA. 16!

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 airway epithelial cells and
increases the mucociliary clearance in the maxillary sinuses and in the airways, 168h

SP increases the nasal blood flow, with less effect on the nasal airflow, suggesting an effect
on the resistance vessels, such as arteriovenous anastomoses rather than on the capacitance
vessels.173) This effect is mimicked by neural stimulation and by capsaicin, indicating that
tachykinin release may be an important endogenous mechanism. The nasal challenge with
SP in subjects with allergic rhinitis produces a limited reduction in nasal airflow.173u

{2) Neurokinin A (NKA)

The NKA induces constriction of the smooth muscles and also has vascular effects,
but to a lesser degree than those caused by substance P.172p However, NKA participates
in regulation of the vasomotor tone.168g-1681,173f-173h

NKA also stimulates the lactoferrin release.172p NKA may also stimulate the ion
transport in 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.168h
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(3) Neuropeptide Y (NPY)

The NPY can induce long-term contraction of the arterial smooth muscles this pro-
longed vasoconstriction is not affected either by alpha-1 or alpha-2 or beta-adrenergic
blockade.1721,172x,173,173e NPY may play an important role in the regulation of the
tissue blood flow, especially the blood flow into venous sinusoids.172f The increased
blood flow leads to the filling of venous sinusoids, vascular congestion, swelling of the
turbinates, and obstructed nasal airflow that is perceived as nasal congestion. NPY has
several actions as a sympathetic neurotransmitter.172x It has direct stimulatory effects
on the post-junctional end organs. These effects are slow in onset, but of long duration.
NPY acts through two types of receptors: Y1, which are postjunctional and are linked to
phosphatidyl-inositol hydrolysis, and Y2, which are prejunctional and are coupled to
adenyl cyclase inhibition.1732 NPY potentiates the post-junctional effects of norepi-
nephrine.172x It may also bind to the presynaptic receptors to inhibit sympathetic
neurotransmitter release and to prevent the depletion of transmitters. 172x NPY also
inhibits the post-ganglionic cholinergic transmission at an unresolved presynaptic site.
169p,172r NPY may also antagonize the vasodilatory effects of the neuropeptides released
from the sensory and parasympathetic nerves,168h,1681,1691,172x

The arteriolar vasoconstriction appears to be mediated by a combination of rapid
norepinephrine effects, acting on the alpha receptors, and the slower NPY effects.172x
NPY may therefore have potential as a topical mucosal vasoconstrictive agent.172x,173¢

(4) Vasoactive intestinal peptide (VIP)

The VIP may play an important role in the regulation of the serous cell secretion in
the human nasal mucosa.!72t VIP augments the effects of cholinergic stimulation by
causing selective enrichment of serous cell products in the nasal secretions. 172t The
activation of VIP receptors on serous cells of submucosal glands represents an addition-
al component participating in the parasympathetic reflexes in the human nasal muco-
$2.173d VIP also exerts a potent vasodilator activity independently on the cholinergic
and adrenergic receptors in the nasal mucosa. VIP seems to influence both the blood
flow (arterioles) and the volume in the nasal mucosa(venous sinusoids). 172i,173b
Stimulation of the preganglionic cholinergic neurons in the nervus canalis pterygoidei is
associated with activation of the nicotinic receptors and the release of VIP-like immu-
no-reactivity into the nasal venous effluent parallel to the atropine-resistant vasodilata-
tion. 168t

Increased release of VIP and other neurotransmitters by the parasympathetic mecha-
nism may contribute to the vascular congestion and hypersecretion in the nose.173d

(5) Calcitonigene-related peptide (CGRP)

The CGRP is a potent vasodilator, which has long-lasting effects, 168g168i, 172u,173f-
1731 In human nasal tissue, CGRP binding sites are most dense on the arterial
vessels.172u Tt is possible that CGRP may be the predominant mediator of the arterial
vasadilatation in response to the stimulation of the sensory nerves in the nose and
bronchi, and in this way it increases mucosal blood flow by acting on the resistance
vessels. CGRP may also be an important mediator of the airway hyperemia.168i [n
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contrast, CGRP has no direct effect on the airway microvascular leak.168i

No direct effects of CGRP on the human nasal mucosal secretion have been demon-
strated.! 72+ Although CGRP does not appear to be chemotactic for eosinophils, its
proteolytic fragments may contribute to the eosinophil tissue infiltration.1681 CGRP also
inhibits the proliferative response of T lymphocytes to mitogens and antagonizes the
macrophage secretion and the ability of macrophages to activate the T lymphocytes, 1681

CGRP immuno-reactive material has been demonstrated in the peripheral branched
axons present in the walls of arterioles, arterial-venous anastomoses, venules, venous
sinusoids, near the submuscular gland cells, myoepithelial cells, and in the epitheli-
um.168g171v.1735173h Tn these locations the axons are thickened into the neurosecretory
varicosities.| 731736173 The stimulation of the sensory nerves (mechanical and thermic
stimuli, histamine etc.) induces depolarization, which results in the release of neuro-
transmitters such as CGRP and others 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. 172w,
175£,173g,173h This local effector action of the peripheral sensory nerves constitutes the
so-called “axon reflex response”,172u

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.165i,
1681,170m,170n,1705,1735173¢ since no evidence has been provided for a role of CGRP in
the nasal glandular secretion.!72u

CGRP is probably also released during the allergic responses, because a nasal challen-
ge with allergen, in atopic subjects, leads to a significant increase in the CGRP and
somatostatin concentrations in the nasal lavage fluids, whereas the concentration of the
substance P does not change.1731

(6) Gastrin-releasing peptide (GRP)

The "gastrin-releasing peptide” (GRP) is a potent stimulant of mucus secretion in
human as well as in animal airways. GRP stimulates both the serous cell lactoferrin and
the mucous glycoconjugate secretion from the human nasal mucosa.72v Lactoferrin is
synthesized and secreted by the submucosal serous gland cells. The mucous glycoconju-
gates are complex mixtures of mucous glycoproteins, proteoglycans and other glyco-
conjugates that are derived from the epithelial goblet cells and submucosal serous and
mucous gland cells,172d.172v,173¢

GRP may stimulate secretion not only from the submucosal serous and mucous gland
cells, but probably also from the epithelial goblet cells.172v, 173s

CGP added exogenously is also capable of stimulating the gland secretion "in vitro” 172v
On the other hand, the paossible effects of GRP on the blood vessels in the human nasal
mucosa, such as vasomotor activity or vascular permeability, have not yet been demon-
strated.172v

Based upon these facts, GRP appears to be a neurotransmitter which stimulates the
secretion from the mucous and serous cells of the submucosal glands of the human
nasal mucosa.172v
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(7) Other neuropeptides

There is a dearth of information concerning the possible presence of other neuro-
peptides in the human nasal mucosa and their effects on this tissue.

[D] EFFECTS OF NEUROPEFTIDES ON THE PARTICULAR CELL TYPES

The neuropeptides (NP) have also demonstrated a variety of effects on the various cell
types, such as mast cells, basophils, eosinophils, neutrophils, lymphocytes, monocytes,
macrophages and epithelial cells, particularly on their metabolism and functions, some
of which have a stimulatory character, whereas others have an inhibitory and protective
character.163u,168h-168j,169m,170w,171r,173s

(1) Mast cells. 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,
1622,163u.168f,169,169b.174,174a-174d or the mast cell degranulation resulting in the release
of histamine and/or other mediators, 1622,163u,168f,168x, 169m,170w,171p,174b

However, there are differences and high variances, not only among the particular
neuropeptides with respect to their effects on the mast cells,1622.165u,168£,168h-168k,168x,
169b,169w,170§,173);1735,174a but also in the ability of the particular mast cell types to de-
granulate in response to an appropriate neuropeptide. 1627.163u, 168f,168k,170w,1735,174a

The different ability of various mast cell populations to degranulate in response to the

particular neuropeptides has been reported in the case of the mast cells from various
animals,1622,168a,168£ 168),169,169b,169k,170,1703,171n,171t,174a, 174d between animal and

human mast cells,1622163u,164y,168f,1681-1681,1682,169,169a,169b,169k, 1691,169x, 169y, 170f,
170g,170r,170s,170u,170v.172x,1734,173k, 173m,1735,174a,174,174¢ and even among the human
mast cells located in different tissues (skin, nasal mucosa, bronchial and alveolar tissue).
1622,1631, 164y, 168e,168f,168h, 1 681, 168m1-168p, 168z, 169b, 169x, 170,170a,170k,170m,1725,173k,173n,
173p-1735,174¢-174h

The detailed descriptions of the different responses of particular mast cell populations
of various origins to individual neuropeptides are reported elsewhere, 1622163u,164¢ 168,
169b,170w,173k,174d

The following neuropeptides have been reported to be capable of inducing a degranu-
lation of the human skin mast cell: (a) substance P;1622.168a,168.168£.1681,168n.168w,169b,
174a-174¢,174h,174€ (b) Neurokinin A;174< (c) Neurokinin B;!74¢ (d) Neurotensin;169b (¢)
Somatostatin;1684,169b,170 (f) Gastrin-releasing peptide; 100 (g) Vasoactive intestinal
peptide.158d [n the case of the human lung mast cells, some investigators have reported
the ability of substance P to cause their degranulation, 16241745 174h while others did not
observe such effects.!74¢ However, the latter investigators have used removed human
lung tissue containing carcinoma cells, which cannot be considered as suitable material
for the experiments with neuropeptides from our point of view, 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.18! In the human nasal mucosa, only the substance P has been reported to
induce degranulation of the tissue mast cells.!69b

Generally, there is a dearth of information concerning the effects of particular neuro-
peptides on the tissue mast cells in the human lung 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 found to be capable of indu-
cing the degranulation and histamine release from the human basophils, such as sub-
stance P,1622,174£.174h and somatostatin-14 and -18.1692

(3) Eosinophils. Substance P (SP) has been reported of inducing a degranulation of
eosinophils in guinea pigs.158M:174i [n mice, the subcutaneons injection of SP has led to
the degranulation of the mast cells, followed by the forming of distinet eosinophil and
neutrophil infiltrates. 169w The injection of "calcitonin gene-related peptide (CGRP)
into the human skin has induced eosinophil infiltration.168i

(4) Neutrophils. Besides the already mentioned forming of eosinophil and neutrophil
infiltrates after the subcutaneous injection in the mouse, the substance P has also been
found to increase the adherence of human neutrophils to the vascular endothelium ”n
vitro” 174]

(5) Lymphocytes. In the mouse, CGRP inhibits the proliferative response of T-lym-
phocytes to mitogens and moreover the specific receptors for CGRP have been demon-
strated on these cells.!74k In contrast, the substance P may stimulate the human T-
lymphocytes,168w168x,169u whereas somatostatin and vasoactive intestinal peptide (VIP)
have been shown to inhibit various functions not only of the murine T lymphocytes,! 741
but also of the human T lymphocytes, especially mitogen-induced proliferation, release
of cytokines, a.0. interleukin-2 (IL-2) and natural killer function.168£168u,171L174m

(6) Monocytes. Tachykinins, especially substance P, may also be capable of stimulating
the human monocytes to release some of the cytokines, such as interleukin 6 (1L-6).
L68h,168w,165h VP has been shown to inhibit the respiratory burst in human monocytes
and probably also other functions,!74r since the VIP receptors have been demonstrated
on their surface. 168116911740 Somatostatin and CGRP are also presumed to affect the
function of human monocytes, probably by participation in their stimulation, since the
somatostatin receptors have been found on the surface of these cells. 1681711 However,
these effects have not yet been definitely confirmed.168f

(7) Macrophages. Tachykinins, especially substance P activate the guinea-pig alveolar
macrophages upon involvement of NK2 and NKI receptors.168h:174r Substance P sti-
mulates various functions of the guinea-pig macrophages, such as generation of throm-
boxanes, synthesis and release of lysosomal enzymes, release of leukotrine C, and pro-
staglandine E,, cytokines etc.174s VIP inhibits phagocytosis and superoxide radical
production by rat alveolar macrophages, a process which is associated with stimulated
cyclic AMP production.t68u CGRP also inhibits the macrophage secretion and their
capacity to activate the T lymphocytes.168h, 174t

CGRP has been shown to prevent the the H,0O, production by human macrophages
activated by INF-gamma. 174t

In contrast to the animal studies, there is a dearth of information concerning the
effects of particular neuropeptides on the human macrophages,!31¢,165v, 168h, 1681, 174u

(8) Epithelial cells, 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 may also regulate the mucaociliary clearance, 168h- The high density
of VIP-receptors on the epithelial cells of the human airways suggest that VIP may
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regulate the ion transport and other epithelial functions also in the human airways and
in the nasal mucosa, 170 172s. Substance P, and to a lesser degree also neurokinin A, are
able to stimulate ion transport in the canine tracheal epithelium, indicating that NK1
receptors may be involved in this process.174v SP also stimulates the release of PGE, and
possibly "epithelium-derived relaxant factor (Ep DRF) from the airway epithelial cells.
168h The Ep DRF suppresses the bronchoconstrictor effects of various spasmogens, also
including the tachykinins.168h Moreover, the tachykinins also increase the mucociliary
clearance in the maxillary sinus and in the airways. 1681 Gastrin releasing peptide
{GPR)/Bombesin is an important factor in the epithelial growth, since its binding sites
are present on the epithelial cells and submucosal glands of the human bronchial as well
as the nasal epithelium, 684 172v, 1722, 173¢

[E] NEUROGENIC CONTROL OF THE HUMAN NASAL MUCQOSA

The neural control of the human nasal secretion, edema of the nasal mucosa and na-
sal perception can be summarized as follows. Trigeminal type C nociceptive sensory
nerve fibers contain co-localized substance P (SP), neurokinin A (NKA) and calcitonin
gene-related peptide (CGRP), 168t 171y, 1735-173h.

The stimuli and factors, such as increased temperature, mechanical irritation, cigaret-
te smoke and some chemical compounds such as histamine, bradykinin, capsaicin,
serotonin, formaldehyde, nicotine, hydrogen and potassium ions lead to the neural
depolarization. 173 173h Sensations ranging from prickling itch to severe burning pain
are registered centrally. No single subset of fibers or neurotransmitters may play a 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.! 68t 173g
Nociceptive, neuropeptide containing fibers densely innervate arterial and venous
vessels. They are also present in the submucosal gland acini, in the interstitium, and
extend up to the epithelium.!71v. 172p:172u These nerves play a major role in the control
of the nasal secretions. They form the afferent limb of the central, bilateral, parasympa-
thetic, cholinergic and secretory reflexes.!738.173h. Substance P fibers may also contact
the parasympathetic postganglionic cell bodies.1732.173h. This connection may produce
a direct reflex between the afferent nociceptive fibers and the parasympathetic neurons.
Upon stimulation, the nociceptive C fibers may also locally release their combinations
of neuropeptides by axon reflex mechanism in the neighbourhood of the blood vessels,
glands and other structures to induce the vasodilation and gland secretion.173s173h [
the human nasal mucosa, substance P may induce distinct vascular permeability and
gland secretion, NKA may have little or no effect, and CGRP may induce arteriolar
dilation and increased blood flow.172p.172u. A variety of antagonistic or synergistic
effects may occur, since the co-localized neuropeptides are released together, 1681695

The parasympathetic nerve synapses are localized in the pterygopalatine (sphenopala-
tine)ganglion. 171%171y These neurons release acetylcholine, VIP and PHM.168h. 168,172t
The VIP containing nerves are present near glands and in the walls of the blood vessels.
171u,172t, Parasympathetic nerves control the glandular secretion. 1721725172t [P
stimulates secretion of the serous cells to a higher degree, than that of the mucous cells
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 mucosa is limited, as atropi-
ne treatment inhibits the reflex-mediated secretion "in vive” 174w

The sympathetic neurons contain the vasoconstrictors norepinephrine and neuropep-
tide Y (NPY).1716172x NPY fibers are present in the walls of arterioles, arteriovenous
anastomoses and other vessels.168y:169p:172r NPY binding sites are located on the arte-
rioles and arteriovenous anastomoses, which in fact may support the important role of
NPY in the regulation of the vascular tone. 171v:172r Sympathetic impulses contribute to
the nasal cycle by a periodic increase in the blood volume in the local mucosal capillary
network, combined with unilateral nasal obstruction accompanied by the vascular col-
lapse, macromolecule secretion, and nasal patency.172a.172f Removal of the sympathetic
innervation, local anesthetics, and vasoconstriction disrupt the nasal cycle. Release of
NPY from the sympathetic nerve endings near the arterial vessels usually leads to a
long-lasting vasoconstriction with collapse of the venous sinusoids.!72r These vascular
effects in combination with passive elastic recoil forces may result in the thinning of the
nasal mucosa accompanied by a transudation of the interstitial fluid into the nasal
cavity,171%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 would lead to arterial vasodilation, filling of the venous structures, plasma extrava-
sation and glandular secretion. Increased vascular filling would thicken the nasal muco-
sa and in this way lead to a nasal obstruction, 171¥ The extravasation of the plasma
water and proteins, glandular secretion, and the increased vascular permeability would
then replenish the surface macromolecules and lead to increased protein secretion being
observed during the obstructive phase of the nasal cycle. The goblet cells of the nasal
epithelium may function continuously, but they may also respond to various stimuli.
172L173s Such coordinated cycling of the sympathetic and parasympathetic discharges
could lead to the synchronous, bilateral nasal cycle.173s

[F] NASAL PROVOCATION TESTS (NPT) WITH NEUROPEPTIDES AND
RELEVANT/RELATED COMPOUNDS AND AGENTS

(1) Neuropeptides and capsaicin

The effects of some neuropeptides and relevant compounds, such as capsaicin, on the
human nasal mucosa have also been investigated by means of the nasal provocation
tests in control subjects and patients with allergic rhinitis.171,1731,175,175a-175¢ However,
the papers concerning this topic are not numerous.

Miadonna and colleagues,! 730 studying the effects of substance P after intranasal cha-
llenge in 5 patients with pollen-related rhinitis and 5 control subjects, did not record
any clinical symptoms or changes of the nasal resistance in any of the subjects tested, up
to 20 minutes after the challenge. In contrast, all these subjects, the patients as well as
the control subjects, developed a wheal and flare reaction after the intradermal injection
with substance P. The investigators have explained the different responses of the skin
and of the nasal mucosa by possible heterogeneity of the mast cells located at these
different sites.
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Petersson and co-workers,1752 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 increased nasal secretion. In con-
trast, Devillier and colleagues,173u investigating the effects of substance P on the nasal
mucosa in 17 rhinitis patients and 14 control subjects, have recorded a significant in-
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 molar basis.Substance P was 375-500-fold more potent than
methacholine hydrochloride. The pretreatment with oxytropium bromide in 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 mucosa and causes local vasodilatation; - substance P is approximately
500-fold more potent than methacholine bromide in increasing the NAR; - substance P
causes greater increase in NAR in rhinitis 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,173x performing the nasal challenge with capsaicin, substan-
ce P (SP) and CGRP in man, have not observed any effects of SP or CGRP on the
human nasal mucosa, especially on its secretory function. However, they have recorded
a dose-dependent increase in the nasal secretion volume by capsaicin, in doses of 1-100
mcg. Capsaicin seemed to be 200-times more potent than methacholine. Additionally,
capsaicin also induced sneezing, intense nasal burning and pain in the subjects studied.
Moreover, they have also reported that ipratropium bromide, indomethacin, dexch-
lorpheniramine and lidocaine did not alter the nasal secretion volume. They have
proposed that capsaicin may induce the secretion in the human nasal mucosa primarily
through the local release of neuropeptides from the peripheral terminals of the primary
sensory neurons, whereas they have also reported that the local application of the SP
and CGRP did not reveal any secretory response,

Stjarne and colleagues! 73)» have carried out nasal challenges with capsaicin, nicotine
and methacholine bromide in three groups of subjects: healthy subjects, patients with
rhinitis due to the non-specific hyperreactivity [NS-H] to a moderate degree (sneezing,
hypersecretion and/or nasal obstruction)and patients with a very pronounced non-
specific hyperreactivity, all of them being without atopy or allergic disease history.
Capsaicin applied unilaterally in doses 0f 3.3 x 10-6 te 3.3 x 10-3 M, in a volume of 50 pl
of saline, has induced the dose-dependent increase in the nasal secretion. The control
subjects and patients with mild non-specific hyperreactivity responded similarily, whe-
reas patients with a pronounced NS-H responded with a larger nasal secretion volume.
The ipsilateral capsaicin effects could be blocked by simultaneous administration of
both intramuscular atropine plus 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 an afferent limb (sensory nerve
depolarization) and an efferent limb (cholinergic discharge).173s
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Unfortunately, the role and effects of particular neuropeptides, and the neurons,
fibers and nerves expressing them, on and in the physiologic and still more in the
pathologic processes in the human nasal mucosa have not yet been satisfactorily clari-
fied. 168h.168i,169m,171r,171v,1735.175¢

Furthermore, there is a dearth of information concerning the possible role of the
nervous system and particular neuropeptides in the allergic reactions (ALL) and in the

non-specific hyperreactivity reactions (NS-H), in the human nasal mucosa. 331715,
171v,173s,175¢

(2) Relevant/refated agents

However, some evidence has been found of the possibly predominant role of neuro-
peptides in the nonspecific hyperreactivity mechanisms in the human nasal mucosa,
rather than in the nasal allergy,35¢.1735175d-175g,175v This evidence has been gathered
from the nasal challenge studies with histamine,?3¢978.1756175£175t methacholines,
356,978,173u,173x,175g,175§-175L,175p-1755,175u bradykinin,85d,169t175s,175w,175y,1752,176,

176a-176¢ Sero‘tonin, 176c ﬂnd mld air_ 175e, 175m,175x

fa) Histarnine

Histamine applied onto the nasal mucosa of the patients with NS-H in the nose may
induce a dose-dependent nasal response consisting predominantly of nasal secretions,
itching, sneezing, and to a lesser degree nasal obstruction due to its direct action on the
mucosal vascular bed.!73s,175k175p-175s The effects of histamine on the nasal secretion
and its composition have been studied by several investigators.97e:97h,175L175p, 175t

Histamine stimulation of the human nasal mucosa has produced an increase in ipsi-
lateral secretions of the total protein, albumin and non-secretory IgA.175p The ratio
albumin-total protein is an indicator of vascular permeability.!73s Unilateral histamine
provocation did not induce albumin secretion from the contralateral nostril.175p

Histamine can also produce limited contralateral protein secretions, containing ele-
vated concentrations of the glandular slgA.175p Topical pretreatment with an antihista-
mine (H, -receptor antagonist) has completely abrogated the ipsilateral nasal secretory
response to histamine,175m,175p,175t. Topical pretreatment with atropine {a muscarinic
receptor antagonist) did not affect significantly either the ipsilateral nasal secretions or
the capacity of histamine to stimulate the contralateral secretions.173s175p.175t These
results suggest that histamine may stimulate 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
glandular secretions.173s.174w, 175k, 175n,175¢

These data also indicate that histamine may directly induce ipsilateral vascular perme-
ability and indirectly stimulate the ipsilateral pland secretions and the contralateral
gland secretions. '73s:175p The vascular permeability may predominantly be a result of
the direct action of histamine on the vascular H, receptors.175n The sensory nerves may
be stimulated by H1I receptor activation and the neuropeptides which may then be
released, partly due to the direct H1-receptor stimulating activity and partly via the
axon response mechanism, could contribute to the induction of vascular permeabi-

231



The late nasal response

lity. 1735, 174w, 175g,175k,175m,175p,1756,175t However, the axon responses have not been
detected with respect to the overwhelming vascular effects of the H  -receptor stimula-
tion in the human nasal mucosa.1735175n

The H, -receptors probably mediate the stimulation of the sensory nerves resulting in
the bilateral parasympathetic reflexes.173s175f,175h,175n,175t The central, cholinergic
reflexes probably dominate in the mediation of the glandular secretions, since histamine
did not directly induce significant gland secretions in the human nasal mucosa "in
vitro™ . 1738,175k

On the other hand, the role of H,-receptors in the vascular effects of histamine on the
human nasal mucosa is probably not exclusive with respect to the observations of other
investigators, 1751 who reported the significant protective effects of the H, -receptor
antagonist on the histamine-induced nasal symptoms and nasal secretions (increased
protein and albumin concentrations), but with no effects on the blood flow or other
micro-circulatory aspects of the nasal mucosa.75 They have concluded that the vascu-
lar effects of histamine on the human nasal mucosa are not mediated exclusively by the
H-receptors. This observation might support the additional direct participation of the
sensory nerves, besides the already mentioned stimulation through the H, -receptors, in
the vascular effects of histamine on the nasal mucosa. Furthermore, the role of some
neuropeptides in mediating the effects of histamine on the human nasal mucosa may be
supported by the observation of Majchel and colleagues, 17> who 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 not affect the mucosal mast cells.

(b) Methacholine

Another compound, frequently used for the demonstration of the "non-specific
hyperreactivity” of the human nasal mucosa, is methacholine,358:35¢,97,1735,1731,1754,
175g,175j-175L,175n-175u Methacholine induces, through the parasympathetic (= choliner-
gic) stimulation, a dose-dependent increase in the human nasal secretion, and sneezing,
however, to a lesser degree than histamine. !73u,173%, 175d The capability of methacho-
line to induce the nasal obstruction in humans seems to be a controversial issue. Some
investigators did not observe any nasal obstruction in humans due to the methacholine
challenge,!75%:175s whereas others have reported the appearance of a limited nasal ob-
struction caused by methacholine.1751:175r Qur results 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 than histamine,338-35¢ and even in patients
with rhinitis complaints without any participation of an allergy component and with
non-altered reactivity to histamine.3%a-35¢ Qur results are in agreement with other
investigators’ observations, 17311755

Methacholine directly stimulates the muscarinic receptors.175k Methacholine has
been shown to increase significantly not only the total protein and albumin, but also the
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lysozyme and lactoferrin concentrations and their ratio to the total protein, in human
nasal secretions. These methacholine effects can be inhibited by atropine (= a muscari-
nic receptor-antagonist),®7g173d.173s, 175k or by ipratropium bromide.175¢

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 submucosal glands and possibly also from the epithelial and/or goblet cells.
173 The vascular processes, such as vascular permeability were not significantly af-
fected.173s The binding sites of the muscarinic receptors of type M1 and M3 have been
demonstrated on the submucosal glands and epithelium of the human nasal mucosa. 1722

(c) Bradykinin

Another compound which is frequently used (mainly for research purposes), for the
non-allergic stimulation of the nasal mucosa is bradykinin.85d,169t,175w,175y,
1752,176,176a,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, 175w and also conjunctival injection, discharge and throat
dryness and itching.!75%:176 The latter symptoms may probably be caused by bradykinin
stimulation of the sensory nerves.176 Bradykinin may act upon receptors on the smooth
muscles of the nasal mucosa capillaries (arterioles, veins, venous sinusoids) to induce
their vasodilatation followed by the increase in vascular permeability, since the binding
sites for bradykinin have been identified at these sites.85d * I vitro”, bradykinin stimula-
ted glandular secretion from the cultured human nasal tissue.173s This stimulation was
inhibited by the bradykinin antagonists and inhibitors of the arachidonic acid derivati-
ves.173s Stimulation of the sensory nerves by bradykinin can lead to the local release of
substance P and other sensory neuropeptides and it also induces the cholinergic re-
flexes.1752176b The above mentioned data suggest that bradykinin may act upon the
vascular walls to induce the capillary dilatation and vascular permeability, that bradyki-
nin may stimulate the sensory nerves, a process leading to the parasympathetic reflexes,
and finally that bradykinin may probably stimulate the production and release of some
arachidonic acid metabolites which then affect the mucosal gland secretion. However,
there is still a dearth of knowledge concerning the latter part of this hypothesis.1735,175w

(d) Serotonin

Sometimes serotonin is also used for confirmation of the "non-specific hyperreactivi-
ty” component in the human nasal mucosa. Serotonin, stimulating the sensory nerves,
176¢ induces increased nasal secretion, which is dose-dependent. The sensory nerves
stimulated by serotonin lead, through the axon reflex, to an increased release of sub-
stance P, which concentrations in the nasal secretions also significantly increase in a
dose-dependent manner.!73s Interestingly, the nasal secretion induced by serotonin can
be inhibited by atropine, which effect may indicate the participation of cholinergic
reflexes and mechanisms.173s.

(e) Cold air
Finally, the challenge of the human nasal mucosa by cold air also causes a nasal res-
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ponse. In the development of this nasal response, besides the already reported direct
effects of cold air on the mucosal mast cells and/or basophils, the stimulated mucosal
nervous system and neuropeptides may probably also participate,!75¢ 175m,175x The
same suggestion may also be applicable for the human nasal response to challenge with
the hyperosmolar environmental factors.175¢

[G] STIMULATION OF SYMPATHETIC AND PARASYMPATHETIC NERVES

Stimulation of sympathetic (adrenergic) nerve fibers leads to the release of various
neuropeptides which then affect alpha - as well as beta - adrenergic receptors in the
human nasal mucosa.!73s These receptors participate in the regulation of the blood flow
in the nasal mucosa.173

Stimulation of the parasympathetic (cholinergic) nerves leads to the activation of the
muscarinic receptors located predominantly on the nasal mucosal glands.!71% 1728 The
muscarinic receptor stimulation by methacholine induces significant glandular secre-
tion both "in vitra” and ”in vive”, confirming the hypothesis that the muscarinic recep-
tors are stimulated directly.175k Histamine induces predominantly vascular permeability
“invivo”, but causes some glandular secretion as well. 175k However, ”in vitro”, histami-
ne has no effect on the glandular secretion, which may suggest that histamine acts pre-
dominantly on the nasal vascular bed and only affects the glandular secretion through
the reflex actions.175k 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 human nasal mucosa produ-
ces a prominent reflex-mediated sneezing, itching and glandular hypersecretion, 175t
Moreover, some investigators have demonstrated that the reflex-stimulated glandular
hypersecretion also involves a cholinergic stimulation of the submucosal glands. 74w

[H] NERVOUS SYSTEM, NEUROPEPTIDES AND THE "NON-SPECIFIC
HYPERREACTIVITY" OF THE HUMAN NASAL MUCGCSA

The above discussed results and facts are highly suggestive of the important role of the
nervous system and neuropeptides in mediating the so-called "non-specific hyperreacti-
vity” of the human nasal mucosa,?-5:33a-35¢

The non-specific agents, of mechanical, physical or chemical type, stimulate the mu-
cosal sensory nerves, a process which then leads to the development of the reflexes, such
as axon reflex and parasympathetic reflexes, resulting in the rapid release of various
neuropeptides.! 735

The neuropeptides may then affect: (a) the mucosal mast cells and/or basophils,
inducing the mediator secretion directly or through the previous degranulation of these
cells,1622,169m,171v,174d,174e and/or (b) the mucosal capillary network inducing the
vasodilatation and vascular permeability,171v.173s and/or (c) the mucosal glands, indu-
cing the increased secretion.171v,1735,173x,175k

However, no defailed data are available as yet to demonstrate the ratio of participa-
tion of the individual reflexes, 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
some of our findings and results,352-35¢.72h

The nasal response to the challenge with histamine, and/or methacholines, in patients
with rhinitis due to the non-specific hyperreactivity component, develops very rapid-
ly,358,72b ]t appears within seconds and disappears within maximally 30 minutes.35a,72b
In contrast, the immediate nasal response to the allergen challenge (INR), due to the
IgE-antigen interaction followed by release of various mediators from mast cells 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).35%72b

The nasal 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 appears to a slighter degree 35%35¢,35 [ contrast, the INR to
allergen challenge is accompanied by edema of the 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 mucosa is usually hyperaemic and
covered by abundant transparent watery secretions with a low viscosity and a low
density weight containing only very few cells, particularly epithelial cells and sporadical-
ly eosinophils and/or (rarely) neutrophils. In contrast, during the INR to allergen
challenge, the nasal mucosa is more violaceous and covered by a moderate amount of
less transparent and tougher nasal secretions, containing various cell types, predomi-
nantly eosinophils, neutrophils and epithelial cells.35b, 35¢, 72b.

Alpha-sympathomimetics (e.g. xylomethazoline hydrochloride) are capable of par-
tially inhibiting the human nasal response due to the NS-H, whereas they are fully
ineffective in the case of the INR.720

We have 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 of the NS-H component and the allergy compo-
nent in their nasal complaints.3-> Moreover, the existence of the nasal response types,
different from the INR, such as late 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 above discussed facts, mechanisms and hypotheses, the secretion of
some factors as well as the degranulation of the basophils and mast cells followed by
release of their mediators and other factors, and the further steps induced by them, may
follow different pathways and modifications.4:34,36,415,42-44, 484, 51,512,515,62,83,85b.85¢,
94,96e,96f,128a,131a-131¢,131¢,1362,136b,156,1561,156m,156t,162d,162m1,162z, 163u, 164a-164c,164e,
1641, 164r,1641,164w,164y,165b, 165d,165¢,165g:166c,17 v, 1735,174,174a,174g,176d-176y,177,177a-
1772178y, 1782

7. CONCLUSIONS AND PERSPECTIVES
Should these mechanisms, or at least some of them, be confirmed later, then the sig-
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nificance of the basophil and/or the mast cell for the late reactions will evidently increa-
gp 4.11¢,25,35e.41b,42 43.54,72,724,72¢,971,131a,164n,1 641, 1 64w, 1 65g,166m-1661,1778 Such a role
of basophils and/or mast cells will be a very important contribution to the understan-
ding not only of the mechanisms underlying the late type reactions but also of the
pharmacologic modulation and control of these reactions by various drugs, and of the
pharmacologic effects of particular drugs especially those of disodium cromoglycate,
corticosteroids and nedocromil sodium,11:12,14, 35¢,40c-40£41b,464,732,975,97,121¢,121d,
123,124,124a-124d,125, 125a-125¢,176,176j,1765,176u

These pathways and mechanisms would then probably also contribute to the explana-
tion of why increased serum concentrations of IgG sub-classes but no positive specific
IgF antibodies have been found in most of the patients suffering from allergic rhinitis
due predominantly to the LNR, or why no specific IgE but increased IgG and IgG sub-
classes have been found in the patient’s serum during the positive LNR, 2:415,86.90

Nevertheless, our findings of increased serum concentration of total IgG antibodies
and changes in the particular 1gG sub-classes during the large number of LARO%6> and
during certain cases of LNR41b (while the positive specific IgE antibodies in the serum
were found in only a small number of LARs and INRs), might suggest the possible
involvement of IgG antibodies in the LAR and probably also in LNR. From this point of
view our results are in agreement with the findings and conclusions of Pepys and co-
workers!elc and other authors as well as with results of our previous studies.! 216,681,684,
68e,68,72b,1 215,176k

The suggested role of the IgG antibodies, which might activate the basophils and/or
probably mast cells either directly, e.g. 1gG interacting with an antigen and forming the
IgG-antigen complexes binding then to the medium-affinity FcyR surface receptors,
128b,131e,132a,156,156¢,161h, 1611,162m,154,164a-164¢,1653,165b, 165 ,165f or indirectly through
the alternative mechanisms discussed above, would also be helpful in explaining the
findings of increased TgG antibodies in the serum of some patients with bronchial
asthma and developing an immediate asthmatic response to allergen challenge, descri-
bed by some investigators130a.131,161t a5 well as by us,253,63-65.686,680,69 and subjects
with allergic rhinitis, developing an immediate nasal response. 241214410 Such mecha-
nisms would also explain the results of our previous studies, in which in only 30% of
the patients developing an immediate asthmatic responses8e68£69,176k and in only 24%
of subjects demonstrating an immediate nasal response to allergen challenge, 29410 po-
sitive specific IgE antibodies to the same allergen (positive RAST) have also been found.

B. "LNR” AND "IMMEDIATE HYPERSENSITIVITY” [TH]

1. DEFINITION OF "LNR" AND “IH"

The classically understood immediate hypersensitivity (Type 1 allergy) is mediated by
IgE antibodies and the mast cells 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 involvement of the “immediate
hypersensitivity”, including the IgE antibodies, mast cells and/or basophils, also in the
“late type reactions”, such as late skin response (LSR),177,177a-1776,1775,178 Jate asthmatic
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response (LAR)42-44,51,51a,51d,96¢,96f,162d,176n,176p,177d-177£,177},1775,1776,178a and late
nasal response (LINR)3344,975,97u,176s, 177g,177h This assumption has been based predo-
minantly on the earlier results of Solley and co-workers,177:177i Dolovich and collea-
gues'?7i and de Shazo and co-workers,177%178¢ who have studied the late skin response
and suggested the pivotal role of the IgE antibodies and the mast cells in both the
immediate and the late skin response. In contrast, no similar changes have been obser-
ved either in the bronchial mucosal membrane during the LAR!62m163k.163y or in the
nasal mucosa during the LNR.411,96,97,97£971,97n,97u Furthermore, other investigators,
studying the skin biopsy during the allergen-induced late phase cutaneous reactions,
have described changes differing distinctly from those reported by the above referred
authors. 1772

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!2,65.66,72b
Moreover, there is some evidence against such a comparison, 11¢,14b,415415,45,46,512,61-
68,68a-68,71,72,72a-72¢,96g,161i,162b

Furthermore, despite a certain relationship and correlation between the skin tests and
the skin response on the one hand and either the bronchial allergy and the bronchial
response or the nasal allergy and the nasal response on the other hand, the results gene-
rated on the skin cannot be applied to the bronchial tree or to the nasal mucosa without
limitations.3»4:12:41b,46,512,61,65.66,68,683,68¢.69 The limitations are determined not only by
the distinct anatomic, pathophysiologic and immunologic differences among these
organs, but also by the differences in their response patterns.51,65,66,69,131a,162,177,178b

In our previous studies the possible correlation between the late skin response (LSR)
and either late nasal response (LNR)2:7:12,16:41a-41d,41i,72,72a-72¢ or Jate asthmatic re-
sponse (LAR)61,64-68,68a-68g,121e,121f a5 wel| as between the immediate skin response
(ISR) and either immediate nasal response (INR)2:3:%11.11d,11,411,71,723,72b or jmme-
diate asthmatic response ([AR)62.62,70,176k has been analyzed. The positive ISR has been
found in 70% of TNR cases, whereas the positive LSR in 65% of LNR. The positive ISR
has been recorded in 68% of IAR cases, while the positive LSR in only 60% of LAR
cases. However, none of these correlations has achieved statistical significance. The
histologic findings in the nasal mucosa biopsies, having been performed by us during
the basic types of the nasal response to allergen challenge,?6:97.972 among others during
the LNR96:97, represented principally different processes. Skin biopsies taken from the
site of the isolated immediate or isolated late skin reaction to inhalant allergens, in other
subjects, had demonstrated changes which were not comparable with any of the fin-
dings in the nasal mucosa (unpublished data). With respect to our data, the comparabi-
lity and compatibility of the late skin reactions with the late asthmatic or late nasal re-
sponses should be seriously 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 main role of the classical immediate hypersensi-
tivity mechanism in the late type reactions, including LAR and LNR, is, nevertheless,
growing.11¢-110,11},12,16,25a,40c-40f,41a,41¢,41£,41i,45,51a-51¢,61-68, 68a-685,70,71,72,72a,
72b,92,952,96,96g,96h,97,97,1211,1242-124d,131,131a,131£133,136d,148,161c,162b,1621,163k,163s,
168h,168i,177g,178b-178h
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Atkins#5 has concluded that responsibility of IgE-mast cell interaction for the late-
phase bronchial responses seems unlikely. Walsh et al148 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 Qther investigators did not record any
correlation between the antigen-specific IgE and the late asthmatic response.61-66:68.96g,
162b

Lemanske and Kaliner®!# as well as Sheth and Lemanske51d have concluded that
"talen together, these observations suggest that immediate and dual responses are
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 may involve 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 of organ responses” ta challenge with inhalant allergens, such as
“immediate asthmatic response (IAR)36.:20k86p,129,145,161 616261771 "immediate nasal
response” (INR)352,36,55,78,79,83.85,975,97t *immediate skin response” (ISR),36:50,129
having been described by various investigators and also analyzed extensively in our pre-
vious papers.2-48-11,11¢,14,68a,68¢, 686,69, 71,72h,72d,121h,176k The antigen-specific IgE
antibodies alse play a central role in the immediate type responses in the bronchial tree,
105-111,111a ip the nose,26:37:38,40,40a,41 41e and on the skin1176:117f dye to the food

ingestion challenge, as we have previously reported.

[B] “IgE” and "LH"

On the other hand, the antigen-specific IgE antibodies have also been suggested to
play a main role in the mechanism(s) underlying the so-called "late type responses”,
such as "late asthmatic response” (LAR)42:51,96e,96},162d,177d,177j, 177t "Jate nasal res-
ponse” (LINR)32:33:42,51.55 and "late skin response” (LSR)42:51,177.1774,177i due to the
allergen challenge.

Some investigators have presumed the participation of IgE antibodies in the LAR, 42
43,51,96¢,96),96p,162d,177d,177) LNR 32:33,42,51,55 and LSR42:51,51a, 1768,177a,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”.42:43,48,49,51.51a,
53,54,91,91y,96£127,128,138,139,146¢,149,152,153,162a-162d,1620,162x,165¢,174,177d,177u
Cochrane and colleagues,127:128 Henson,146¢.152 and Froesel65¢ have proposed that IgE
antibodies in animals may act as the essential trigger for the increased vascular perme-

238

The late nasal response

ability, which then promotes the vascular localization 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 means of their triggering effects for increased vascular permeability
through the neutrophils and platelets, as well as by some mediators (PAF, NAT, NCA)
released from the basophils after the IgE-antigen interaction has occured on their mem-
branes.1791

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’.4%:965,96h,162b,178b,178¢,1781,178] Atkins4S has concluded that responsibi-
lity of TgE-mast cell interaction for the late phase bronchial responses seems unlikely,
Zweiman and co-workers?62.162b have not recorded an increased titre of the antigen-
specific IgE antibodies in the serum of patients during the LAR. Lam and colleagues96h
did not find a correlation between the specific TgE and TAR. Zetterstrom,178b regarding
his data gathered from the late cutaneous responses, has concluded that activation of
mast cells and/or basophils by IgE-independent mechanisms, upon involvement of
inflaimmatory mechanisms, such as releasing factors, neuropeptides, kallikrein system,
PAF and prostaglandins may probably play a more important role in the development
of the "late type responses” than the IgE antibodies. Lemanske and Kaliner,51a compa-
ring various research data, have concluded that the mechanisms underlying the isolated
late pulmonary response to 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 causing the clinical late nasal response (LNR) have been found
by us in only 9%, whereas the total IgG antibodies in the serum had increased in 51% of
the subjects developing the LNR.12:14,25a,41b,411,72b No significant changes in 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 by us in only a small number of patients (12.5%) and without any
changes in their concentration, while the total IgG antibodies have been recorded in NS
in 45.8% of these patients and in 33 % of them the initially increased total IgG antibo-
dies decreased during the LAR and then recovered within 12 to 24 hours after the LNR
resolution 41bA1¢ 416414,72b

The positive antigen-specific IgE antibodies to foods have been demonstrated in only
1.5 % of patients developing a positive LNR to food ingestion challange,26.40.40a41

In patients developing a "late asthmatic response” (LAR) to allergen challenge, the
positive antigen-specific IgE antibodies to the same allergen as that causing the clinical
LAR, have been recorded by us only in 2.8%, whereas the concentration of total IgG
antibodies had increased in 71%, and of IgM in 54% of these subjects. In addition, va-
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rious changes in the concentrations of the particular IgG-subclasses have been recorded,
IgG1 had increased in 11%, IgG3 in 23% and IgG4 in 71% while IgG2 had decreased in
8604 Uf thcse subjcc LS'SI-(‘)S.GBQ.GEIJ‘GS{, 121€ 121h

[D] ISOLATED FORMS OF LATE TYPE RESPONSES

Moreover, some investigators have even postulated that the "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.42
173w,176m-176p.177] This is the reason why these investigators have introduced the terms
“early-phase” and "late-phase” of the allergic reactions, implicating that both phases
belong to and are parts of one process. Furthermore, they have also presumed that both
the early and the late phase are mediated by antigen-specific IgE antibodies.

Our results 7:16,19,40,41,61-68,97,109,121,121h,178¢ in agreement with other investiga-
tors'findings,26h.161¢,178k-178n would not confirm this hypothesis, on the contrary, they
would exclude it. We have repeatedly recorded and reported the isolated forms not only
of the late nasal response,7:12,14b-14g,15,16.19,40d-40£,41b,411,724,97 ate asthmatic response,
61-66,68.68a-68g,12Le,121h.178¢ and late skin response,12:14:-41b411.65,66.72a,97,121g,178¢ but
also of the immediate nasal,8-11. 18,71, 72a, 72d, 97a gsthmatic,68b.68668.70,176k and skin
responses,®11,:69,72d, 97a and even isolated forms of the delayed nasal,7:1%:13a-15¢,411,96
asthmatic,70b-70d and skin responses,?:13.134,13b,70b-70d dye to the challenge with
various inhalant allergens. The isolated forms of the nasal,26-40-40a,41,41e,117b,117h
asthmatic105-111,117b and skin responses26-41 have 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 of the so-called "dual asthmatic respon-
ses”, by Disodium cromoglycate (Cromolyn, DSCG), Beclomethasone dipropionate
(BDA), Budesonide (BUD, BSA)* and Nedocromil sodium (NS, NDS)**, administered
at various time intervals with respect to the allergen challenge, would suggest involve-
ment of different mechanisms in the AR and the LAR.

In our previous studies, the LAR has been prevented highly significantly both by
DSCG (p<0.001) and by BDA (p<0.001), whereas the [AR 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,68£70,121f

In patients developing the so-called "dual late asthmatic response” to allergen challen-
ge, being a combination of the immediate (TAR) and the late (LAR) response, various
studies concerning the pharmacological modulation and manipulation with topical
inhalation corticosteroids (BDA, BSA), disodium cromoglycate (DSCG), nedocromil
sodium (NDS) and salbutamol (SBT) have been performed by us,63.64.67.68.68a-68d,681,
68g,70,121e-121h,121k,178-1788 (Some of these data have not yet been published).

* Nedocromil Sodium has been abbreviated as NDS in our earlier studies, whereas it
has been designated as NS in some of our later studies.
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In patients pretreated with DSCG and BDA, in whom the drug administration had
been started 48 hours before and continued up to 48 hours after the allergen challenge,
the AR had been prevented significantly 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).62,64,67,68,682,68£70,121f

Another group of patients with the "dual late asthmatic response” had also been
pretreated with DSCG and BDA/BSA for 48 hours before the allergen challenge. DSCG
administration which had been finished 10 minutes before the 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 hours after the allergen
challenge, it has prevented significantly both the TAR (p<0.01) and the LAR (p<0.05).
In contast, BDA/BSA demonstrated significant protective effects on the LAR (p<0.01)
without any differences between the two treatment schedules (one of them had been
finished before the allergen challenge, while the other had been continued up to 12
hours after the challenge), but they did not affect the IAR at all (p>0.05).6%121g,178¢-178g

We have 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 TAR significantly (p<0.05), but did
not affect the LAR (p=0.05). DSCG given 1, 2, 3, or 4 hours after the allergen challenge
did not prevent the LAR (p>0.05). BSA administered 30 minutes before the allergen
challenge prevented the LAR significantly (p<0.05), but did not atfect the IAR (p>0.05).
Budesonide administered 1, 2 or 3 hours after the allergen challenge prevented the LAR
significantly (p<0.05).68b.68¢,68£68%,121¢,121h

In another group of patients we have investigated the possible protective effects of
DSCG, BSA and NDS on the "dual late asthmatic response”, administered in a single
dose either 30 minutes before or 2 hours after the allergen challenge. Administered
before the allergen challenge, NDS prevented significantly 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 IAR (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 LAR highly significantly, while DSCG did not affect the LAR (p> 0.05).
121g121h

In another of our studies we have analyzed the possible protective effects of a single
dose of BSA administered either 30 minutes before or 1, 2 or 4 hours after the allergen
challenge in patients with the ”dual late athmatic response”. The [AR had not been
affected by the BSA when given 30 minutes before the allergen challenge (p>0.05), while
the LAR had been prevented significantly 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.68¢.68g

We have also investigated the effects of a single dose of NDS on the LAR, administe-
red more than two hours after 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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onset of LAR, has inhibited significantly the LAR (p<0.01 to p<0.05) at each time point
measured from 6 to 10 hours after the allergen challenge.68d,178¢

Other patients developing the "dual late asthmatic response” have been treated with a
single dose of DSCG, NDS, and BSA/BUD, administered either 30 minutes before or 2
or 3 hours after the allergen challenge. Given before the allergen challenge, DSCG
significantly prevented the IAR (p<0.001), but not the LAR (p>0.05), NDS protected
significantly both the TAR (p<0.01) and the LAR (p<0.05), and BSA/BUD did not affect
the [AR (p>0.05) but it prevented highly significantly the LAR (p<0.001). Given 2 hours
after the allergen challenge, DSCG did not affect the LAR (p>0.05), whereas both NDS
and BSA/BUD have prevented significantly the LAR (p<0.05 respectively p<0.001).
Given 3 hours after the allergen challenge, DSCG did not show any effects on the LAR
(p>0.05), whereas both the NDS and the BSA/BUD prevented the LAR significantly
(p<0.02 respectively p<0.01).121k.1781

In one of our preliminary studies, the patients demonstrating the "dual late asthmatic
response” had been pretreated with a single dose of DSCG, NDS, BSA/BUD and salbu-
tamol (SBT), administered either 30 minutes before or 2 hours after the allergen chal-
lenge. After the pre-challenge administration, NDS prevented significantly both the IAR
(p<0.01) and the LAR (p<0.01), DSCG has prevented 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-
cant protective effects on the LAR (p<0.001), whereas SBT did not affect either the JAR
(p>0.05) or the LAR (p>0.1). After the post-challenge administration, NDS as well as
BSA/BUD prevented the LAR highly significantly (p<0.001}, while DSCG as well as SBT
did not affect the LAR (p>0.05 respectively p 2 0.1).121k178h

We also have investigated the possible influence of the duration of the drug admini-
stration on the protective effects of DSCG and topical corticosteroids (BDA and
BSA/BUD) on the IAR and the LAR in patients developing the "dual late asthmatic
response” to allergen challenge, Neither DSCG nor BDA nor BSA/BUD demonstrated
any significant differences in their effects either on the IAR or on the LAR after a short-
term administration, for 48 hours, and after a long-term administration, for respectively
2 to 6 weeks. DSCG prevented significantly both the AR 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 any significant protective effects on the IAR 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 LAR after the 48-hour (p <0.01), 2-week
(p < 0.001) and 6-week (p < 0.001) administration.68<.175g

[F] PHARMACOLOGIC MODULATION OF THE SO-CALLED “DUAL LATE NASAL
RESPONSE"

In our previous studies we have also investigated the protective effects of various
drugs, among others of DSCG and topical corticosteroids (BDA) on the basic types of
nasal response to allergen challenge, INR, LNR and DYNR.2:10:11, 1le-11g,12,13, 14,40¢,-
40d,40£,41b,411,72b,724,121b,121j Similarly to the asthmatic response, INR has been prevern-
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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 influence it at all (p>0.1).2: 10.11,11¢-11¢, 12,13,13b,14,40¢,40d,40,41i,72a,72d

We have also studied the pharmacologic modulation of the ”dual late nasal response”
by a single dose of DSCG and BDA/BUD-BSA administered either 30 minutes before or
2 or 3 hours after the allergen challenge, which means 1 or 2 hours before the onset of
the LNR. DSCG in a single dose administered 30 minutes before the allergen challenge
prevented highly significantly the INR (p<0.001), whereas it 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 hours after the allergen challenge (meaning 1 or 2 hours before the onset of
the LNR) prevented significantly the LNR (p<0.05 respectively p<0.02). BDA adminis-
tered 30 minutes before the 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 hours after
the allergen challenge, similarly to the LAR, prevented significantly the INR (p<0.01
respectively p<0.001).10b,40d,40£72a,72b

In another of our preliminary 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
demonstrated significant 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).40d.72a.72b Recently, we have investigated the protec-
tive effects of BUD-BSA on the LNR and “dual late 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 of 400 mcg, BUD-BSA has not been able to prevent the INR (p>0.05),
whereas it 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 about the 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 one allergen, however
due to the different mechanisms.582:178¢

3. MAST CELLS [MC] AND BASOPHILS [BS]

Another fundamental part of the immediate hypersensitivity [TH] (Type I allergy)
mechanism is the mast cell and/or basophil.6.35:35¢,36.42-44,48¢-48¢,51,55, 63, 68¢,70,77,78,
85,94,97y,1282,129,1316,136a,136b,145,147,162,162f- 162n, 164,164a-164d,1658,166x,176w,176x,177r
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[A] THE SUGGESTED/PRESUMED ROLE OF "MC" AND “BS" IN *|H"

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),411,11a-116,42-44,514,63,69,70,
124,161c,162¢,162h ”immedjate nasal I'ESPOD.SE” []_NRLI la-11e,34 35,42-44 47 48 51a,54,56
“immediate skin response” (ISR),42-4451a,177i etc,, has already been repeatedly and
unequivocally confirmed.

However, all circumstances, factors and conditions determining the activation and/or
participation of either mast cells or basophils, even in the mechanisms leading to the
development of the "immediate type responses” in different organs e.g, IAR, INR, ISR
etc, have not yet been fully clarified.4.512,136b.1772 Despite recent data generated from
the cytokine research,131£.146d,156m,163y,164d, 164v,1651,165w, 1668, 1662177a cytologic
in\restjgat-jons U'F ﬂ"le nﬂ.Sa.] SE‘CTetiOI'.lS,l 1a-11F14,34,40c-40f, 41b,48,48d,49,54,71,72,72a-72d,
778251778 biochemical and immunalogic studies on and in the nasal mucosa and nasal
se0 I'Ctil)l'l,.‘i 11j,48.49,53,54,73,82d,82¢, 83,85d,86-85,950,97,97b-97d,971,166d,171r,171v,175k,
1751,175p,1755.175x, 1762, 177¢ and nasal mucosa biopsies41b.51b,85b.85¢,96,97.97a,97£.97n-97u,
97u.171r a5 well as bronchoalveolar la\rages’gﬁﬂ,g(ip,lGZa,lSEg‘-152j,1633,163j, 163s,164t,167z
bronchial mucosa biopsies,162k,162n,163k,163y,164t and skin biopsies,! 021772 which have
contributed distinctly to our knowledge of the role of both these cell types, there is still a
great need for more information on this topic.

[B] THE SUGGESTED/PRESUMED ROLE OF "MC” AND “BS™ IN "LH"

On the 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, LSR etc, as suggested by
some authors, still remains not fully clear.512

Regarding their l'ESLl]tS, same -in\,re_g{-jgators’i 2-44,51,51a,55,96e,96f96i,162a, 162d,177,177d,
1771,1773,1771,178p have presumed the direct involvement of the mast cells in the "late
type organ responses” through the classically understood immediate hypersensitivity
mechanism(s). Moreover, they have concluded that both the “immediate” (IR} and the
"late type responses” (LR) are IgE-mediated and in both response types the mast cells
may play 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
response types the basophils play the central role, 156m.163£1641,164n,166h,177b,178,1 78,
178p-178u

However, both investigator groups have failed to present convincing data concerning
the different involvement of both the cell types in the particular response types, IR or
LR. Anyway, the important question still remains unanswered; why the mast cells and
not the basophils, or vice versa, may be involved once in the isolated form of the IR,
another time in 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 concentration of histamine,
TAME-esterases, kinins, but not of PGD, 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 basophils in the LNR, since PGD, is only produced by mast cells
and not by basophils. A similar participation of mast cells in the IAR and not in LAR
(where basophils would probably play the prominent role) has been proposed by other
investigators studying the IAR and LAR after a segmental bronchial challenge with
antigen. ' 63s

Interestingly, several other authors have proposed various modified and alternative
functions of the mast cells and/or basophils, by means of which these cells will be able to

participate in the mechanisms leading to the development of the "late type respon-
5@3"|34.44,45,5‘,51&!,54,56.82,83,94,iﬂﬁu,]6213—I62d,|62f,|7t11, 176w 177, 17 71,1 776,177 v, 178v

[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,176v Terral et al178v and Charlesworth and
colleagues!78 have suggested the so-called "bi-phasic degranulation” of mast cells and
basophils. The bi-phasic response of airways to inhaled allergen may then be compara-
ble with the proposed bi-phasic cutaneous response to the IgE-dependent activation of
mast cells.277i This could be the process by which the released mediators might provoke
a bi-phasic inflammatory response. Casale and Kaliner!77t have described three groups
of mast cell-derived mediators: (1) preformed or primary mediators (e.g. histamine};
(2) secondary or newly generated mediators (e.g. prostaglandins); (3) granule matrix
mediators (e.g. peroxidases, heparin). They have presumed that the preformed and
partly newly generated mediators are released rapidly and cause "the immediate allergic
reactions”, whereas the granule matrix mediators and some of the newly generated
mediators might lead to the polymorphonuclear leukocyte infiltration, followed by
mononuclear/macrophage infiltration and resulting in the “late allergic reactions”.
Kay,162f Nagy and colleagues!62¢ and Durham and co-workers'62d have formulated the
existence of three phases of airway obstruction in bronchial asthma: - rapid (spasmoge-
nic), - late (sustained), and - subacute inflammatory phase. All of these phases may be
caused by the mast cell-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 what they called “re-activation of the mast cells” 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; and finally, the
subacute inflammatory phase, which is characterized by infiltration of eosinophils,
neutrophils and mononuclear cells, and which is probably mediated by chemotactic
factors from mast cells (NCF, LTB4, ECF-A, etc). Schleimer and co-workers#4.176s have
suggested the release of two groups of mediators during the pulmonary IgE-dependent
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hypersensitivity mechanism, the primary mediators from mast cells, leading to imme-
diate response and the secondary mediators from lung tissue, due probably to the
basophils emigrating from the blood into the lung tissue site and causing the ”late
response”, The release of the two mediator groups seems to them to correspond with
the two phases of the IgE-dependent hypersensitivity, namely the early and the late
phase. They have postulated that "after activation of mast cells and other cells that may
be triggered during the early phase response, a late phase response occurs that involves
migration of cells such as eosinophils, basophils, neutrophils and some mononuclear
cells into the tissue site”. The suggested participation of the mast cells in the immediate
asthmatic response and that of basophils in the late asthmatic response is similar to the
role of mast cells in the immediate and the basophils in the late nasal responses propo-
sed by Naclerio and his group3454.56 and being also shared with other

investigators. 1636163s,164n,177g, 178,1784178u Sych different roles of these cells in different
types of allergic response is also supperted by other investigators' findings that baso-
phils, but not mast cells, are sensitive to steroids "in vitro”,1211L177v; 178w,179h,179i and
"in vivo” 177w whereas the late type responses, but not the early type responses to aller-
gen challenge on the skin, in the nose and in the bronchial tree, are inhibited by ste-
roids.12:40c-40£41i,63,68,68a-68g,69,70,72d,164b, 1641, 1641,177¢,1775,178r,1781,
1780,178x,1791,179k Recently, evidence has been provided for some inhibitory effects of
topical glucocorticosteroids on some of the functions of mucosal mast cells in ani-
mals,179:179a In humans, the topical corticosteroids can, under certain circumstances,
reduce the number and distribution of the mucosal mast cells (MCT), probably by
inhibiting the production of IL-3 or possibly of other mast cell growth factors.178x Also
a possible inhibition of mast cell-derived cytokines has been suggested.!78x However,
there is no evidence that topical glucocorticosteroids can inhibit the production and re-
lease of preformed and newly generated mediators by human mast cells,178x either "in
vitro” or "in vive”,178%

[E] Corticosteroids and the immediate type of the nasal/asthmatic response

Moreaver, neither systemic corticosteroids nor topical glucocorticosteroids have been
shown to inhibit the immediate reactions to allergen challenge, such as "immediate
asthmatic response”40h.63,686,682,70,96k,121h,161c,178(,178g,178j, 178m,178n or “immediate
ﬂﬂSEll I'espoﬂse”,z’lu'l L1la, 11d,11e,14,41{,484,72b 7 2,92,94.95,973-97c,97p,119-121,121b,121d,177h
even after a long-term administration, e.g. 2 weeks!21d, 3 weeks121b, 6 weeks72a,121h or
12 weeks. 724121 The lack of protective effects of topical glucocorticosteroids on the
"immediate type reactions”, repeatedly demonstrated by us as well as by several other
investigators, would contradict the findings of some other investigators' concerning the
possible inhibitory effects of topical glucocorticosteroids on the immediate asthmatic
response | 79b:179¢ or on the immediate nasal response!21¢ generated, however, from a
limited number of 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 and colleagues!62b have observed an increase
in the count of blood neutrophils 2 hours after an allergen, but not methacholine,
inhalation. They have suggested that the immediate phase of asthmatic response may be
caused by the mediators released from the degranulated mast cells, followed by the late
neutrophil activation, which may be involved in the late phase asthmatic response.
Talbot and co-workers!77¢ have suggested the possibility of a "prolonged release” of
mediators from the mast cells. Lemanske and Kaliner51a have formulated the lack of
evidence for the 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 surrounding the late response are less well es-
tablished. The precise cell source of NCF is unknown. Thus while mast cell activation
may initiate 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-
ment of the late obstructive reaction.” Recent data, indicating that the activation of the
animal basophils and mast cells, both of the IL-3-dependent and of the TL-3 indepen-
dent cell lines, may result in an increased RNA expression and the release of various
cytokines, has expanded the role of these cells. The following cytokines have been sug-
gested to be released by the activated mast cells and/or basophils: TL-1, T1-2, 11.-3, 1L.-4,
IL-5, IL-6,IL-10, INF-gamma, granulocyte-monocyte colony stimulating factor,
macrophage inflammatory peptides o and B, T cell activation gene 3, and tumor necro-
sis factor-0.162m,164¢.179d, 179¢ However, virtually all the studies reporting the cytokine
production by the mast cells and/or basophils have been carried out on animals, mainly
mutine or rodent cell lines or primary cell cultures,162m.164c.179d,179% 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,164¢ suggest that the activated human mast cells might express
mRNA for TNF-¢z and IL-4, whereas human mast cells as well as basophils might gene-
rate both TNF-¢ and TL-4 proteins. In spite of this somewhat weak suggestion of the
production of cytokines also by the human mast cells and basophils, the participation of
such cytokines in the hypersensitivity mechanisms in humans in general, and in the late
type responses to allergen challenge in particular, has not yet been convincingly confir-
med, 179

Furthermore, with respect to the specific features of the mast cells and basophils, such
as "releasability”131¢,162m,164¢,164h,164n, 16721781 and “heterogeneity”, 162m,164c,164d,
164n,164u,164y,167k,176t,1781,178y,1782179(,179% the question of the possible production of
some cytokines by the human mast cells and/or human basophils, is becoming a more
complex and topical issue.

The "releasability” means the variations in the extent of the histamine release not only
between the basophils on the one hand and the mast cells on the other hand, but also
with respect to the origin of these cells, e.g. from the cells 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,131e,162m,1646,164h,164n,1672,178¢
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Heterogeneity of the mast cells and basophils represents the histologic, histochemical
and morphologic differences between the basophils and the mast cells, and even
between the two basic mast cell populations, the "mucosal type” mast cells in rodents,
being equivalent to the human mast cells containing tryptase only (MC.p.), and the
“connective type” mast cells in rodents, being equivalent to the human mast cells
containing tryptase and chymase (MC ). 162m,164c,164d, 1640,164u,164y,167k,177v,1775,
1781.178y,1782,179f,179¢

Despite the proposed modified functions of the mast cells and/or basophils, and even
the suggested alternative pathways, the exact involvement and detailed role of both
these cell types in the mechanism(s) underlying the ” late type responses” in particular
argans, especially their relationships to other cell types, such as stimulation versus in-
hibition at various levels, sequence of the intercellular and transduction signals, and the
degree of their stimulation and activation in various steps of these processes, are not yet
fully known,68e.131a-131¢,162d,162m,1627, 164b,164c,164h,1686,168h, 1681, 168n,,170r,171v,
177g,178d,178g,178r,178u,179d

Moreover, the existence of the possible stimulation and activation of the mast cells
and basophils by various factors and compounds sometimes operating outside the
structures of the established hypersensitivity types, as has already been discussed in the
previous sub-sections, would then amplify the importance of the alternative pathways
and extend the variance of the functions of these cell types.68c1622,164b,164c,164h
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VIII. GENERAL DISCUSSION

The purpose of this thesis was to define and establish the nature, clinical and
immunologic features, clinical correlates and possible pharmacologic modulation and
control of the clinical phenomenon, the "late nasal response” (LNR). The LNR has
been compared with and differentiated from the other types 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 presumed to contri-
bute to and/or to participate directly in the development of the LNR have also been
described.

This thesis is based on our own original 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,26,27,27a,27b,35a-35¢,37-40,40a-40f,41,412-41¢,71,72, 72a-72d,96.97,973,97v, 97w,110,117e,
1176117h,117,118,121b,1214,121j,122a-122¢,124e-124d

A selection of the most relevant papers concerning the main target of this thesis has

been included and presented in the section "Supplements”.7.9,11,11i,12,13,14¢,16,18,41,
71572

In this chapter our attention will be focused on the folowing aspects:

[1] The detection of the particular types of the nasal response in general and of the
LNR in particular, which means the "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 interpretation of the data generated by these tests;

[2] The position of the LNR in the hypersensitivity events occuring in the nasal muco-
sa, the significance and consequences of its existence for the practical diagnostic
pracedures and treatment of the allergic disorders of the upper airways and related
organs;

[3] The importance of the existence of the LNR also for research purposes, as an interes-
ting and easily accessible model for studying the hypersensitivity mechanisms from
various points of view;

[4] The various clinical and immunologic aspects concerning the LNR, which still
remain unknown, and which may be the target for the research activity on this field
in the future, such as detailed mechanism(s) underlying this clinical phenomenon,
the participation and role of the particular cell types and their interactions, the
participation of the particular mediators, factors, constituents, molecules, com-
pounds and biochemical processes in the development of the LNR. This might
improve our understanding of the LNR, the integration of this phenomenon into
the more general hypothesis of the hypersensitivity states of the upper airways and
to optimize its pharmacologic control.

249



The late nasal response

A. NASAL PROVOCATION TESTS [NPT]

The nasal provocation tests (= nasal challenge, NPT) might be considered not only
as an interesting and important research technique and model for the investigation of
the pathophysiological and pharmacological aspects of the nasal mucosa, 2:7,8,11,11i,12,
13,146,18,21,22,26,27,35d,35¢,40a,41j,53,71,72,179,180-197 but also as an important part of the
routine diagnostic procedure of the allergic disorders in the nose and of the role of the
nose in the related organs.2:3:7:9,11h,14c,21,22,26,27, 50,35¢,41,41},53,180,186,1587 The useful-
ness of nasal provocation tests for the clinical diagnosis is gradually becoming recogni-
zed"?.i 1h, 14¢,21,26,27,30,35¢,40a,41j, 48£,53,85,180,186-192

The NPT may be seen as a model technique and as a simulated reproduction of the
patient’s complaints and symptoms caused by an exposure to a certain allergen or non-
specific agent.3:180 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 of the particular agent cannot be always monitored and nasal
parameters cannot be always quantitatively recorded.:35b, 41b,180 The nasal provoca-
tion test is so far the only technique to demanstrate the particular types of the nasal
response (immediate, late, delayed) due to a specific allergen.2-47,11h.13,41b,41j,191

1. PRINCIPLES OF THE “NFT"

The basic principle of the nasal challenge is repeated recording and comparison of
parameters before and after the specific stimulus (= comparison of relative values),?7:
8,11h,30,41j

The principle of the provocation tests has two aspects: (a) The qualitative aspect:
The NPT demonstrates that the nasal mucosa indeed reacts by the typical complaints
and develops a certain type of nasal response to 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 agent in 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:3:7:10:12,15,30,35b.35¢,41b,41j,722,72b

(a) Nasal provocation tests with allergen, confirming the allergy component in the nose
by the manifestation of a certain type of the nasal mucosal response due to a certain
allergen.2.3.7,9,415,41),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 component in the nose, and its participation in the nasal complaints, 439,
35a-35d,35F,72b,195,196
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(¢) Nasal provocation tests 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 symptoms and on the nasal response of a

certain type due to a certain allergen or non-specific agent.%11,11h,114,12,13,40d,41b,
48k,461,72d,184,185,191-194,196

The basic types of NPT are not alternatives to each other, they supplement one
another. They discriminate participation of the allergy component on the one hand
and that of the non-specific hyperreactivity component on the other hand in the
patient’s nasal symptoms. The protection tests may demonstrate the pharmacologic
efficacy of a certain drug and its effects on the particular type of the nasal response.

3. BASIC CONDITIONS FOR THE “NPT"

(1) The nasal provocation tests should also meet some necessary requirements,34,30,41j,
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 dangerous dose during a suitable period of time 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 means of a reliable method and using reliable
apparatus corresponding with up to date technical development.3

(3) The NPT should be performed in an adequately equipped room under standard
conditions, e.g. room-temperature, humidity, ventilation, optimal furniture etc.3

(4) Adequate and sufficient facilities for reanimation and management of emergency or
unexpected complications should be present, with respect to rare, but possible appe-
arance of an acute dyspnea due to the broncho-constriction, epiglottis edema,
anaphylactic reactions etc.?

(5) The benefit of the NPT depends on the technique, equipment and experience
(quality) of the operating personnel;3

(6) The NPT cannot substitute the bronchial provocation tests in general, only in a
limited number of exceptional indications.34.30,191

4. BASIC INDICATION FOR THE “NPT"

[1] The confirmation of the role of a certain allergen in the nasal complaints, especially
in the case of discorrelation of skin tests and/or RAST and/or history 3:4.7.9,11b,11h,
30,4 113,41},90, 180,184,186,190,198

[2] The discrimination of the role and involvement of an 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 2-4.35
35b-35¢,41b,48£,57a,72b,195

[3] The discovery and the confirmation of the existence of the particular types of the
nasal response; immediate, late or delayed 2-4.7,10,11-13,11h,132,410,96,124¢-124e
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[4] The establishment of the dose-response curve (= allergen titration)8

[5] The confirmation of a possible role of a certain food in the nasal complaints (food
allergy) 26,38,40a,41 41e

[6] The confirmation of a possible involvement and association of the nasal mucosa
and nasal allergy in the other organs and their responses, e.g. conjunctivae, middle
ear, sinusses, bronchial tree etc.14¢.14d,21,22,26,27,30,91,187

[7] The examination of the protective and/or therapeutical effects of a certain drug on the
nasal response due to the particular allergen or non-specific agent (=protection tests)
10,11,11d,11e,111,12,13,13b,13c,21,26,28,40a,40¢,41 b,412,722,95,121j,122a-122¢,185,188,194,196

[8] The confirmation of the occupational allergy 3-5,16

[9] The assessment of various therapies and immunotherapy!91,192

[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 high risk, or in patients with limited or unstable lung
functions) 3:4110,30:41b

[11] For research purposes - to study various pathophysiological, immunological

53,180,183 and pharmacological aspects of the nose and nasal allergy, nasal mucosa

and nasal secretions.11£,23,33,34,49.71,72,72¢,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 "in vive” as well as "in vitro” diagnostic
parameters, such as clinical symptoms (pulse rate, blood pressure, body temperature,
etc)32 and other organ functions (e.g. tympanometry, conjunctival appearance and
lacrimation, sinuses X-ray and/or echography, lung functions, etc),14¢.21,26,41,59.91,187
to demonstrate the possible role (direct or indirect) of the nasal mucasa and/or nasal
allergy in the response of the other organs. The NPT can also be combined with other
parameters, such as rhinoscopy, endoscopy, biochemical, cytological and immunolo-
gical examination of the nasal secretions and nasal lavage,'#71.72 biopsy of the nasal
mucosal membrane, estimation of immunoglobulins, mediators and other com-
pounds in the nasal secretions 49,53:83.86,92,124 and in the blood,?11.11h.12.13 recor-
ding of physical-chemical properties of nasal secretions,!1h and recording of changes
in the count of blood cell types.1th

6. NASAL PROVOCATION TESTS [NPT]-TECHNIQUES AND METHODS

[A]  APPLICATION OF THE ALLERGEN AND/OR NON-SPECIFIC
AGENT
Several techniques have been used to apply allergens or non-specific agents or their
representatives into the nose. Dropping of allergenic extracts onto the nasal mucosa
using syringes200 or bottle droppers?0! is a potentially hazardous method since the
fluid may pass down to the larynx which occasionally causes laryngeal oedema or
bronchospasm. 181 A similar disadvantage, however to a lower degree, also concerns

252

The late nasal response

the aerosolization technique using either the pressurized air or the electronic devices
or the spray-bottle.35¢41i Moreover, the distribution of the allergen applied by these
methods cannot always be predicted. Some investigators use a micropipette to deliver
small and exact volumes of allergen onto the interior turbinate202,203, which seems to
be a much more reliable technique than the previous techniques. However, the distri-
bution of allergenic extract is 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!94 have applied the allergen
extract by means of a cuvette placed directly onto the anterior section of the 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 and initiating 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, and the
number of pollen grains delivered can be controlled.?7y However, this method is
applicable only for pollen and not for other allergens. Another disadvantage of this
method is the possibility of penetration of the insufflated pollen grains into the larynx
or even into the bronchial three, causing a laryngeal oedema or broncho-constric-
tion181,

We apply the allergen extract as well as the non-specific agent (e.g. histamine,
methacholine etc.) to the nasal mucosa by means of a wad of cotton wool on a nasal
probe introduced under the medial concha (middle turbinate), as it has been descri-
bed in detail in our previous papers.7-%:11,11h,113,12,13,21,22,26,27,35a-35¢,40a,48k,481,71,72,
184,185 The standard application time of the allergenic extracts is 3 minutes (someti-
mes shorter), while that of histamine 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.7.11,11h,11§,12,13,30,31,411,48h,48k,481,574,60,85,85a,120,
121,180,182,184,185-220

[B1] The most simple method is the anterior rhinoscopy$3, which, however, is only a
qualitative method;

[B2] Recording of subjective complaints (obstruction, hypersecretion, sneezing,
itching) by means of a score.35.35¢:85,205 This technique allows only semi-quantitative
recording of the response, because: - not every nasal response in every patient may
necessarily be accompanied by significant increase in all these complaints (especially
sneezing, hypersecretion and itching), - there is a high degree of standard deviation,
personal influence and a lack of reliable 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,11h

[B3] Recording of objective parameters, mostly nasal airway resistance (NAR). This
can be measured using an air-pressure and either air-volume or air-flow, or their deri-
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vatives, such as air-passage or conductance (which is the reciprocal value of nasal
resistance). These techniques can be divided 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.
recording of the nasal blood flow using Doppler velocimetry,216-218 or the 133Xenon
washout clearance 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.206 This method is very easy to perform. How-
ever, following allergen or histamine challenge it is impossible to avoid the contami-
nation of the equipment by nasal secretions. A modified mini peak-flow meter has
also been developed. This is also simple to perform, however, the forced breathing
through the nose can result in the reflex changes in nasal patency, which may signifi-
cantly influence the challenge results.20,207

However, due to some distinct disadvantages, such as contamination of the equip-
ment by nasal secretions, reflex changes in nasal patency, high deviations of the
parameters recorded and the inability of this technique to record the whole course of
the nasal respiration cycle (inspiration and expiration in their time-course), such tech-
niques are not suitable for the nasal provocation tests.3:8:30,41b,41j,180

(2) Plethysmography
The body-plethysmography has been modified for nasal purposes by Cole et al48%
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, and it is not always suitable for children because of
anxiety. The reliable equipment is also very expensive. This technique is therefore
suitable only for special research purposes.

(3) Rhinomanometry

The measurement of nasal airway resistance (NAR) using rhinomanometry can be
divided into various types. In each type an air-pressure and either air-volume or air-
flow, or their derivatives [e.g. air-passage, conductance (= reciprocal value of the nasal
resistance = Ry etc.] are recorded. In passive rhinomanometry, the pressure and the
airflow are recorded during breath hold, whilst active rhinomanometry involves their
recording during the tidal nasal breathing. Active rhinomanometry can be further
subdivided into an active anterior, active posterior, and modified techniques.3,30.41b,
413,197 The basic principle of the use of every thinomanometry technique for the NPT
purposes is the comparison of the relative values before and after the challenge with
an allergen (or non-specific agent) and not a comparison of absolute values (parame-
ters). From such a point of view (principle of comparison of relative values}, the
absolute values of the baseline would not be of decisive impaortance.

[a] Passive anterior rhinomanometry (PAR)
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The principle of this procedure is the measurement of the passage of the air
through one nostril at a fixed flow rate (e.g. 0.25 L/sec) while the breath is held with
the mouth open. The air pressure is recorded and the resistance (mm H,O/1L/sec or
cm H,0/L/fsec) can be calculated for each nostril independently (RysR, ).250:35¢,41b,
41j,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). The total nasal resistance (R ) can be calcu-
lated by the following formula:

_ByxR

I;""ITIT
R. + R,

[R, . = total resistance; R, = resistance - right side; R, = resistance - left side]

This technique is simple from a practical point of view, but the results are not
always exactly reproducible with respect to a higher standard deviation of the mean
value (SD) and standard error (SE). The results can sometimes be influenced 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)3:209, for patients with vomiting reflex or
for subjects having a problem with a dental prothesis.341b No high degree of co-

operation by the patient and no highly qualified personnel is required for this techni-
que‘J,‘ilb

[b] Active anterior rhinomanometry (AAR)

The principle of this method is the simultaneous measurement and recording of
the airflow and transnasal pressure during the active (tidal) breathing 415,180,189 Nasal
airway resistance (NAR) is then calculated from the nasal airflow and transnasal 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 due to the changing turbulent airflow and a plot of pressure
against flow, is curvilinear. It is, therefore, necessary to define the point on the curve
(loop) where the resistance is measured and this is usually at a pressure of 150 Pa. One
nostril is sealed with a pressure sensor, by means of surgical 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. The resistance to the airflow of each nasal passage is recorded separately by
changing the pressure sensor containing cannula alternately from one nostril to the
other. The active anlerior rhinomanometry involves measuring of the pressure-flow
values of each 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 HZO!IJsec (or
Pascal units per cm3 per second = k Pal-1s). There are two basic modifications of this
method, one using the face mask, the other using the "nasal olives” (containing the
sensors). The total nasal resistance (Ry;) may than be calculated from the left (R, ) and
the right (Ry) side, according to the following formula:

1 1 R, x R
i SR

1
Ry Ry

Resistance is calculated by analysis of the pressure/flow or alternatively of the pres-
sure/volume curve, for the nostril which has not been occluded.1,180,189,190,197

This technique is moderately laborious, sufficiently sensitive, it produces exact data
with a good reproducibility and it does not require a high degree of co-operation by
the patient but it does require well-trained personnel, The active anterior thinomano-
metry can be performed in almost all adults and many children.29? On the 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 “nasal alives” or the face mask must closely fit the air-
ways, however, without any deformation or too great compression of the external
nose. This technique cannot be used in patients having an unilateral nasal obstruction
of more than 80%.41)

However, when used for allergen provocation, problems arise if one nostril beco-
mes very occluded at which point the measurement of resistance falls below the limi-
tations of the recording equipment. Moreover, the development of hypersecretion 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 il is not suitable for patients with fragile and bleeding nasal mucosa,
with frequent sneezing, with vomiting problems 3.41b or in children with anxiety
problems for complicated equipment or even for the face mask. However, the equip-
ment is expensive. The commercially available equipment is 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
airway resistance tester), P.K. Horgan Ltd. in UK, or Mercury System (NRG) in UK.

[c] Active posterior rhinomanometry (APR)

The principle of this technique is the simultaneous recording of flow/pressure
(V-P) or volumef pressure (V-P) parameters during a normal (tidal) breathing. This is
performed by use of a face mask fitted 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 nasal cavities, and an
oral tube connected with p-amplifier and pressure transducer, which is also connected
with the mask for monitoring of the transnasal pressure, being definied as AP between
the pressure in the mask and the pharyngeal pressure.8,30,41),186,189,207

A shart oral tube is usually adequate for monitoring posterior pharyngeal pressure.

256

The late nasal response

Firmly gripping the tube between the lips, the patient can keep the soft 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 technique is
that covering mouth, nose and eyes, because it does not distort 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 of the 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-recorder as 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 recorded by this technique is a total nasal
resistance ( Ry), expressed in cm H,O/L/sec. The total resitance Ry of the nasal-air-
ways is calculated by means of the following formula:

The "Ry,” 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 advantage of this method is
the possibility to obtain the total nasal resistance even when a distinet obstruction of
one of the nostrils or hypersecretion is present, or when the patient underwent a
partial resection or extraction of the nasal septum, There are, however, also some
disadvantages to this technique. Some of normal subjects do not have sufficient
control of 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?1v.

This technique is 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 technique is rather
expensive. This technique is, therefore, suitable for research purposes or as an arbitrary
test in a situation when the other techniques fail to produce reliable results.41b:41j,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 Pa for the active anterior technique, and at 75 Pa for the
active posterior techniquel®7.

[d] Computerized rhinomanometry
The active anterior rhinomanometry as well as the active posterior rhinomanomet-
ry, with respect to the complicated processing of data (analysis of the loop) and time-
consuming calculation, can be distinctly improved by means of the 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 TV display, a terminal
and a printer.30:31.415:48h This equipment may also be supplemented by a ready-
reading manual sensor, by means of which the loop, recorded by the X-Y recorder,
could be directly analyzed, re-calculated and re-checked and in 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 calculation time of the data can be spared; (4) a large number of
date can be stored within a short period of time; (5) a high number of measurements
can be performed by a parallel schedule and systematically stored48h, The computeri-
zation of the rhinomanometry represents a distinct improvement, however, it is also
very expensive improvement of these techniques.

[e] Modified techniques of rhinomanometry
-The " bElHOGn technique” X 3,7-9,11,11i,12,13,21,25,48k.481

(1) Principle of this method. The nasal mucosa of the patient with rhinitis, when
challenged topically with an allergen to which he is sensitive, c.q. with non-specific
agent (e.g. histamine, methacholine) reacts with swelling, hypersecretion, sneezing
and itching. These changes, especially the appearance or increase in the mucosal
edema, due to an allergen or non-specific agent, interfere with the passage of the air
through the nose, resulting in an increased pressure difference (A P) between the na-
sopharyngeal cavity and the outside air, while the airflow is constant, These increased
pressure differences, the so-called NPG (nasopharynx-nostril-pressure gradients,
expressed in cm of H,0), are recorded and considered to be a parameter of the assess-
ment of the nasal response (= obstruction). The mean NPG values are always recor-
ded and calculated during the regular breathing for 90 to 120 seconds;

(2) The apparatus and equipment consists of a one-channel recorder, 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) Evaluation criteria. The statistically significant increase in the NPG values is 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
mm in length and 5 mm in width) is introduced into one of the nasal cavities and
placed under the posterior part of the middle turbinate, then connected with the
pressure transducer and recorder through a water manomieter and filled with 2 ml of
air. The polyethylene tube is then fixed to the alae nasi by means of a surgical tape
(Micropore). The patient breathes through the non-intubated nasal cavity, the mouth
being closed and the intubated cavity also being closed by the patient’s fingers placed
on the alae nasi. Five to 15 minutes later, when the patient’s breathing is stabilized and
regular, the test can begin, The application of the diluent solution [= control tests, 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 means of a saturated wad of cotton wool on a nasal probe introduced under the
middle turbinate of the non-intubated nasal cavity.

{5) This technique, belonging to the modified posterior rhinomanometry, is a
contra-lateral method, where one nasal cavity is challenged and the NPG parameters
are recorded through the other nasal 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 cm H,O = mean +5D). This technique also demonstrates
statistically significant reproducibility. However this method is not suitable for small
children, for subjects with fragile or bleeding nasal mucosa and for the patients with
the resected or extracted nasal septum.

We use the "balloon technique” as a standard method in adults and older children,
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 purposes or as an arbitrary parameter.

(4) Acoustic rhinometry 48£.481,48j,211-215

This technique utilizes the reflection of the sound waves from the nasal cavities to
assess the cross-sectional area, The normal curve, measured by an acoustic click,
shows the minimal cross-sectional area (I-notch) located at the isthmus nasi, while the
second narrowest segment (C-notch) is located at the head of the inferior concha. Any
change in the cross-sectional area of the nasal cavities results in a change in the acous-
tic impedance. In the acoustic rhinometry sound in the range 2-10000 Hz is pulsed
into the nasal cavity at a fixed interval whilst the subject breathes in a tidal manner. By
the accurate recording of the incident and reflected sound waves within a given time
interval, the distance from source to the reflecting body can be determined. This can
then be related to the cross-sectional area. The recording of the pressure in the mouth
and the flow rates in the nose can then be combined with the acoustic measurements
to give the measurement of the nasal airways resistance (NAR). This technique, modi-
fication of which is also called oscillometry,48i: 212,213 has been compared with the
more common methods of rhinomanometry and it has been shown to be very repro-
ducible,*8i The practical use of this technique for the routine nasal provocation has
not yet been fully explored. However, this technique seems to be very promising, even
for the NPT purposes. In view of the rather high price of the equipment, this tech-
nique remains limited to research purposes. Commertially available equipment is for
example: Otodynamics, (UK) and Rhinoclack-Stimotron (Germany).

(5) Non-rhinomanometry techniques
Other techniques based on principles differing from those of rhinomanometry, are
sometimes used for the assessment of the nasal response, mostly for research purposes:
(a) Laser Doppler velocimetry measuring the capillary blood flow in the nasal mucosa,
alternating during the nasal response to allergen or non-specific agent.215-218
(b) 133Xenon 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) Nasornetry, measuring the resonance of the subject’s voice within the upper airways
(nasal cavities, post-nasal space and sinuses).21?

(6) Reproducibility of rhinomanometry

There is some criticism concerning the rhinomanometry techniques, especially a
number of factors which could alter the recorded parameters, e.g. compression of the
soft exterior nasal tissue by a tight fitting of the face mask or air leakage through or
along the tape used for nostril occlusion, possible local irritation of the 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 PERFORMED IF THE SKIN TESTS ARE
ALREADY POSITIVE?

Although the skin tests are an important diagnostic tool, they should be considered
as the first screening method only.110,92.198 [t is not entirely possible to draw full
conclusions from the results obtained on one organ (in this case the slkin) for another
organ (nose or bronchial tree). Such interpretation and transformation of the results
is not unlimited.11h.25a.26.41f Apart from the state of the skin itself (hypo-versus
hyper-reactive skin, changed metabolism), appearance of skin disease with possible
allergic component, e.g. urticaria, eczema, contact allergy, or other skin disorders, the
positive skin tests demonstrate only the presence of antibodies (e.g. IgE) to a certain
allergen in the skin. There is no sufficient certainty that: (a) the allergen causing a
certain response on the skin would also be able to play the same or ancther role in
another organ (e.g. nasal mucosa) and to 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 the skin response to the same
allergen.11h,250,26:41¢

The skin tests could be influenced by stimuli coming trom various other organs
and therefore they could also be related to various other organs!1h,

The allergic reaction, in the wide sense of the word, has two basic parts, one central
and one locall1h, The local and central parts can participate to various degrees and in
various ratios in the mechanisms underlying the allergic reaction and finally leading to
the specific symptoms of the patient. With respect to the variable participation of both
the parts, the individual diagnostic tests do not always generate fully relevant results. Tt
is, therefore, necessary to include both the parts (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 changes in the local level of antibodies (specific
IgE} and with or without changes in the concentration of the specific IgE antibodies in
the serum, and also with or without positive skin tests (=skin reaction to the same
allergen).3:%:11h41b41i The same question arises for the serum RAST or CAP (specific
IgE) and PRIST (total IgE}, which are also representatives of the central part.9:11h.41b,
41i The concentration of total IgE in the serum can be influenced by antigen-antibody
interactions occuring in various organs and systems. On the other hand, the level of
specific IgE in the serum does not necessarily have to be related to an allergic reaction
in a certain organ, where the local IgE antibodies may play the main role. Such a
reaction would be limited to the organ itself.3.4,9,11h,41i,88,92,198

This problem is more complicated if the same patient has a combination of disor-
ders with allergic component (e.g. bronchial asthma, allergic rhinitis and urticaria),
where the skin tests and possibly specific IgE in the serum are positive for various
allergens. How can we then indicate which allergen would play which role in which
organ?

It is, therefore, necessary with respect to the local part of the allergic reaction, to
perform provocation tests with the particular allergen on the target organ. Moreaver,
the provocation test is the only technique for the detection of the particular types of
organ response and for the confirmation of the relationships between various organs

(e.g. nose-maxillary sinuses, -conjunctivae, -middle ear or -bronchial tree).11h, 14,14a-
14¢,17,21,22,26,27.27b.41g.41h

2. WHY THE PROVOCATION TEST 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 responds to 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 organ leads to a response in
another organ (e.g. cephalgia, conjunctival injection, middle ear response, sinus
response or bronchospasm can appear during the nasal provocation tests). 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. Sometimes a patient is able to develop a bron-
chospasm after the nasal challenge with allergen, whereas the bronchial challenge with
the same allergen does not result in any bronchial response. 4,1 1h,14a-14g,17,21,22,26,27,
27by41g,41h In such cases, the administration of a certain drug, e.g. Disodium cromog-
lycate into the organ where the primary antigen-antibody interaction occurs (e.g. in
the nose) may be highly effective in prevention of the secondary symptoms displayed
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-
MENT OF ALLERGIC DISORDERS OF THE UPPER AIRWAYS
AND RELATED ORGANS

The allergic 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 of the late phase allergic reactions (LPRs), which have been demonstrated in a
variety of organs, including skin, lungs, nose, eyes etc.2:7.1 1&11g,11h,14e-14g,16,25,253,36,
27,272,27b,29,33,34,40a-40£41a- 41,4 16-4 11,43 48¢,518,51¢,53-56,57:,6 1-68,68a-68g,72,72a-72c,94,

96,96a-96p.97.97¢,97u.97v,97w,105-109,121e-121k,124c,124d,1312,133,162y,1631 T{ has been
recognized that the late reactions undoubtedly contribute substantially to the clinical
symptomatology of various allergic disorders, including allergic rhinitis, bronchial
asthma, urticaria, atopic eczema, allergic conjunctivitis and various forms of the food
allergy.

Moreover, the recognition of the late responses has conceptually influenced and

finally changed the therapeutic approaches to the allergic diseases. 2.1 11.12,14,14d,17.21,
26,27b,28,38,40,400,40c,404,40F4 1b,4 18,4 1h,411,49,51 51a,65,68a, 720,72 b,72d,96a, 96,961, 97w, 106,

111,111a-111c,112-114,116b,116¢,117,1174,117h,121b,121¢-121h,121j,121k,1211,124a-124£,1241,161c

The LNR is regularly involved in the nasal complaints of allergic rhinitis patients, is
often overlooked in the practice and may be responsible for the failure of the usual
treatments in these patients, ! th.41b

The LNR participates in the nasal complaints of the patients with allergic rhinitis
more frequently than has previously been expected. In our earlier studies we have
found the LNR in 5% respectively 11% of the patients with allergic rhinitis.1 th:41b In
our later studies, after the long-term nasal challenges (NPT) had become a part of the
routine diagnostic procedure at our department, the LNR has been recorded in appro-
ximately 41% of the patients suffering from allergic rhinitis.41b

The frequent missing and/or overlooking of the 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 provocation tests with allergens, especially
those by means of which the LNR may be recorded and confirmed.

Finally, the lack of knowledge of the existence of LNR and its participation in the
nasal symptomatology can lead to insufficient therapeutical measures. In this way, the
LNR may be responsible for the failure of the usual (first choice) treatment, such as
H-receptor antagonists, in the patients with allergic rhinitis.1 th41b

Although a lot of knowledge concerning the clinical, pathogenetic and immunolo-
gic features of the LNR has already been gathered, the immunologic (hypersensitivity)
mechanisms underlying this clinical phenomenon are not yet fully clarified.

However, there is growing evidence for a presumption that the mechanisms under-
lying the LNR may be different 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).2:7:11h,13a-
13¢41b,48d,51a,51b,53,94,192

Moreover, the clinical picture and symptoms associated with the LNR differ dis-
tinctly from those accompanying both the INR and the DYNR (Tables 2-6).11h.41b
The LNR can be characterized by a distinct nasal obstruction due to 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 INR is usually associated with the hypersecretion, sneezing, itching
and nasal obstruction almost to equal degrees.2:4.8-11:11a-11e14,41b, 4lc41f41g41i
Finally, the DYNR is associated with severe nasal obstruction, whereas all other symp-
toms are ahsent.2,7,11h,13,13a-13¢,41b,41g41i

The clinical features supplemented by the 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 compunds in the nasal secretions and blood, cytologic examination
of the nasal secretions and blood, and nasal mucosa biopsy, would allow us to formu-
late the following hypothesis.27:9:11611£11g,11h,12,14b,14,16,22,25,252,34,35¢,40¢,40d.41,
410-41d 4148, 480,49,51a-51c,53,72,72a-726,94,950,96,97,976970.971,121b,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 upper layers of the nasal mucosa, upon invelvement of a limited numbers of
the cell types, such as mast cells, eosinophils, epithelial cells, and sometimes neutro-
phils and upon the participation of the specific IgE, sometimes IgG (IgM) antibodies
and cell-derived mediators, factors and cytokines.

The LNR represents a largely pronounced, however reversible, and in the time”
gradually developing immunologic event in the nasal mucosa, where lower layers of
the nasal mucosa, other mucosal structures, such as blood capillary network, a variety
of the 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 LNR is
regularly accompanied by the formation of the tissue eosinophil-neutrophil infiltrates
in the deeper mucosal layers (lamina propria), and by a slight, however reversible,
epithelium damage upon the involvement of some inflammatory components.

The DYNR is a distinctly pronounced, long-period gradually increasing immuno-
logic event, including almost all layers of the nasal mucosal membrane, upon the
involvement of various cell types, such as T-lymphocytes, neutrophils, and monocy-
tes, various cell-derived as well as extracellular (tissue) compound, cytokines, and a
distinet inflammatory component. Moreover, the perivascular areas in the profound
layers of the nasal mucosa are the predominant location of the numerous infiltrates
consisting of neutrophils, lymphocytes, monocytes and plasma cells, accompanied by
diffuse haemorhages and disrupted blood capillaries. The DYNR is usually accompa-
nied by the pronounced epithelium and tissue damage, which is, however, mostly
reversible. The DYNR represents a serious, however, reversible, immunologic injury
of the nasal mucosa.
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The LNR can 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 LNR has been found to associate with other diagnostic parameters as follows:
(1) positive disease history in 23% of the 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
2-199%, (6] increased blood eosinophil count in 23%, (7) increased blood leukocyte
count in 13%!1h41b, Moreover, the late appearance of the LNR and the accompany-
ing nasal complaints makes it almost impossible to trace this response type and to
relate it to an exposure by a certain allergen, by means of the disease history (=medical
anamnesis). The majority of the allergic rhinitis patients have no knowledge of the
possible participation of the LNR in their nasal complaints.

The insufficient correlation of the LNR with the other diagnostic parameters does
not allow the prediction of the existence of this 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 [NP1] (= recording of the nasal resistance parame-
ters), supplemented by a number of other "in vivo” and "in vitro” diagnostic parame-
ters,3-7:9,11¢,11h,12,14,16,25,33, 40¢,40d,40£,41 41a-41d,41g,72,722,72b,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, pulsus rate, conjunctival appearance etc., may be consi-
dered to be the sole technique to confirm the causal role of the LNR in the secondary
response of the other (related) organs.11hi14a-14g,16,17,21,22,26,27,272,27b,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 of the allergic rhinitis in the individual
subjects in the practice.10.11,11d,11e,11i,12,13,13b,14,17,21,26,38,40a-40f,41b,41g,480,49,57,72a,
72d,82, 97b 97¢,121b-121d,121i,121j,125a

The LNR has also an important significance for some other organs and their res-
ponses. The LNR is regularly associated with/or plays a causal role in a secondary
response of other, 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 of view, 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 ather 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 LNR represents an easibly accessible model for studying the hypersensitivity
mechanisms from various points of view, 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 and to various changes in the nasal secretions and/or
in the nasal mucosal membrane. The LNR can be easily supplemented by a variety of
other research parameters. The LNR is an easily producible and reproducible pheno-
menon, This clinical phenomenon is associated with a very limited number of risks
and/or life-threatening factors, and therefore it may be considered as a fairly safe
research model. Moreover, the collection of the nasal secretions for the research
purposes by means of our technique of blowing the nose onto a polyethylene sheet or
the nasal lavage used by other investigators, may be considered to be a much easier
and safer method than the broncho-alveolar lavage (BAL) technique. [n contrast to
the BAL, the collection of the nasal secretions can be repeated without any limitation.
Furthermore, the LNR can serve as 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 vive” as well as ”in vitro” parameters. Finally,
regarding the frequent occurrence of the LNR, approximately in 41% of patients with
allergic rhinitis, it is possible to recruit a large number of subjects in whom the LNR
accurs, within a short period of time.11h.41b

E. "LNR” AS A RESEARCH TARGET IN THE FUTURE

Despite a great deal of knowledge of the various clinical and immunologic features
of the LNR having been already gathered, especially during the last decade, the LNR
remains an important, attractive and interesting clinical phenomenon, which still
needs more clinical and immunological investigation to clarify the mechanisms
underlying this phenomenon and to improve the understanding of its clinical signifi-
cance. Further studies of the clinical, immunologic, biochemical, biophysical, cytolo-
gic and therapeutic control aspects concerning the LNR may contribute to our under-
standing of this clinical phenomenon. These studies may include following aspects
and targets:

(1) The mechanisms, in detail, underlying the LNR;

(2) The participation of the particular cell types and their sequential traffic, coopera-
tion and interaction (stimulation vs inhibition) in the mechanisms leading to the
development of the clinical LNR.

(3) The role and significance of a variety of the mediators, constituents, factors and
compounds for and in the development of the clinical LNR, including: histamine,
heparine, chemotactic factors for eosinophils, neutrophils and other cell types,
exoglycosidases, neutral proteases (tryptase, chymase, etc), components of the
kinin system, components of the 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, complement parts, parti-
cular neuropeptides and neurotransmitters, histamine releasing factors (HRE),
particular cytokines (lymphokines, monokines, interleukins, colony stimulating
factors) and other factors.

The role of particular classes and subclasses of immunoglobulins and their ligands

{receptors) on the surface of the particular cells and capillary endothelium, in the

individual types of the hypersensitivity mechanisms and processes, including the

LNR. Moreover, the exact role of particular circulating and local immunoglobu-

lins should be clarified.

(5) The exact role of the particular electrolytes and the corresponding ions, such as
Catt, CL-, N+, K, in the various steps of various hypersensitivity mechanisms,

(6) The expression and participation of the various types of the surface receptors
(surface determinants, CID molecules), including the adhesion molecules, on the
particular types of the circulating as well as non-circulating cells, such as epithe-
lial, endothelial and tissue cells, in the particular types of the 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 other tissue receptor classes.

(8) The biochemistry of the cellular membranes, including the transmembrane
traffic, membrane-related and transmembrane processes of and in the particular
cell types participating in the development of the LNR, such as phosphorylation,
hydrolysis of phosphoinositides, activation of protein kinases, activation of
phospholipase D.

(9) The mechanism(s) of the release as well as secretion of various mediators, factors
and other compounds by the particular cell types participating in the develop-
ment of 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-
velopment of the LNR and for the LNR.

(11)The role and significance of the particular subsets of T lymphocytes, especially
CD+4 (Th, and Th,), CD*8, and natural killers in and for the LNR.

(12)The role of ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) as well as their
recombinant products in the intercellular traffic involved in the development of the
LNR.

(13)The participation and the role of the neurogenic system and its 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 of its parts and components in the development of the LNR.

(4
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{16)The role of the connective tissue cells, epithelial and endothelial cells in the LNR.

(17)The participation of the nasal mucosal immunity system and nasal associated-
lymphatic tissue (NALT), including the secretory IgA (monomer, dimer), parti-
cular population and subsets of T lymphocytes and their homing mechanisms,
and the interaction of the NALT with bronchial (BALT), intestinal (GALT), skin
(SALT) and ear (EALT) systems, in the development of the LNR.

(18)The possible influence of the immunogenicity, antigen specificity, immunologic
balance and immunologic tolerance on the LNR.

(19)The pharmacologic modulation, manipulation and control of the LNR as well as
of its particular steps and components, which means the effects of the 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 and specific 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
Cy->y
CAM
cAMP
CAP
CCK
cCP
cGMP
CGRP
cD

Cl
cPALT
CR 1,2,3 .4,
CTAP III
Da

DAF

DC
DSCG
DYAR
DYNR
DYSR
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Active anterior rhinomanometry

Asthma bronchiale

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 thinomanometry

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 (= BI' = 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 (=adenaosine 3',5"-phosphate)
Capacity system (=measurement of specific IgE antibodies)
Cholecystokinin

Classical complement pathway

Cyclic guanosin monophosphate (=guanosine 3',5'-phosphate)
Calcitonin gene-related peplide

Cluster determinant or cluster differentiation (= receptors =
molecules on the cell surface = cell membrane)
Chloride

Central part-associated lymphatic tissue

Complement receptor 1,2,3,4
Connective-tissue-activating peptide III

Dalton(s) [the unit of relative molecular mass|

Decay accelerating factor

Dendritic cell

Disodium cromoglycate

Delayed asthmatic response

Delayed nasal response

Delayed skin response

EAF
EALT
ECF-A
E-CEF
Echo
ECP
EDF
EDN
EDRF
EDTA
ELAM - |
Endo CAM
EPA
EpDRE
EPO
ESP

Fe

FcR
FEV,
FICH

FMLP (=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
IAR

1C

LC.
ICAM-1,-2
IFN-o.B,y
Ig

IH

1l

If

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 relaxant factor (= endothelial relaxing factor)
Ethylene diamine tetraacetic acid

Endothelial cell leukocyte adhesion molecule-1
FEndothelial cell adhesion molecule
Eicosapentaenoic acid

Epithelium-derived relaxant factor

Eosinophil peroxidae

Fosinophil stimulating promoter

Cristallizable fraction of the immunoglobulin molecule
Membrane receptor for Fe

Forced expiratory volume in 1 second

Food ingestion challenge
N-Formyl-Methionyl-Leucyl-Phenylalanine
Guanine nucleotide-binding protein

Gamma aminobutyric acid

Gut-associated lymphatic tissue

Nugclear transcription factor -1, -2, -3
Guanylate cyclase

Glucocorticosteroid

Granulocyte colony - stimulating factor(s)
Granulocyte - macrophage colony stimulating factor(s)
Granular membrane protein-140

Gastrin releasing peptide

Guanosine triphosphate

Histamine-receptors (I -,Hz-,H 3-)
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(Early)asthmatic response

Immune complex(es)

intracutaneous (=intradermal)

Intracellular adhesion molecule -1,-2
Interferon (oub,y)

Immunoglobulin

[mmediate hypersensitivity
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?L 1-12
i.m.
INCAM-110
INR
P,
ISR

T

Lv.

K1

L
LAD
LAM-1
LAR
LCF
LECAM-1
LEA-1
LGL
LH
LMW
LNR
LPS
LSR
LTA,
LTB 5
LTC,
LTD,
LTE,
LXA,
LXB,
LXC,
LXB,
LXE,
M54
MAC
MBP
McAb
MCAF
mcg
MCP-1
M-CSF
MC
MCre
MDGF
MEP
mg
MGF
MGG
MHC LII
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

ntravenous

Kit ligand = SCF (Stem cell factor)

Liter

Leukocyte adhesion deficiency

Leukocyte adhesion molecule-1

Late asthmatic response

Lymphocyte chemeattractant factor

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 E,

Muscarinic receptor 1,2,3

Membrane attack complex

Major basic protein

Monoclonal antibody

Monocyte chemotactic and activating factor
niicrogram = mg

Monocyte chemotactic and activating factor
Macrophage colony stimulating factor(s)
Mast cell- subtype containing tryptase (=mucosal type)
Mast cell - subtype containing tryptase and chymase
Macrophage-derived growth factor

Middle ear pressure

milligram

Mast cell frowth factor = SCF (Stem cell factor)
May-Griinwald Giemsa

Major histocompatibility complex I, I
Macrophage inflammatory peptide
Milliliter

MPO
mBNA
NAF
NALT
NANC
NAP -1,-2
INAR
NCA
NCF
INCF-A

NDA/NDS/NS =

NEP
NHT
NK

NK, 54
NKA
NKB
NMBrT
NMChT
NPG
NPT
NPY
NR

NS
NSAID
N-SH
OMS5

& n

I
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Myeloperoxidase

Messenger ribonucleic acid

Neutrophil activating factor

Nose associated lymphatic tissue
Non-adrenergic, non-cholinergic nervous system
Neutrophil activating peptide -1,-2

Nasal airway resistance

Neutrophil chemotactic activiry

Neutrophil chemotactic factor

Neutrophil chemotactic factor of anaphylaxis

Nedocromil Sodium

Neutral endopeptidase = enkephalinase
Nagal 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

Nasal secretions

Non-steroidal anti-inflammatory drugs
Naon-specific hyperreactivity

Otitis media secretory = Secretory otitis media (=SOM)
a “p” value (statistic parameter)

Pressure

Delta-pressure = pressure ditference(s)

Platelet activating factor(s)

Platelet activation dependent granule-external membrane protein
Passive anterior thinomanometry

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 I,

Peptide histidine isoleucine

Peptide histidine methionine

Phosphoinositide (3-kinase)

Protein kinase C

Phospholipase A,

Phospholipase C
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FLD
PRIST

RANTES
RAST

th
rhSCF
R, (RL)
Ry, (Rn}
RNA
Ry (RR)
SALT
SBT
SCF

SD

SE

SEM
SOM
SOM
sp
TAME-esterase
TCR
TGF
Th,

Th,
TNF (a, B)
T
TXA,
TXB,
VAP-1
VC
VCAM-1
VIP

VLA

Y

V-P

V-P
X-ray
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Phospholipase D

Paper-radio-immuno-sorbent test (estimation of the total IgE
antibodies concentration)

Protein (regulated upon activation, normal T-cell expressed and
secreted) from human

Radio-allergo-sorbent test (=estimation of the allergen-
specific IgE antibodies concentration)

Recombinant variant of a compound/factor
Recombinant human stem cell factor

Resistance of the left side of the nose

Total nasal resistance

Ribonudleic acid

Resistance of the right side of the nose

Skin-associated lymphatic tissue

Salbutamol

Stem cell factor

Standard deviation

Standard error

Standard error of the mean

Somatostatin

Secretory otitis media (=OMS)

Substance P

N-a-tosyl-L-arginine methyl esther

T-cell receptor (04 or ¥/8)

Transforming growth factor (o3,

T-lymphocyte of the helper cell subset, type 1 (IL-2, IEN-y, TNF-f3,
IL-3, GM-CSF)

T-lymphaocyte of the helper cell subset, type 2 (1L-4, IL-5, IL-6, 1L-10,
IL-3, CG-CSF)

Tumor necrosis factor (o,p)

Tissue plasminogen activator

Thromboxane A,

Thrombeoxane B,

Vascular adhesion protein-1

Vital capacity

Vascular cell adhesion molecule-1

Vasoactive intestinal peptide

Very late activation factor (-2,-5,-6)

Flow

Flow-Pressure

Volume-Presure

Roentgenogram
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