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Abstract

Platelet-activating factor (PAF) and kinins have been implicated, among other 

inflammatory mediators, in the pathophysiology of allergic rhinitis. This thesis describes 

a human model for quantifying the nasal allergic response, involving rhinomanometry, 

acoustic rhinometry and nasal lavage techniques, which have been used for examining 

nasal patency, vascular permeability, mast cell and eosinophil activation. The model was 

used to investigate the actions of PAF and kinins as putative mediators of allergic rhinitis, 

in the human nasal airway.

Bradykinin caused dose-related increases in nasal blockage and vascular permeability. A 

Bi agonist had no effect in the nasal airway, but the effects of bradykinin could be 

inhibited by B2  receptor antagonists. In addition, the effects of bradykinin could also be 

reduced by prior administration of the receptor antagonist, cetirizine or terfenadine.

In patients with perennial allergic rhinitis, antigen challenge resulted in an increase in 

nasal blockage which could be significantly attenuated by a Bj receptor antagonist, but 

the antigen had no effect on vascular permeability.

PAF induced a non-specific nasal hyperresponsiveness, which was maximal at 6  hours 

following treatment. It persisted for up to 24 hours and was associated with eosinophil 

activation in the nasal cavity. In addition, it was found that the oxygen free-radical 

scavenger, vitamin E, inhibited hyperresponsiveness and eosinophil activation induced by 

PAF.

These studies suggest that PAF may be involved in the nasal hyperresponsiveness 

characteristic of allergic rhinitis and that bradykinin causes vasodilatation and increases 

in vascular permeability in the nasal airway. Bradykinin appears to have direct B2 

receptor-mediated effects and can possibly also act via a histamine-mediated mechanism. 

In addition, these studies indicate that the pathophysiology of seasonal and perennial 

allergic rhinitis may differ.
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CHAPTER 1
Introduction

1.1 Introduction

The pathophysiology of the nasal allergic reaction has long been associated with the 

actions of histamine, but it is now apparent from nasal challenge studies that a wide 

variety of inflammatory mediators are involved; the relative importance of which remain 

fully to be elucidated. Histamine challenge may induce some of the signs of acute antigen 

challenge, but it is clear that the acute nasal response to any single exogenously applied 

mediator, or even antigen, does not mimic the clinical disease. There appear to be a 

number of differences, including, the duration of symptoms, different histological profiles 

and altered responsiveness of the nasal airway. In this context, studies are required 

further to investigate the mediators and mechanisms which may be responsible for these 

symptoms.

In recent years, accumulating evidence suggests that both platelet-activating factor (PAF) 

and kinins may be of importance in the pathophysiology of allergic airway diseases. PAF 

has been shown in humans, to mimic, to some extent, one of the events underlying 

allergic asthma, namely a non-specific airway hyperresponsiveness (Cuss et al., 1986). 

Similarly kinins have been implicated in asthma and allergic rhinitis, since they have the 

ability to induce basic signs of acute inflammation, both in animals and man (Regoli & 

Barabe, 1980).

1.2 Allergic rhinitis

Allergic rhinitis describes an inflammatory condition of the nasal mucosa which is 

characterised by symptoms of nasal congestion, sneezing, rhinorrhoea and pruritus of the 

nose and eyes. In addition, the nasal airway shows increased responsiveness to topical

17



stimuli such as histamine and methacholine. Such non-specific hyperresponsiveness is a 

cardinal sign of allergic rhinitis and has been used to differentiate rhinitics from healthy 

subjects (Borum, 1979; Druce et aL, 1985).

Allergic rhinitis implies an underlying hypersensitivity response mediated by IgE 

antibodies to foreign allergens. The hallmark of this is the appearance o f nasal symptoms 

following exposure to allergen. Allergic rhinitis may be seasonal or perennial in nature. 

In London, allergens responsible for seasonal allergic rhinitis include; tree pollens, during 

April and May; grass pollen in June; moulds, particularly those from Altemaria altemata 

and Cladosporium herbarum in August/September; and spores from Aspergillus fumigatus 

in the autumn. Patients with perennial allergic rhinitis usually exhibit positive skin and 

nasal reactions to the house-dust mite, Dermatophagoides pteronyssinus, together with 

animal danders and certain foods.

1.2.1 Epidemiology and genetic factors

The currently understood epidemiology of allergic rhinitis derives mainly from studies 

of physician-diagnosed disease. Estimates o f seasonal allergic rhinitis vary from 2 to 15% 

(Malmberg, 1979; Fleming & Crombie, 1987), according the age range examined and 

the diagnostic criteria. In Britain there has been one community-based survey in which 

the prevalance of both seasonal and perennial rhinitis was reported (Sibbald & Rink, 

1991). This survey involved approximately 3000 adults, aged 16-65 years, registered with 

a particular London general practice and estimated that 16% of the population had 

allergic rhinitis; 8 % with perennial symptoms alone; 6 % with both perennial and seasonal 

symptoms; and 2% with seasonal symptoms alone. The prevalence of allergic rhinitis 

appears to be lowest in children under 5 years of age, rising to a peak in young 

adulthood, and thereafter declining gradually, with the sex ratio among affected 

individuals being similar (Fleming & Crombie, 1987). The prevalence of atopy was 

examined in a proportion of these individuals and was found to be highest in those with 

seasonal allergic rhinitis, 78% as compared with 50% in those individuals with perennial 

symptoms alone (Sibbald & Rink, 1991). There was also variation reported in symptoms
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and their severity between these two types of allergic rhinitis. Subjects with perennial 

rhinitis had a higher prevalence of nasal blockage, whereas sneezing and itching were the 

most common symptoms in seasonal allergic rhinitis. It may be that the clinical 

characteristics of allergic rhinitis are related closely with atopic status, especially in 

seasonal allergic rhinitis.

Allergic rhinitis generally appears to be associated with asthma and eczema and there is 

good evidence that all three conditions have some genetic basis. Individuals who form 

IgE in response to "harmless" environmental factors and display hypersensitivity 

responses, are called "atopic". Atopy is closely related to serum IgE concentration; the 

production of which is known to be genetically influenced. The precise genetic control 

of this is unclear, although likely candidate genes include those for interleukin-4 (IL-4) 

and interferon-gamma (IFN-7 ), since IL-4 is essential for IgE synthesis and IFN - 7  has 

a negative regulatory effect (Plaut et aL, 1989). A gene predisposing to atopy has infact 

been localised on chromosome l lq  (Cookson et al., 1989), and more recent evidence 

shows that the gene for the jS subunit of the high-affmitiy receptor for IgE (FceRI-jS) is 

closely linked with the gene for atopy on this chromosome (Sandford et aL, 1993). The 

known role of FceRI in antigen-induced mast-cell degranulation makes this particularly 

interesting.

1.3 Pathophysiology of allergic rhinitis

One of the first detailed observations on allergic rhinitis was made in 1873 by Charles 

Blackley. He noted the nasal response following exposure to allergen; in this case, grass. 

An immediate effect was recorded consisting of sneezing, hypersecretion and nasal 

blockage, followed hours later by a recurrence of symptoms, now termed, the late-phase 

reaction (Blackley, 1873). It is currently appreciated that the major pathological changes 

which occur in allergic rhinitis are nasal airway inflammation and hyperresponsiveness. 

Nasal lavage and mucosal biopsy from patients with allergic rhinitis have revealed an 

increase in inflammatory cells during the pollen season (Pipkom et aL, 1988), and an 

increase in nasal airway responsiveness has also been demonstrated at this time
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(Andersson et al., 1989a).

1.3.1 Nasal airway inflammation

The onset of nasal symptoms is associated with infiltration of the nasal mucosa with 

inflammatory cells such as mast cells (Viegas et aL, 1987), eosinophils (Pipkom et aL, 

1988), neutrophils and lymphocytes (Bascom et aL, 1988). There are strong correlations 

between the number cells and the level of the mediator which they release. For example, 

basophil number correlates with histamine level, as does eosinophil number with the 

amount of major basic protein (Bascom et aL, 1988). This suggests that cellular 

infiltration is associated with subsequent degranulation of the cells. Thus, increased 

concentrations of a large number of inflammatory and immunological mediators are 

found. These include, histamine (Naclerio et aL, 1983a; 1983b), bradykinin (Proud et 

aL, 1983) and leukotrienes (Pipkom et aL, 1987a). Inflammation results from the actions 

of these substances on the nasal vasculature, on the mucus-secreting cells and glands, and 

on sensory nerves.

Nasal function can be dismpted in three main ways. First, mediators such as histamine, 

bradykinin and leukotrienes act directly on blood vessels and submucosal glands, causing 

increased mucosal vascular permeability with oedema, secretion and vasodilatation, 

leading to nasal blockage. Second, the same mediators will excite sensory nerve endings 

in the nasal epithelium and deeper mucosal tissues, setting up axon reflexes with the 

release of neuropeptides, such as, substance P, neurokinin A and CGRP. These 

neuropeptides will augment vasodilatation and transudation, and may modulate the 

secretions from submucosal glands (Cauna, 1982). Third, activation of the same sensory 

nerves also initiates central nervous reflexes via the sympathetic and parasympathetic 

motor nerves. The responses include sneezing and nasal irritation, reflex nasal 

vasodilatation and mucus secretion, and actions on the lower airways.

Inflammatory cells and mediators contributing to these responses are discussed in sections

1.4 and 1.5.
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1.3.2 Nasal airway hyperresponsiveness

Airway hyperresponsiveness has been stressed over the last decade as one o f the major 

factors involved in the pathogenesis of allergic disease of both the upper and lower 

airways. Hyperresponsiveness refers to an increased sensitivity of the airways to an 

allergen or chemical agonist, as indicated by a smaller concentration of agonist needed 

to initiate a response, as well as a greater maximal response (Woolcock et aL, 1984).

In 1960, a link between nasal airway hyperresponsiveness and nasal allergy was identified 

(Lier & Dishoeck, 1960). This report described patients with grass pollen allergy who 

demonstrated an increase in nasal responsiveness to intranasally applied veratrine, a 

mixture of alkaloids. Subsequent studies showed that repeated exposure to ragweed pollen 

in patients with pollen allergy increased the sensitivity to the pollen (Connell, 1969). 

Connell referred to this phenomenon as the priming effect and suggested that it was the 

result of an increased permeability of the mucous membrane, allowing the allergen access 

more easily to the underlying cells. An association between allergen exposure and nasal 

hyperresponsiveness has also been demonstrated by Borum and co-workers, where grass 

pollen allergic patients during the pollen season experienced an increase in nasal 

responsiveness not only to allergen, but also to other non-specific stimuli such as 

histamine and methacholine (Borum et aL, 1983).

The precise mechanism of non-specific nasal hyperresponsiveness remains to be 

elucidated. It is not possible to induce hyperresponsiveness to pollen with non- 

immunological stimuli such as exposure to ammonia (Bacon et aL, 1981), or to enhance 

nasal sensitivity to histamine by repeated challenge with histamine or methacholine 

(Gronberg et aL, 1986). However, allergen challenge does induce an increase in nasal 

responsiveness to histamine (Andersson et aL, 1989b), and methacholine (Klementsson 

et aL, 1990).

Several hypotheses for the mechanism of nasal hyperresponsiveness have been suggested. 

These include epithelial damage or malfunction, leading to increased access of agent to 

site of action; increased sensitivity of sensory nerve endings; change in parasympathetic
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and/or sympathetic tone on vessels and glands (Andersson & Pipkom, 1990); 

upregulation of receptors, e.g. increases in muscarinic receptor number has been found 

in patients with nasal allergy (Konno et al. , 1987); and redistribution towards the mucosal 

surface or changed numbers of inflammatory cells. The eosinophil in particular has been 

implicated in the pathogenesis of hyperresponsiveness by virtue of its ability to release 

mediators which have toxic effects on the epithelium (Frigas & Gleich, 1986). In general, 

few studies have attempted to correlate mediator levels with non-specific 

hyperresponsiveness.

In the lower airways, platelet-activating factor (PAF), has been suggested as a mediator 

responsible for bronchial hyperreactivity (Morley et aL, 1985; Benveniste, 1987). PAF 

is able to induce sustained bronchial hyperresponsiveness in guinea-pigs (Robertson et al. , 

1988), dogs (Chung et al., 1986), monkeys (Patterson et al., 1984) and man (Cuss et al.,

1986).

1.4 Role of inflammatory cells

The initial cellular event in the nasal allergic response is probably the contact of allergen 

with IgE-bearing mast cells and basophils and possibly other cells on, or in the nasal 

mucosal surface layer. Such contact and subsequent degranulation leads to the activation 

of many different cell types which have been shown to have a role in the inflammatory 

events occuring. Some of these cell types will be described here. However, these cells 

quite clearly have complex interactions, which in a "cascade" manner, precipitate the 

allergic response, and determine the degree of inflammation. Such events are further 

influenced and amplified by other pro-inflammatory mechanisms, such as the action of 

the adhesion molecules. Nasal biopsy tissue from individuals with perennial rhinitis shows 

an increased expression, on endothelial cells, of both intercellular adhesion molecule- 1  

(ICAM-1) and vascular adhesion molecule-1 (VCAM-1) (Montefort et aL, 1992). These 

adhesion molecules faciltate the infiltration of veuious cell types into the underlying 

airway tissue and promote tissue inflammation.
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1.4.1 Mast cells and basophils

An association between the mast cell and allergic airway disease has been well 

documented. Mast cells release a variety of preformed and newly synthesized mediators, 

which have been shown experimentally to account for several features of allergic rhinitis. 

These include histamine, PGD 2 and LTC4, as well as enzymes, such as tryptase, which 

may degrade certain peptides found in the nasal airway (Caughey, 1989). Heparin is also 

contained in mast cells bound to histamine. It has been suggested that mast cells may 

have a possible anti-inflammatory mechanism by virtue of releasing heparin (Page, 1991).

Mast cells have surface receptors which bind IgE with high affinity (FceRI). The tail 

piece or Fc portion of the IgE molecule is bound (at the Ch3 domain) by the high affinity 

receptors on the mast cell. Cross-linking of IgE leads to mast cell activation and 

degranulation. Histological evidence suggests mast cell activation and subsequent 

degranulation occurs in allergic rhinitis (Pipkom et aL, 1988). In addition, nasal biopsy 

tissue shows an increased number of mast cells in the lamina propria of asymptomatic 

rhinitis patients (Gomez et aL, 1986), and a further increase during the pollen season in 

patients with hayfever (Viegas et aL, 1987). Allergen challenge studies provide evidence 

for substantial mast cell degranulation occuring in biopsies of nasal mucosa taken 2 0  

minutes after nasal provocation with allergen (Gomez et aL, 1986). Further, nasal lavage 

taken following an allergen challenge, shows increased concentrations of tryptase and 

histamine (Naclerio et aL, 1985). Therefore, mast cell activation appears to be related 

to the events underlying allergic rhinitis. Sodium cromoglycate and nedocromil sodium 

which may act by inhibiting mast cell function, (Church & Warner, 1985) are topically 

effective in reducing nasal symptoms, and also effective in the treatment o f ocular 

allergy.

Several hours after allergen challenge, a further rise in nasal lavage fluid histamine is 

evident, although there is no increase in PGDg (Naclerio et aL, 1985). The time at which 

this occurs corresponds to the late phase reaction. Since histamine is derived from mast 

cells and basophils, but PGD 2 only from mast cells, it has been suggested that basophils 

are partly responsible for the late response (Naclerio et aL, 1985). The finding that the
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late nasal response is characterized by cellular infiltration of, and secretion by basophils 

and eosinophils (Bascom et aL, 1988b) supports the view that the basophil may be 

important for the late response.

1.4.2 Eosinophils

Tissue eosinophilia is a well established feature of allergic inflammation. Eosinophils 

have the capacity to generate a number of potent mediators including the basic proteins, 

eosinophil cationic protein (ECP) and major basic protein (MBP) which are stored in 

eosinophil granules (Spry, 1985). Other mediators such as PAF (Lee et aL, 1984), 

leukotrienes (Shaw et aL, 1985) and reactive oxygen species, including superoxide and 

hydrogen peroxide (Pincus, 1983) are formed de novo after eosinophil activation.

Evidence is accumulating to support a role for eosinophils in allergic rhinitis. Pipkom et 

aL, (1988) found a seasonal increase of eosinophils in nasal lavage fluid and 

demonstrated a close correlation between the number of cells, nasal symptoms and pollen 

counts. There are seasonal changes of eosinophil counts in nasal biopsies taken from 

patients with hayfever (Lozewicz & Davies, 1990). In addition to eosinophil counts, ECP 

levels have been measured in nasal lavage. It has been demonstrated that the ECP 

concentration of nasal lavage is raised 24 hours following nasal allergen challenge in 

patients with allergic rhinitis (Linder et aL, 1987). ECP levels quantitatively correlated 

with nasal symptoms.

Eosinophil activation involves the release of the toxic basic proteins which have been 

associated with epithelial damage and airway hyperresponsiveness. Both ECP and MBP 

cause shedding of guinea-pig isolated tracheal epithelium (Frigas et aL, 1980). Epithelial 

shedding is a characteristic of allergic airway disease and is one of the proposed 

mechanisms for airway hyperresponsiveness. The release of PAF by eosinophils could 

contribute to the induction of hyperresponsiveness, since PAF has been implicated as a 

mediator of bronchial hyperresponsiveness (Cuss et aL, 1986). PAF is also a potent 

eosinophilotactic agent (Henocq & Vargaftig, 1988), and promotes adherence of
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eosinophils to endothelial cell monolayers (Kimani et al. , 1988), possibly amplifying their 

effects.

The mechanism of increased eosinophil accumulation, activation and cytotoxicity at the 

sites of inflammation is largely unexplained. Selective chemotactic factors are thought to 

contribute to this effect (Wardlaw et al., 1986), but it is also likely that the interleukins, 

IL-3 and IL-5 are involved. IL-3 and IL-5 prolong the survival of eosinophils and IL-5 

has been shown to enhance cytotoxicity and increase respiratory burst activity, promoting 

the formation of toxic oxygen species (Lopez et al., 1988).

It is, therefore, likely that eosinophils are associated with allergic rhinitis, although 

evidence is largely circumstantial. Steroids are effective in reducing eosinophil numbers 

in the nasal mucosa (O’Conner et al., 1991) and this has been attributed to inhibition of 

the production of the cytokine, IL-5. In this context, it is of interest that allergic 

inflammation is characterised by the expression of the mRNA for cytokines, IL-3, IL-4, 

IL-5 and GM-CSF (Kay et al., 1991).

1.4.3 Platelets

Interest in platelets as inflammatory cells has developed in parallel with interest in FAF. 

Platelets produce PAF, along with leukotrienes and other mediators. In guinea-pig models 

of asthma, PAF-induced effects are dependent on platelets (Vargaftig et al., 1980), but 

it is not clear whether the effects of PAF in man involve platelet activation. Platelets can 

be additionally activated by IgE-dependent mechanisms (Joseph et al., 1983). There are 

low affinity IgE binding sites (FceRII, CD23) on the surface of platelets and IgE- 

mediated platelet activation probably occurs in allergic airway diseases. Platelet activation 

markers such as platelet factor 4 and jO-thromboglobulin are reported to be elevated in 

atopic subjects following allergen challenge (Knauer et al., 1981).
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1.4.4 Neutrophils

Neutrophils have been identified in nasal lavage in increased numbers following allergen 

challenge (Bascom et aL, 1988a), but their precise role is undetermined. Neutrophils are 

undoubtedly capable of synthesizing substances which may contribute to the 

pathophysiology of allergic rhinitis, such as LTB4 , LTC 4  and PAF (Barnes & Costello,

1987). An association between neutrophil infiltration and airway hyperresponsiveness has 

been suggested in some animal models of asthma (O'Byrne et al., 1987). Neutrophil 

granules contain a variety of lytic enzymes, such as myeloperoxidase (MFC), which may 

disrupt epithelial cells. Neutrophils appear in airway tissue along with eosinophils, which 

have been implicated in epithelial damage (Holtzman et al., 1983; Frigas & Gleich, 

1986). However, after challenge with PAF, there appears to be a negative association 

between the increase in lower airway responsiveness and the number of neutrophils in 

bronchoalveolar lavage fluid (Wardlaw et al., 1990). Whether this can be extrapolated 

to the nasal airway is unknown. Nasal allergen challenge studies have shown no 

relationship between MFC, as a marker of neutrophil activity, and the symptoms of the 

patients (Linder et al., 1987). To date, there is no convincing evidence that neutrophils 

play an important role in allergic rhinitis.
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1.5 Role of inflammatory mediators

Specific information on the role of a number of mediators involved in generating the 

symptoms of allergic rhinitis is still evolving. Current knowledge has been obtained from 

experimental studies which have;

1) demonstrated the local release of mediators in conjunction with an appropriate 

stimulus;

2) shown that application to the nasal mucosa of the putative mediator induces 

relevant symptoms;

3) provided evidence that the response to allergen challenge can be blocked 

pharmacologically with administration locally, or systemically, of a specific 

antagonist.

Studies involving allergen challenge of nasal tissue in vitro (Kainer et al., 1973) and 

more recently using nasal lavage models for recovery of nasal secretions in vivo, have 

indentified a vast number of putative mediators of inflammation in humans (Naclerio et 

al., 1983; 1985; Creticos et al., 1984; Pipkorn et al., 1987a; 1987b). The origin of these 

mediators may be a specific cell population, a group of nerves or plasma (table 1.1).

Putative inflammatory mediators of allergic rhinitis will be discussed with emphasis on 

platelet-activating factor and kinins.
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Cellular origin Plasma-derived factors Neural-derived factors

Mast cells/basophils 

histamine 

PGDz 

tryptase

Eosinophils

ECP

MBP

kinins

complement factors

substance P 

neurokinin A 

VIP 

CGRP

neuropeptide Y

Neutrophils

MPO

Platelets

PAF

5-HT

Various cell types 

PAF 

LTC4 /D 4  

PGE2  

PGD 2 

PG P,.

Table 1.1 Origin of putative inflammatory mediators involved in allergic rhinitis 

Taken from: Pipkorn, 1989.
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1.5.1 Histamine

Histamine has long been recognised as a mediator of the acute allergic reaction. In 1911, 

Dale demonstrated that histamine had potent vasodilator activity (Dale & Laidlaw, 1911). 

This, together with its more recently discovered abilities to stimulate sensory nerve 

endings and induce oedema, as a consequence of opening endothelial cell "tight junctions" 

in postcapillary venules, has implicated histamine in the pathophysiology of allergic 

rhinitis (reviewed by Naclerio & Togias, 1991).

Histamine levels in nasal secretions from patients with allergic rhinitis, rise dramatically 

following nasal allergen challenge, in association with the development of nasal pruritus, 

sneezing, rhinorrhoea and nasal blockage (Naclerio et al., 1983a; 1983b). The actions 

of histamine are mediated through three distinct receptors, defined pharmacologically by 

the actions of their respective agonists and antagonists. Actions of histamine important 

in allergic rhinitis have been studied in vivo by; evaluation of the response to nasal 

provocation with histamine; and evaluation of the effect of H^-receptor antagonists on the 

nasal allergic response. These investigations have revealed that the nasal effects of 

histamine are primarily mediated via the H^-receptor (Rokenes et al., 1988; Simons & 

Simons, 1988). Such effects probably account, almost entirely, for the sneezing and 

pruritus of allergic rhinitis, and to a lesser extent, for nasal blockage and increases in 

vascular permeability, since these latter effects are short-lived and of lesser magnitude 

than those observed with equimolar concentrations of bradykinin (Rajakulasingam et al., 

1991) or LTC4 (Miadonna et al., 1987). Hz-receptor antagonists have a small effect on 

nasal symptoms in some patients with allergic rhinitis and this is consistent with Hg- 

receptors, in addition to H^-receptors, being localised on vascular tissue (Pipkorn, 1990). 

However, an Hj-receptor antagonist is not sufficient to abolish the residual effects 

following Hi-antagonist treatment .

Numerous studies with a large range of H^-receptor antagonists identify benefit in 

reducing nasal symptoms (Naclerio & Togias, 1991), implying that histamine has a major 

role in the genesis of the nasal allergic response. A large series of these drugs is 

available, but the newer, second-generation compounds such as terfenadine, cetirizine.
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astemizole and loratadine, are more popular, because they are less lipophilic, reducing 

their ability to cross the blood-brain barrier, thus reducing their sedative actions. 

However, the effectiveness of such treatment is probably dependent, to some degree on 

the allergen inducing the rhinitis. Patients with seasonal allergic rhinitis appear to suffer 

more from sneezing and itching than nasal blockage, which is the major problem for 

patients with perennial rhinitis (Sibbald & Rink, 1991). Clinical observations suggest that 

Hi-antagonists may be more successful in seasonal rhinitics (Dr. G.K. Scadding, Royal 

National Throat, Nose and Ear Hospital, London - personal communication). Thus, this 

is consistent with the involvement of other mediators in allergic rhinitis.

1.5.2 Platelet-activating factor 

Historical background

The release of histamine from platelets during the acute allergic response in sensitised 

rabbits was reported in the sixties, and attributed to a factor actively released from 

leukocytes (Barbaro & Zvaifler, 1966). In 1972, Benveniste and co-workers (Benveniste 

et al., 1972), demonstrated that this histamine release was the result of IgB-mediated 

activation of the rabbit basophils, causing the release of a soluble mediator capable of 

causing platelet activation. Because of this property, the mediator was named platelet 

activating factor (PAF). These observations raised the question as to whether platelets 

were involved in allergic reactions.

In 1979, the chemical structure of PAF was identified as l-o-alkyl-2-acetyl-sn-glyceryl-3- 

phosphorylcholine (Benveniste et al., 1979; Demopolous et al., 1979; Blank et al., 

1979). A number of molecular species belong to this general structure (Pinkard et al.,

1984) but those with alkyl groups of and Ĉ g have been most commonly associated 

with biological fluids and inflammatory cell types (Ludwig & Pinkard, 1987; Mallet & 

Cunningham, 1985).

Although studies have been performed with native PAF, the availability of synthetic PAF 

(Godfroid et al., 1980) has allowed a more extensive investigation of the biological

30



actions and roles of PAF in physiological and pathophysiological processes.

Biosynthesis and metabolism

PAF is synthesised by two independent enzymatic pathways; the remodeling pathway and 

the de novo pathway (reviewed by Braquet et al., 1987). The remodeling route involves 

the structural modification of a pre-existing membrane lipid, alkylacyl- 

glycerylphosphocholine (GPC), via hydrolysis by phospholipase A2 (PLAj) to produce 

lyso-PAF and arachidonic acid. PAF is then formed by a rate limiting step in which a 

cytosolic acetyl transferase enzyme converts lyso-PAF to PAF. The alternative pathway 

is the de novo synthesis of PAF from alkyllyso-glycerophosphate. This involves a 

reaction sequence of acétylation and the subsequent transfer of a phosphorylcholine group 

by a cholinephosphotransferase enzyme to form PAF (Figure 1.1).
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LP-choline

remodelingde novo
PAF

OR

P-choline

Membrane
Lipid

Ether
Lipid

intermediates

4. tatty add (20:4) 
hydrolysis

5. acetate 
transfer

1. acetate 
transfer

2. Phosphate 
hydrolysis

3. P-choline 
transfer

Figure 1.1

Summary of the reaction steps involved in the biosynthesis of PAF by two separate 

pathways: de novo (steps 1 to 3) and remodelling (steps 4 and 5) pathways.
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Hypersensitivity and pathophysiological reactions are thought to be caused by activation 

of the remodeling pathway, whereas the de novo route is probably the source of 

endogenous PAF required for physiological functions (Snyder, 1990). Inactivation of PAF 

occurs when the acetate group is hydrolysed by one of two types of acetylhydrolase 

enzyme present in plasma and intracellularly in the cytosol. The product of the action of 

these enzymes is lyso-PAF: the precursor and the metabolite of PAF.

Cellular origins o f  PAF

It is now recognised that various cell types are capable of synthesizing PAF in response 

to a range of allergic and non-allergic stimuli (Braquet et al., 1987). However, 

measurement of released PAF does not necessarily relate to synthesized PAF, since 

human neutrophils and money tes respond to stimulation by synthesizing PAF, but the 

majority of the lipid remains within the cell (Lynch & Henson, 1986).

A large number of human cell types synthesize and/or release varying amounts of PAF. 

These include neutrophils, money tes, cdveolar macrophages, eosinophils, platelets, 

lymphocytes, endothelial cells and fibroblasts (Braquet et al., 1987). It has recently been 

demonstrated that eosinophils from patients with eosinophilia have an enhanced capacity 

to release PAF following activation (Lee et al., 1984). It appears that in these 

individuals, the normally rate-limiting acety 1-transferase enzyme involved in PAF 

synthesis is no longer rate-limiting (Snyder, 1985). This raises the possibility that allergic 

individuals may have a genetic defect in this enzyme which may predispose them to 

abnormal eosinophil activation (Page & Coyle, 1990).

Pharmacological properties o f  PAF relevant to the pathogenesis o f  rhinitis

The implication of PAF in the pathogenesis of allergic rhinitis is based on its ability to 

induce a non-specific bronchial hyperresponsiveness in humans (Cuss et al., 1986). PAF 

is the only endogenous agent shown to induce bronchial hyperresponsiveness, which can 

persist for up to 14 days (Barnes, 1986). This correlates well with allergen-induced 

changes in bronchial responsiveness in asthmatics. In the nasal airway, there is evidence
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of PAF metabolic pathway activation following antigen challenge (Miadonna et al., 

1989), although, to date, there have been very few studies of the effect of PAF in the 

nasal airway. Andersson & Pipkorn (1988) reported that nasal instillation of PAF had 

only a minor effect on changes in nasal patency and nasal symptoms as compared to 

placebo. This, however, gave no information about a possible action of PAF in causing 

hyperresponsiveness. These authors then went on to show that a single dose of PAF 

induced an increase in responsiveness of the nasal vasculature to a subsequent allergen 

challenge, but, surprislingly, concluded that PAF was not of major importance in the 

nasal airway. The lack of effect of PAF when applied alone does not mean that it may 

not have a modulatory role in the nasal airway. In the lower airways, PAF has been 

shown to induce an increase in airway resistance (Cuss et a l., 1986), but a lack of effect 

in the nasal airway may be attributed to the absence of non-vascular smooth muscle. In 

addition, Andersson & Pipkorn (1988) used only one dose of PAF and it may be that the 

dose is critical.

In the lower airways PAF has been shown to elicit increased vascular permeability 

(Barnes et a l., 1986) probably by a direct effect on the vascular endothelial cells since 

it c<m only be inhibited by specific PAF-receptor antagonists and not by antagonists of 

other mediators of vascular permeability, such as eicosanoids and histamine (Archer et 

al., 1985). PAF has also been demonstrated to induce activation of many cell types 

(Page, 1988). For example, PAF-induces eosinophil accumulation in the skin of atopic 

subjects and this is comparable to that induced by allergen (Henocq & Vargaftig, 1986). 

The possible role of PAF in cell activation and subsequent hyperresponsiveness and 

inflammation in the nasal airway will be discussed in more detail in chapter 7.

PAF receptors and signal transduction mechanisms

The structural specificity, high biological potency and specific inhibition of PAF by PAF 

antagonists is indicative of a specific PAF receptor which initiates the responses to PAF 

in vitro and in vivo. Radioligand binding studies using pH]-PAF have provided evidence 

for the existence of specific PAF binding sites in human lung tissues (Hwang et al.,

1985) , although as yet, no similar studies have been performed in human nasal biopsy
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tissue. Radioligand binding studies with many other cell types have made it clear that 

PAF receptors cire present in cells responsive to PAF (reviewed by Hwang, 1990). One 

important outcome of these studies is that there may be heterogeneity in PAF receptors. 

Ligand binding with structurally different antagonists has identified high- and low-affinity 

binding sites on cells from the same species (Hwang, 1990). PAF may also act 

intracellularly and serve as a mesenger within the cell through interaction with 

intracellular PAF receptors (Shukla, 1992). Whether the PAF receptors on the plasma 

membrane differ from intracellular receptors is unknown. However, the recent cloning 

of the PAF receptor from guinea-pig lung (Honda et al.^ 1991) and new molecular 

biological approaches may lead to further developments in this area.

PAF antagonists

A number of different classes of drugs have been found to possess antagonistic activity 

at the PAF receptor. The first selective antagonist described was an analogue of PAF, 

CV3988 (Terashita et a l., 1983). This was followed by a series of compounds structurally 

similar to PAF with antagonist activity. Other PAF antagonists include those isolated 

from natural products. Kadsurenone was isolated from the Chinese medicinal herb. Piper 

JUtokadsurae (Shen et a l., 1985) and led to the synthesis of more potent analogues such 

as L-652-731, (Hwang et al., 1985). Shortly after this, another group of compounds was 

discovered in the leaves of the tree. Ginkgo biloba, the most potent of which is 

gingkolide B (BN 52021). The gingkolides are an ancient remedy for chest complaints 

and a combination of them (BN52063), containing 40% gingkolide B, has been 

demonstrated to be a selective PAF antagonist in healthy volunteers (Chung et al., 1987). 

Other synthetic molecules, with a diverse range of chemical structures, have also been 

described as PAF antagonists. These include the triazolobenzodiazepines e.g. alprazolam 

and triazolam (Komecki et al., 1985), and their analogues e.g. WEB2086, which are 

potent PAF antagonists but have no sedative effect (Casals-Stenzel & Weber, 1987), and 

the pyrrolo-thiazole derivative, RP-48740 (Lefort et al., 1988).

Despite the structural diversity of these compounds, the computerised construction of a
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putative PAF receptor indicates that all of the PAF antagonists share spatial features as

well as lipophilic and hydrophilic regions that can interact within the constraints of the

hypothetical receptor (Braquet & Godfroid, 1987).

1.5.3 Kinins

Kinins are potent vasoactive peptides formed de novo in body fluids and tissues. They are 

derived from the a 2-globulins (high and low molecular weight kininogens) by the action 

of proteolytic enzymes: tissue and plasma kallikreins. Tissue kallikrein has been reported 

to be present in both the human nasal airway and human lung, and increased 

concentrations have been detected following allergen challenge (Baumgarten et al., 1986; 

Christiansen et al., 1992). This may be of particular relevance to kinin generation during 

inflammatory reactions in the airways. Two kinins are known to be of physiological 

relevance in man (Regoli & Barabe, 1980); bradykinin and lys-bradykinin or kallidin.

bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg)

lys-bradykinin (Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg)

(kallidin)

Once generated, kinins have multiple biological actions and have been implicated in 

several pathological processes including; asthma, rheumatoid arthritis, shock, pancreatitis, 

wasp stings (Kellermeyer & Graham, 1968) and more recently, allergic rhinitis (Proud 

et al., 1983). The actions of kinins are effected through interaction with specific, cell- 

surface receptors (Regoli & Barabe, 1980).

Virtually all tissues and biological fluids contain specific peptidases (kininases) which can 

rapidly degrade kinins and thus limit their actions. Kinin degradation is largely initiated 

by carboxypeptidase N (kininase I) and angiotensin-converting-enzyme, ACE (kininase 

II). Carboxypeptidase acts via removal of the C-terminal arginine residue, yielding the 

Des-Arg metabolites, [Des-Arg^-bradykinin and [Des-Arg^^-kallidin (Erdos, 1979), 

while ACE degrades kinins and Des-Arg metabolites by removal of C-terminal di- and
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tri-peptides respectively (Sheikh & Kaplan, 1986). In addition, plasma proteases and 

neutral endopeptidases may also play a role in the metabolism of kinins (Erdos & 

Skidgel, 1989).

Kinin receptors and antagonists

Kinins act on at least two different membrane kinin receptors, which have been named 

Bi and B2  receptors (Regoli & Barabe, 1980). Kinin receptor classification was originally 

based on the potency of various agonists in a number of isolated smooth muscle tissue 

preparations, (Regoli & Barabe, 1980). In the rabbit jugular vein and in canine tracheal 

strips, both bradykinin and kallidin selectively activate B2  receptors, while the Bj agonist, 

[Des-Arg^]-bradykinin has no effect (Regoli & Barabe, 1980). However, on the rabbit 

aorta, [Des-Arg^]-bradykinin induces contraction, whereas both bradykinin and kallidin 

have no effect (Regoli et al., 1977). The orders of potency of kinin agonists on the Bj 

and B2  receptors are as follows:

Bi [Des-Arg^°]-kallidin >  [Des-Arg^]-BK =  kallidin >  >  BK

B2 BK =  kallidin >  >  [Des-Arg^^-kallidin >  [Des-Arg^]-BK

Such orders of agonist potency (Regoli & Barabe, 1980) indicate that most effects of 

bradykinin in vivo, such as inflammation, bronchoconstriction and hypotension, and in 

isolated tissue preparations (cat ileum, canine tracheal strips, rat vas deferens) are 

mediated by B2 receptors. This is supported by the actions of selective kinin receptor 

antagonists.

Peptide antagonists for the B̂  receptor were developed after the observation that the 

agonist effect of [Des-Arg^]-bradykinin was dependent upon the presence of a 

phenylalanine residue at position 8  in the bradykinin sequence. Following this, further 

modification in the form of replacement of Phe* with aliphatic amino acids resulted in 

selective competitive antagonist activity (Regoli et al., 1977). One of the first antagonists
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produced, [Leu^]Des-Arg^-bradykinin and its related analogue, [Leu^]Des-Arg^°-Lys- 

bradykinin, have been the most potent and widely used Bj antagonists. [Leu*]Des-Arg^- 

bradykinin inhibits the contractile effects of bradykinin in the rabbit aorta, but not in the 

rabbit jugular vein, confirming the different kinin receptor types in these tissues.

The availability of specific B2 receptor antagonists, however, has revealed a complex 

picture of B2  receptors. The fundamental work of Vavrek & Stewart (1985) suggested that 

the structural modification that confers antagonism to bradykinin at B2 receptors is the 

replacement o f the proline residue at position 7 in the bradykinin sequence with D- 

phenylalanine. A further selective increase in affinity for the B2  receptor was achieved 

by replacing Pro^ with Hyp and extending the peptide chain at the N-terminal with D-Arg 

(Regoli et al., 1990). Numerous antagonists have since been developed with additional 

or alternative structural modifications (Regoli et al., 1990), in the search for a compound 

with enhanced metabolic stability and increased potency. The availability of these 

antagonists has revealed possible heterogeneity among B2  receptors. One of the D-Phe^ 

analogues developed, [ThP \D-Phe^]-bradykinin, which was found to be a moderately 

potent antagonist of bradykinin-induced contraction of the guinea-pig ileum (pA2  =  6.4) 

(Vavrek & Stewart, 1985) was discovered to have an agonist effect on twitch tension 

(neurogenic) responses mediated by the pre-synaptic kinin receptor in the vas deferens 

(Llona et al., 1987), a "classical" B2 system. However, it acted as an antagonist at the 

post-junctional receptor site (Llona et al., 1987) which mediates a musculotrophic action. 

From this study and those of others (Rifo et a l., 1987) it has been proposed that possible 

subtypes of B2  receptor exist. A B2 receptor of distinct neuronal location has been 

identified (Llona et al., 1987) whereas in non-neuronal systems, the presence of at least 

two further B2 receptor subtypes have been proposed (Plevin & Owen, 1988).

The existence of an additional novel bradykinin binding site in the large airways has also 

been suggested. This is based on studies in guinea pig isolated airways, where 

bradykinin-induced contractions were resistant to inhibition by the B2  antagonists, [D- 

Arg°,Hyp^,D-Phe^]-bradykinin and [D-Arg°,Hyp^,Thi^ \D-Phe^]-bradykinin, as well as 

a Bj antagonist, [Des-Arg^Leu*]-bradykinin, (Farmer et al., 1989). Ligand binding 

studies indicated specific binding sites for bradykinin but not for [Des-Arg^]-bradykinin.
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ruling out the presence of a receptor. In addition, neither nor B2 antagonists 

displaced bradykinin from the tracheal binding site, and in lung membranes, the Bj 

antagonist, [D-Arg°,Hyp^,D-Phe^-bradykinin displaced only 60% of total specifically 

bound bradykinin. Thus it was suggested that pulmonary tissue contains a novel, "B^" 

receptor (Farmer et al., 1989). Further evidence for the existence of the putative B3 

receptor followed the development of one of the most potent and long-acting bradykinin 

antagonists to date:

[D-Arg°,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin or Hoe 140 (Hock et al., 1991; Wirth et al., 

1991). This compound has increased potency conferred by replacement of D-Phe^ by D- 

Tic, and further antagonist potency was achieved by introducing the highly lipohilic, Oic 

in position 8  (Knolle et al., 1992). This molecule is also highly resistant to enzymatic 

degradation, since it is not a substrate for ACE or carboxypeptidases (Hock et a l., 1991). 

Studies with this antagonist indicate that it is active at B2  receptors (Hock et al., 1991; 

Wirth et al., 1991) and also in tissues where the effects of bradykinin are resistant to 

other B2 antagonists. These tissues include the guinea-pig trachea (Perkins et al., 1991) 

and taenia caeci (Field et al., 1992), both of which are proposed to contain the putative 

B3 receptor (Farmer et al., 1989; Perkins et al., 1991; Field et al., 1992).

Further improvements in the selectivity of kinin antagonists are needed to identify 

possible kinin receptor subtypes. Many of the B2  antagonists available are partial agonists 

(Rifo et al., 1987) and release other mediators such as histamine (Devillier et al., 1988); 

some have low affinity and are not completely selective for B2  receptors, having some 

affinity at Bj sites (Regoli et a l., 1986). At present, the lack of inhibitory effect of Bj and 

B2 receptor antagonists on bradykinin-induced contractions in the guinea-pig airways, 

could be explained by a non-receptor action involving the activation of the arachidonic 

acid cascade (Rhaleb et al., 1988).

Characterisation of kinin receptors may proceed in the future by applying new molecular 

biological approaches. A human kinin B2  receptor has recently been cloned from a human 

lung fibroblast cell line (Hess et a l., 1992), although the agonist and antagonist properties 

of bradykinin analogues at the cloned receptor do not match strictly the pharmacological 

profile described for the rat or guinea-pig B2  receptor subtypes or the putative B3 type.
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This discrepancy has been attributed to species differences but may also imply that the 

existence of B3 receptors and B2  subtypes is questionable.

To date, bradykinin receptor subclassification has been based on functional and ligand 

binding studies. Signal transduction pathways should also be considered, but at the 

present time, this is complicated by the fact that and B2 receptor-mediated responses 

are thought to share the same transduction mechanism (Farmer & Burch, 1991a). 

Activation of bradykinin receptors leads to stimulation of the activity of 

phosphatidylinositol-specific phospholipase C, resulting in the formation of inositol 

phosphates and diacylglycerol (Burch et al., 1990). In most tissues, eicosanoid synthesis 

is enhanced, probably by release of arachidonic acid from diacylglycerol produced by 

inositol lipid hydrolysis (Farmer & Burch, 1991a). Both bradykinin receptor- mediated 

inositol lipid hydrolysis and eicosanoid release are dependent on the coupling of the 

receptor to one or more guanine nucleotide binding proteins, - G proteins (Francel et a l. , 

1989), suggesting that bradykinin receptors belong to the class of receptor comprising 

seven hydrophobic transmembrane spanning regions, like muscarinic receptors, 

adrenoceptors and a variety of peptide receptors. In addition, bradykinin receptor 

activation often leads to increased cellular accumulation of cyclic AMP. This may be due 

to stimulation of the biosynthesis of eicosanoids which bind to their receptors and activate 

adenylate cyclase (Brunton et al., 1976).

Kinins in inflammation

Evidence is accumulating to suggest that kinins have a central role in the pathophysiology 

of inflammation, such as that associated with asthma and rhinitis. The basis of this is that 

kinins have actions which reproduce the symptoms of acute inflammation, including 

vasodilatation, increased vascular permeability and stimulation of sensory nerves (Regoli 

& Barabe, 1980). Kinin B2  receptors have been mapped out at potential sites of 

inflammation in human and guinea-pig lung by autoradiography with pH]-bradykinin 

(Mak & Barnes, 1991). Binding sites were revealed in endothelial cells of bronchial and 

pulmonary vessels, epithelial cells, airway smooth muscle, submucosal glands and nerve
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endings. The autoradiographic distribution of B2 receptors in the human nose has also 

been investigated. Binding with [‘̂ ^I]-bradykinin to human inferior turbinate nasal mucosa 

was examined. This revealed binding sites on small arteries, venous sinusoids and 

submucosal fibres, but no specific binding to mucosal glands or goblet cells was found 

(Baraniuk et aL, 1990c). The binding of bradykinin to vessels rather than glands is 

consistent with a direct effect of bradykinin in altering vascular tone and permeability in 

the human nasal mucosa (see chapter 4). In addition to kinin receptors being localised at 

sites where inflammation in the airways is known to occur, kinins are also found in 

increased amounts at the site of tissue injury. Furthermore, local conditions related to 

inflammation, such as increased pH of plasma exudate, favour the accumulation of kinins 

(Polosa, 1993). There are also reports suggesting that the kinin-kallikrein pathway is 

activated in inflammation. A number of inflammatory cell types liberate proteases which 

may have kallikrein-like activity. Both mast cell (Proud et aL, 1985) and basophil 

(Newball et aL, 1979) proteases display kallikrein activity in vitro. Therefore, it is 

possible that this activation pathway may be important in vivo, leading to enhanced kinin 

generation at multiple sites.

The function of kinins in allergic rhinitis will be addressed in chapters 4 and 5.

1.5.4 Eicosanoids 

Leukotrienes

In vitro stimulation of human eosinophils, mast cells, monocytes, and basophils leads to 

the generation of either the sulphidopeptide LT’s (LTC4, LTD4 and LTB4) or LTB4, 

through the metabolism of membrane-bound arachidonic acid by the enzyme 5- 

lipoxygenase (Lewis et aL, 1990). These inflammatory mediators can increase vascular 

permeability at the site of post-capillary venules and facilitate plasma leakage and 

oedema, as well as cellular diapedesis (Drazen et aL, 1980). LTB4 is a potent 

chemoattractant for neutrophils (Palmblad et aL, 1981), and both the sulphidopeptide 

LT’s and LTB4 enhance human airway mucus secretion, with LTD4 being the most potent 

stimulant studied (Marom et aL, 1982). This knowledge encouraged a number of studies
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by various investigators to determine the participation of the LT’s in the events 

underlying rhinitis.

Initial studies correlated antigen challenge with increased levels of sulphidopeptide LT’s 

in subsequent lavage (Creticos et aL, 1984). This applied to allergic subjects only, and 

moreover, was specific to the allergic reaction, since nasal methacholine challenge had 

no effect on LT detected in nasal secretions (Shaw et aL, 1985). Analysis of lavage fluid 

obtained after antigen challenge demonstrated that the sulphidopeptide LT’s, LTC4, LTD4 

and LTE4 were all present, immediately and several hours after challenge, although LTC4 

predominated in both the early and late phase responses (Pipkorn et aL, 1987a). Small 

amounts of LTB4 have been identified in lavage fluid samples taken during the early 

response to antigen challenge (Shaw et aL, 1985; Freeland et aL, 1989) and also during 

the late response, although this had no relation to neutrophil counts, a likely source of 

LTB4 (Freeland et aL, 1989). Other studies have attempted to correlate seasonal exposure 

to antigen in grass-sensitive individuals with LT levels by examining urinary levels of 

LTE4. However, this study failed to detect any significant changes between LTE4 levels 

in and out of pollen season (Taylor et aL, 1989).

Nasal provocation tests with LTD 4  have resulted in significant increases in nasal airway 

resistance and nasal blood flow, but no effect was observed on nasal secretions (Bisgaard 

et aL, 1986). Okuda et aL, (1988) performed studies which support these observations, 

and likened the LTD4 -induced increase in nasal airway resistance to that observed after 

antigen challenge. Thus, these investigators proposed that LTD4  is primarily involved 

with the nasal congestion associated with allergic rhinitis. It should be noted, however, 

that this may not be an exclusive effect of LTD4 . On the basis of the study by Pipkorn 

et aL, (1987a), LTC4  may induce nasal symptoms in provocation studies, but has not 

been employed, because it is rapidly metabolised.

Leukotriene antagonists have been developed, but have not yielded much information 

regarding the role of LT’s in rhinitis because of their low potency. In one study, the 

orally administered LTD4 antagonist, L-649,923 had no effect when compared with 

placebo on the response to nasal antigen challenge (Flowers et aL, 1990). This was
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attributed to low affinity of the compound for the receptor, but may also indicate that 

LT’s other than LTD4  are more important in rhinitis. In another study, Knapp (1990) 

showed that the 5-lipoxygenase inhibitor, A-64077 had some effect in reducing allergen- 

induced nasal congestion and LTB4 production. Considering these studies, a possible role 

for the LT’s in allergic rhinitis is possible, although further investigation with more 

potent antagonists, to determine the relative importance of the LT’s, is required.

Prostaglandins

Prostaglandin (PG) D2  has been found in increased concentrations in the nasal lavage of 

subjects immediately following antigen challenge (Naclerio et at., 1983a; 1983b). 

However, the functional significance of this is unclear. PGE2  is known to produce 

vasodilation of nasal resistance vessels (Lozewicz & Davies, 1990), but the relative 

contribution of this to nasal blockage occuring in allergic rhinitis compared with 

mediators such as bradykinin is unknown. It has been suggested that prostaglandins may 

indirectly cause the effects of other mediators in the nasal airway; namely, bradykinin. 

However, treatment of subjects with aspirin prior to bradykinin challenge, had no effect 

on bradykinin-induced increases in vascular permeability or symptom scores for nasal 

blockage (Churchill et aL, 1991). Similarly, cyclooxygenase inhibition in patients with 

allergic rhinitis does not appear to have a beneficial effect (O’Byrne & Fuller, 1989).

1.5.5 Neuropeptides

Neuropeptides are located in all 3 types of nerve fibres innervating the nose; type C 

sensory nerves, parasympathetic and sympathetic nerves. Sensory fibres from the 

trigeminal nerve contain several neurotransmitters including calcitonin gene-related 

peptide (CGRP), the tachykinins, substance P (SP) and neurokinin A (NKA) (Lundberg 

et aL, 1987), and gastrin-releasing peptide (GRP) (Sunday et aL, 1988). Parasympathetic 

neurones contain, in addition to acetylcholine, vasoactive intestinal peptide (VIP) and 

peptide histidine methionine (Said & Mutt, 1988) and sympathetic neurones contain 

noradrenaline and neuropeptide Y (NPY) (Baraniuk et aL, 1990a).
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Neuropeptides produce many different effects mediated by surface receptors (reviewed 

by Barnes et aL, 1991a; 1991b). Functional responses in the nasal airway and their 

relevance to allergic rhinitis continue to be investigated. Immunohistochemistry and 

autoradiography has been used to locate neuropeptides within the nasal mucosa and to 

identify the distribution of specific neuropeptide binding sites. These investigations, 

together with results from studies using nasal turbinate explants to assess the effect of 

neuropeptides on glandular secretion (Raphael et aL, 1991), have indicated the function 

of each peptide. Submucosal glands are rich in both receptors and fibres for, in 

descending order, GRP, VIP, SP and NKA. These have been shown to be secretagogues, 

with an order of potency corresponding to their receptor density (Raphael et aL, 1991). 

The pro-secretory activity of VIP is evident from therapeutic interventions with 

cholinergic antagonists. VIP is a product of parasympathetic neurones and therefore can 

be inhibited by atropine-like drugs, such as ipratropium bromide, a derivative of isoproyl 

noratropine, which has a low lipid solubility and a low level of systemic side effects. This 

compound has an anti-secretory action widely demonstrated in rhinitic subjects (Dolovich 

et aL, 1987). CGRP and NPY receptors are located on arterioles. CGRP has been shown 

to cause vasodilatation (Baraniuk et aL, 1990b), consistent with its potent vasodilatory 

action in skin (Brain et aL, 1985; Piotrowski & Foreman, 1986), thus contributing to 

nasal congestion. NPY is a potent vasoconstrictor, which reduces blood flow and 

microvascular leakage, through the reduction in the perfusion of permeable postcapillary 

venules (Baraniuk et aL, 1990a). Such a vasoconstrictor action can be mimicked by the 

use of a-adrenoceptor agonists, leading to relief of nasal blockage. Pseudoephedrine 

hydrochloride and phenylpropanolamine hydrochloride are the most commonly used a- 

agonists or "decongestants".

The recent development of specific receptor antagonists for the tachykinin, NK^ and NKg 

receptors, which are activated preferentially by SP and NKA respectively (Barnes et aL, 

1991a), is allowing further elucidation of the role of tachykinins in airway function. For 

example, the NKi receptor antagonist, CP-96345 reduces plasma extravasation evoked 

by bradykinin in guinea-pig trachea (Geppetti et aL, 1993), whereas the NKg antagonist, 

SR-48968 had no effect on bradykinin effects in a similar model (Sakamoto et aL, 1993). 

As yet, there have been no studies with such compounds in the nasal airway.
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1.5.6 Oxygen-derived free radicals

Oxygen-derived free radicals (superoxide anions, O2 and hydroxyl radicals, OH), or 

metabolites (hydrogen peroxide, H 2 O2 and hydrochlorous acid, HOCl) are produced by 

several inflammatory cell types and can exert a range of cytotoxic effects. Reactive 

oxygen species have been implicated in airway hyperresponsiveness in vitro (Webber et 

aL, 1992) and in animal models (Murlas & Roum, 1985; Katsumata et aL, 1990). In 

addition to inflammatory cell types, it has been shown that superoxide anion generation 

can be stimulated by platelet-activating factor (Kato et aL, 1993). Such PAF-induced 

enhancement of O2  production can be blocked with a specific PAF receptor antagonist 

(Kato et aL, 1993). This is of particular interest considering that platelet-activating factor 

induces a non-specific hyperresponsivenes in the human bronchial airway (Cuss et aL ,

1986). The role of reactive oxygen species in nasal hyperresponsiveness is discussed in 

chapter 7.

1.5.7 Cytokines

Local release of cytokines in the nasal mucosa from immunologically stimulated cells 

contribute to a wide range of cellular effects. Factors have been isolated from nasal 

biopsies of rhinitic patients that stimulate the formation of eosinophils from precursor 

cells in the circulation, and these have been identified as locally generated cytokines 

(Ohnishi et aL, 1988).

In vitro studies show that interleukin (IL)-3, IL-5 and granulocyte macrophage colony 

stimulating factor (GM-CSF) are involved in eosinophil recruitment and appear to 

augment eosinophil mediator release (Wardlaw et aL, 1986; Kroegel et aL, 1989). IL-4 

may be important in the regulation of IgE production from B-lymphocytes since a 

monoclonal antibody to IL-4 inhibits IgE production, with no effect on IgG production 

(Finkelman et aL, 1986). IL-1 and tumour necrosis factor (TNFa) have been shown to 

increase the expression of intercellular adhesion molecule-1 (ICAM-1) in various cell 

types (Rothlein et aL, 1988). Adhesion molecules are important in directing the adhesion 

of leukocytes to blood vessels at the sites of inflammation. Thus, in this way, IL-1 has

44



potential for modifying the inflammatory response in the nasal mucosa. More recently, 

it has been shown that IL-1 can modulate the responsiveness to bradykinin in human 

synovial cells by upregulation of kinin receptor expression (Bathon et aL, 1992). This 

raises the question of a modulatory role of this cytokine in the responsiveness to 

bradykinin in the human nasal airway, since subjects with chronic rhinitis show strikingly 

enhanced responses to bradykinin when compared with normal subjects (Dr D. Proud, 

Johns Hopkins University School of Medicine, Baltimore, USA - personal 

communication).

Unfortunately, there are no specific antagonists for cytokine receptors, but studies with 

monoclonal antibodies directed at specific cytokines may reveal information on their 

actions in the nasal inflammatory response.
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1.6 Aims of project

The aims of the following investigation were:

#  To develop a human model in which specific features of the nasal allergic 

response could be studied, including nasal airway patency, vascular permeability 

of the nasal mucosa, mast cell and eosinophil activation.

#  To examine the effects of platelet-activating factor in the nasal airway, with 

respect to hyperresponsiveness.

O To explore the effects of kinins in the nasal airway and the types of kinin receptor

mediating changes in nasal function in human subjects by utilising selective kinin 

agonist and antagonist peptides.

#  To determine the role of kinins in the nasal response to antigen challenge in 

patients with allergic rhinitis.

#  To develop an animal model in which the actions of putative mediators of allergic 

rhinitis may be studied.
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CHAPTER 2

Materials and methods

2.1 Materials

The materials used in this study and their source are listed below.

MATERIAL SOURCE

Bradykinin (BK)

[D-Arg°,Hyp\D-Phe^]-BK (BKAl)

[1-adamantane acetyl-D-Arg°,Hyp\ThP \D-Phe^]-

[D-Arg^Hyp\ThP,D-Tic\Oic»]-BK (BKA3) 

Cetirizine

Dermatophagoides pteronyssinus

[Des-Arg ̂ °]-kallidin

ECP RIA kit

Evans blue

Heparin

Histamine diphosphate

Histamine RIA kit

Albumin immunodiffusion plates

Lyso-PAF (C iJ

o-pthalaldehyde

PAF (C,,)

Protein standard serum

Peninsula Labs., St.Helens, U.K. 

Peninsula Labs., St.Helens, U.K. 

BK (BKA2)

Peninsula Labs., St.Helens, U.K. 

Bachem, Saffron Walden, U.K. 

UCB Pharma Ltd., Belgium. 

Allerayde, Nottingham, U.K. 

Peninsula Labs., St.Helens, U.K. 

Pharmacia, Uppsala, Sweden.

Sigma Chemical C o ., Poole, U.K. 

CP Pharmaceuticals Ltd., Wrexham 

Sigma Chemical Co. , Poole, U.K. 

Immunotech In t., Marseille, France 

Behring, Milton Keynes, U.K. 

Novabiochem, Nottingham, U.K. 

Sigma Chemical Co., Poole, U.K. 

Novabiochem, Nottingham, U.K. 

Behring, Milton Keynes, U.K.
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Terfenadine Marion Merrell Dow L td ., Uxbridge

Urethane Sigma Chemical Co., Poole, U.K.

Vitamin E Pharmadas Ltd., Greenford, U.K.

AU other substances were of Analar or similar quality.

2.1.2 Dilution of nasal challenge agents

Histamine as the diphosphate salt was dissolved in saline (NaCl, 154 mM) to make 

solutions ranging from 1 mg/ml to 10 mg/ml. Platelet-activating factor (PAF) and lyso- 

PAF were dispersed in distilled water to make a suspension of 0.6 mg/ml. Bradykinin, 

[D-Arg°,Hyp^ D-Phe^]-BK, [D-Arg°,Hyp^,Thi\D-Tic\Oic^]-BK and [Des-Arg'^^-kallidin 

were dissolved in saline to achieve concentrations from 0. Img/ml to lOmg/ml, depending 

on the dose required. [1-adamantane acetyl-D-Arg°,Hyp^,Thi^ \D-Phe^]-BK was dissolved 

in glacial acetic acid, neutralised with sodium hydroxide and made up to a Img/ml 

solution with distilled water.

D. pteronyssinus was dissolved in saline to make a stock concentration of 100,000 

units/ml, where one unit (U) is an arbitrary measure related to the biological potency 

determined by skin prick test against histamine dihydrochloride, Img/ml. Sterile saline 

and sterile distilled water were used throughout, as indicated, for making up stock 

solutions and their subsequent dilution.

2.2 Methods for human nasal provocation studies 

Nasal provocation model

A universal experimental model of rhinitis has yet to be found, because of the diverse 

stimuli which can provoke the disorder and the variable clinical features. However, many

systems have been developed in an attempt to study rhinitis. These include exposing

subjects to natural allergens during the appropriate season (Pipkorn et aL, 1988), and 

performing nasal provocation tests in the laboratory with allergens (Naclerio et aL,
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1983a), viruses (Gaffey et aL, 1987), mediators (Raphael et aL, 1988), and 

environmental stimuli (Anderson et aL, 1972). Such nasal provocation allows for a 

controlled assessment of the nasal response between individuals. Methods used to quantify 

nasal responses include, recording symptoms scores (Rajakulasingham et aL, 1991), 

counting sneezes or number of tissues used (Borum, 1979), measuring nasal airways 

resistance (Corrado et aL, 1986), measuring volume of nasal secretions (Borum, 1978), 

and analysing nasal secretions for mediators (Togias et aL, 1985), cellular constituents 

(Bascom et aL, 1988a) and protein content (Raphael et aL, 1988). Experimentally, these 

systems allow the study of a particular mediator and also allow the investigation o f the 

effects of various pharmacological agents and allergens.

In this project, a human model was developed and used to study pharmacologically- 

induced changes in nasal function. This consisted of nasal challenge with pharmacological 

agents or allergen, by aerosol, and subsequent quantitative measurements consisting of 

analysis of mediators and albumin in nasal lavage, measurement of nasal airway 

resistance by posterior rhinomanometry, measurement of nasal volume and cross-sectional 

area by acoustic rhinometry and recording of symptom scores.

2.2.1 Subjects

For all studies except those with atopic patients, normal, healthy volunteers with age 

range 21 to 42 years were used. Subjects suffering from upper respiratory tract infection 

or reporting any nasal symptoms were excluded. Subjects were taking no medication at 

the time of, or in the two weeks prior to the experiments. All subjects gave informed 

consent and the study was approved by the local Ethics Committee at University College 

London. Experiments were performed in a laboratory with controlled temperature and 

humidity.

For the study involving atopic patients, selection was made on the basis o f a history of 

rhinitis, a positive skin prick test and a positive nasal challenge to the house-dust mite, 

D. pteronyssinus. Patients taking part were within the age range, 18 to 56 years and had
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anatomically normal nasal cavities, no evidence of nasal polyposis or upper respiratory 

tract infection and had been off all oral and intranasal therapy for at least 4 weeks prior 

to the study. Patients with asthma were excluded. All patients gave informed consent and 

the study was approved by the local Ethics Committee at the Royal National Throat, Nose 

and Ear Hospital, London.

2.2.2 Rhinomanometry

Rhinomanometry is the measurement of transnasal pressure and nasal airflow and the 

subsequent calculation of nasal resistance. The basic method involves a pressure 

transducer and a flow meter connected to a microcomputer for data analysis. Active 

anterior rhinomanometry involves measuring the pressure and flow in each nostril 

separately, via a nasal pressure sensing tube, then calculating resistance; whereas active 

posterior rhinomanometry involves measuring both nasal passages simultaneously, using 

an oral pressure cannula and provides a value o f total nasal airway resistance. Active 

posterior rhinomanometry has the advantage of eliminating bias in the data resulting from 

nasal cycling.

Active posterior rhinomanometry, employing a Mercury Electronics (Glasgow, U.K.) 

NR 6 D rhinomanometer, was used in these studies to obtain measurements of nasal airway 

resistance (NAR). The instrument was programmed to calculate the resistance to airflow 

at a reference pressure of 75Pa. The subject held a mask, with airtight seal over the nose 

and mouth, and breathed through the nose. Airflow was monitored by a 

pneumotachograph and pressure within the oropharynx was monitored by a pressure 

transducer connected to a cannula placed over the tongue and held through sealed lips. 

A visual display of the pressure/flow relationship provided by the computer was used to 

detect any abnormalities in measurement. Abnormal pressure/flow curves may be caused 

by soft palate and tongue movements, preventing a continuity between the oral cavity and 

the pharynx. Such problems are easily identifiable and subjects were trained to eliminate 

them. The instrument was programmed to give the mean NAR over four breath cycles, 

and for each subject, three consecutive series of four breath cycles were used to calculate
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an overall mean NAR from twelve breaths. Readings were only accepted if the coefficient 

of variation of the overall mean NAR for a subject was less than 20%.

2.2.3 Acoustic rhinometry

Measurements of nasal cross-sectional area and volume were made by acoustic 

rhinometry using equipment supplied by ‘gm ’ Instruments (Kilwinning, U .K.). The 

apparatus consists of a spark generator that produces a sound impulse, a wave tube 

through which the acoustic pulse is transmitted to the anterior nares of the subject, a 

microphone with amplifier for measurement of sound, and a computer for data acquisition 

and analysis. The spark generated is discharged between two electrodes placed in the end 

of the wave tube and an audible sound impulse is created. The acoustic pulse propagates 

down the wave tube, passes the microphone and enters the nasal cavity via a 6 cm long 

plastic tube inserted into the wave tube. The free end of the tube was inserted a few 

millimetres into the anterior nares. Three sizes of tubes were available to ensure a tight- 

fit in the nostril of each subject. The sound waves reflected from the nasal structures pass 

back down the wave tube and are received by the microphone and analysed by the 

computer. The data obtained is presented as an area-distance function and provided 

measurements of volume at various specified areas in nasal cavity and a minimum nasal 

cross-sectional area (A min.). The measurement lasts less than 10ms.

2.2.4 Nasal Lavage

Nasal lavage was used to provide a source of upper respiratory tract cells and chemical 

mediators. Nasal lavage involves the instillation of a liquid into the nasal cavity and the 

subsequent recovery of that liquid admixed with a sample of nasal secretions. Preliminary 

experiments were performed to identify the most suitable method from those described 

in the literature. These are outlined below:

1) Head extended 45° from the horizontal with nasopharynx occluded voluntarily by
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the soft palate. 5ml warmed saline introduced into each nostril separately and 

expelled into a tube after 10 seconds hold (Naclerio et al., 1983b).

2) Instillation of 100^1 portions of saline by a nasal spray. The subject then expels 

the fluid onto a plastic dish, (Linder et al., 1988).

3) Catheter placed along the floor of the nose, inserted to 4cm. Saline administered 

from a nebulizer bottle; suction applied at 200mmHg and secretions removed from 

a specimen trap and transferred to a test tube, (Druce et al., 1985).

4) A Foley urinary catheter, modified by cutting off the tip distal to the balloon, is 

inserted into the nasal vestibule and the balloon inflated to provide a seal. The 

head is dorsiflexed to 45 ° and 8 ml saline is instilled through the catheter using a 

bladder syringe and irrigated once. It is then aspirated, and the balloon deflated 

and removed, (Hilding, 1972).

The method of Naclerio et al., (1983b) was selected for reasons of ease, relatively 

uniform recovery o f approximately 80% of the instilled volume, and good tolerance 

among the subjects. Naclerio and co-workers (1983b) report that volunteers have tolerated 

lavages as frequently as every 2 minutes, and at 4hr intervals for as long as 6  days. The 

technique therefore permits sampling before and after natural or induced provocation and 

was performed as follows:

Subjects were in a sitting position with the head extended 3(T from the horizontal. 

Warmed sterile saline (5 ml) was instilled into a nostril while the subject held the tongue 

against the soft palate and abstained from breathing or swallowing. After 10 s the subject 

leaned forward and expelled the lavage fluid into a collection vessel, which was stored 

on ice until the completion of the experiment. Approximately 4 ml of the wash was 

recovered on each occasion. In each experiment, three initial washes were collected in 

order to remove pre-existing nasal secretions and the third of these was retained and 

served as a baseline. The lavage fluid was centrifuged at 4°C for 10 min at 1000 g, after
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which the supernatants were separated, and stored at -20°C until analysis.

2.2.5 Symptom scores

A subjective measure of the effects of each nasal provocation was made by recording 

symptom scores. Subjects were asked to score values for nasal blockage, itching, 

sneezing and running on 10cm visual analogue scales (Aitken, 1969). Symptoms were 

scored at the start of the experiment, after vehicle (saline) challenge and after every 

subsequent challenge.

2 .2.6 Nasal challenge

Methods described for introducing challenge agents into the nose have included; aerosol 

administration, application of paper strips soaked in substance applied to the inferior 

turbinate, and administration by tuberculin syringe on to the inferior turbinate.

Nasal challenge using a nasal pump spray (Perfect-Valois, UK Ltd.) was chosen for this 

study because it is more likely that substance will be delivered throughout the nasal 

cavity, and be more reliably and reproducibly delivered. The spray delivers lOOpl per 

activation with a 98% degree of accuracy, and so the dose is controlled by the 

concentration of the solution. The device was placed in one nostril and activated once, 

then repeated for the opposite nostril. All solutions were at room temperature, and fresh 

solutions of all challenge agents were made each day from stock solutions stored at - 

20°C.

2.2 .7  Basic protocol

Detailed study protocols are presented together with the data in each chapter. The 

following however, is common to all studies:
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At each visit, subjects were first challenged with vehicle, then measurements o f NAR by 

active posterior rhinomanometry, or measurements of A min. by acoustic rhinometry 

were taken every 5 minutes over a fifteen minute period to provide a baseline. The mean 

of these data was calculated and this was used as a baseline measurement. Following 

every challenge, measurements were made at 2, 5, 10, 15 and 20 minutes. At least 30 

minutes was allowed between challenges.

In the case of studies involving nasal lavage, subjects underwent three lavages initially 

to remove pre-existing nasal secretions, followed by challenge with vehicle and a lavage 

10 minutes later. The concentration of the substance in question (e.g. albumin, histamine, 

ECP, depending on the experiment) measured in the post-vehicle sample, formed the 

baseline. Nasal lavages were performed after every subsequent drug/allergen challenge.

2.2.8 Data analysis

Data analysis and statistical evaluation will be dealt with in each chapter individually. 

However basic data handling procedures are explained below.

Both changes in NAR and A min. in response to each challenge were presented as the 

percentage change from the values obtained after vehicle challenge. This normalised the 

data, accounting for individual anatomical differences in the nasal airway which give rise 

to variable baseline measurements. Measurements of A min. were expressed as the mean 

value of both nostrils, to make them comparable with NAR measurements and to avoid 

misinterpretation of unilateral changes due to the nasal cycle. The response to each 

challenge was quantified as the maximal percentage change in NAR or A min. for each 

dose during the post-challenge period.

The total symptom score at each stage was obtained by measuring the lines on the visual 

analogue scales and adding them. The difference between the mean score after each 

challenge and the mean score after vehicle challenge was estimated as a percentage of the 

vehicle score.
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All data was expressed as mean +  s.e.m. Data was only accepted if the coefficient of 

variation (CV) for the values used to calculate the mean was less than 20%. Student’s t- 

test was used for the evaluation of the difference between control values and those 

obtained after challenge. Both unpaired and paired tests were used as appropriate. 

Repeated measures analysis of variance (one-way ANOVA) was used to evaluate the 

effect of increasing doses of challenge agent on the nasal parameters measured. A 

probability value, p, of less than 0.05 was considered significant.

2.3 Biochemiccd analyses

2.3.1 Albumin measurement

Albumin was measured by a radial immunodiffusion assay (Mancini et al., 1965). A 

protein standard serum was used to establish a calibration curve, and human sera of 

known albumin concentration were used as controls to confirm the function of the 

immunodiffusion plates. The plates were loaded with 20^1 of standard or sample into 

each well and left to stand open for 30 minutes, until the applied fluid had diffused into 

the agarose gel. The plate was then closed and incubated for 48 hours at room 

temperature.

A standard curve was constructed by measuring the diameter in mm of the precipitate 

rings formed around the wells containing the standard solutions and calculating the 

squares of the ring diameters. These area measurements (mm^) were plotted as a function 

of the concentration of albumin in the standards (mg/dl). The concentration of albumin 

in the samples was read directly off the graph. The assay range was 2.5 - 44.0 mg/dl 

(Behring Diagnostics). Figure 2.1 is an example of a standard curve.
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Figure 2.1 Standard curve for albumin measured by radial immunodiffusion.
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2.3.2 Histamine assay

A radioimmunoassay was used for the quantitative determination of histamine in nasal 

lavage. The assay was based on competition between modified histamine in the sample 

and *^^I-radiolabelled histamine for binding to antibody coated on the tubes (McBride et 

al., 1988). The assay was performed in duplicate and involved an initial acylation step 

on all standards, samples and tracer, in which histamine was converted into a succinyl 

glycinamide derivative (Morel & Delaage, 1988). This was followed by the 

immunoanalysis, where radiolabelled histamine was added to the acylated histamine. 

The materials were mixed and transferred to monoclonal antibody coated tubes and 

incubated at 40°C for 18 hours. Solutions were aspirated and discarded, then antibody 

coated tubes were counted for 1 minute in a gamma counter (Beckman LS 1801). The 

concentration of histamine in the samples was determined by interpolation on a standard 

curve constructed as follows:

1. The mean count for each set of duplicates was determined.

2. The mean count (B) for standards and samples was expressed as a fraction of the

mean total counts (T).

3. The B/T values for the standards were plotted against the log of the histamine

concentration of the standards (nM), and the quantity of histamine in the samples 

was determined by interpolation from the standard curve. (Figure 2.2).

The acylation step in this procedure increases the sensitivity of the assay to 0.2nM in the 

sample. Acylated histamine is the immunogen used to make the monoclonal antibody, and 

this apparently results in the production of immunogen approaching the theoretical limit 

of affinity and specificity for binding (Peyret et al., 1986). The cross-reactivity of the 

assay is given below.
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Analogue % Cross-reactivity

Acylated histamine 100

Acylated t-methylhistamine 0.065

Histamine 0.0001

Table 2.1 Cross-reactivity of the histamine assay. (Immunotech In t., Marseille, France).
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Figure 2.2 Standard for histamine assayed by radioimmunoassay.
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2.3.3 ECP assay

ECP in nasal lavage was quantitatively determined by a double antibody 

radioimmunoassay, based on the method described by Venge et a l . ,  (1977). ECP in the 

sample competes with a fixed amount of ^^^I-radiolabelled ECP for the binding sites of 

specific antibodies. The assay was performed on duplicate samples and standards. The 

bound ECP-antibody complex and the free ECP were separated by addition of a second 

immunosorbent antibody. The samples were centrifuged and the supernatant containing 

the unbound ECP was decanted. The radioactivity in the pellet containing the bound ECP- 

antibody complex was then measured in a gamma counter (Beckman LS 1801) and is 

inversely proportional to the quantity of ECP in the sample. After counting, the 

concentration of ECP in the samples was determined from a standard curve as follows:

1. All counts were corrected to counts per minute (CPM).

2. The mean count for each set of duplicates was determined.

3. The mean count (B) for standards and samples was expressed as a percentage of

the mean counts of the "0-standard" (Bq).

% activity bound =  B(of standard or sample^xlOO

Bo

4. The percentage activity bound (% B/Bq) for the standards were plotted against the

log of the standard ECP (/xg/1), and the quantity of ECP in the samples was 

determined by interpolation from the standard curve (Figure 2.3).

The detection limit of this assay is <  2/^g/l. Cross reaction tests showed cross-reactivity 

only with EPX and this was <  0.06% (Pharmacia Diagnostics, Uppsala, Sweden).
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2.3.4 Vitamin E measurements

Blood (5 ml) was obtained by superficial venepuncture of the antecubital fossa, and left 

to clot at room temperature. The blood was then centrifuged at 1400xg for 10 min, the 

serum aspirated off, then stored at -20°C until analysis.

The vitamin E was assayed the Chemical Pathology Department, University College 

London. This was achieved by measuring its fluorescence in hexane in the 290nm 

excitation, 330nm emission range. The serum samples were saponified with potassium 

hydroxide in the presence of ascorbic acid, as an anti-oxidant, and ethanol to reduce the 

extraction of interfering substances (Taylor et al., 1976).

2.4 Histamine release from rat peritoneal mast cells

2.4.1 Collection o f unpurified mast cells

Male Sprague Dawley rats weighing 200-300g were killed by a rising concentration of 

CO2 and cervical dislocation. The peritoneal wall was exposed and 10ml of saline 

(0.9%w/v) containing heparin (25u/ml) was injected into the peritoneum. The peritoneal 

area was then massaged gently for approximately 30 seconds. The peritoneal cavity was 

opened and the washings were aspirated by a syringe. A further 5 -10ml of heparinised 

saline was introduced into the peritoneum agitated and aspirated as before. The washings 

were pooled, then aliquoted into the required number of polystyrene conical centrifuge 

tubes, 1ml per tube. The washings from 1 rat were sufficient for approximately 12 

reaction tubes.

2.4.2 Histamine release

The aliquoted cell suspensions were centrifuged at 200xg for 5 minutes. The supernatants 

were discarded and the cells resuspended in 0.9ml of HEPES-buffered Tyrode solution. 

The tubes were then placed in a water bath (37°C) in a timed sequence of 15 seconds and
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then left to incubate for 10 minutes. Peptides were added in duplicate to the tubes 

following the same timed sequence, and then left for a further 10 minutes. The reaction 

was quenched by the addition of 4ml ice-cold incubation medium to give a 5ml final 

volume, and the tubes were centrifuged at 800xg for 5 minutes. The supernatants 

containing released histamine were decanted into another set of numbered tubes ready to 

be prepared for assay. Five ml incubation medium was added to each pellet containing 

residual histamine. The residual histamine was extracted by heating the tubes in a boiling 

water bath for 5 minutes and the tubes allowed to cool to room temperature.

2.4.3. Fluorimetric histamine assay

The histamine assay is adapted from that described by Shore et al., (1959). Two ml or 

an appropriate dilution made up to 2 ml, of both supernatant and residual histamine 

solutions, were put into another set of tubes. Three blanks containing either incubation 

medium alone, incubation medium 4- an appropriate concentration of bradykinin or 

incubation medium -I- an appropriate concentration of the other peptide involved in the 

particular experiment, were prepared. The fluorescence reading obtained from the blanks 

was subtracted from the appropriate fluorescence reading of the experimental samples. 

To each assay tube, 400/xl of NaOH, IM was added, and then at discrete time intervals, 

l(X)jLcl of o-pthalaldehyde, lOmg/ml in methanol, was added. Four minutes later, 200/d 

of HCl, 3M was added. All tubes were vortexed after each addition. The fluorescent 

product was then estimated in polystyrene cuvettes using a fluorescence spectrometer 

(Perkin Elmer model 3000), set at an excitation wavelength of 365nm and an emission 

wavelength of 450nm. Slit widths were set to give excitation and emission bandwidths 

of lOnm and the instrument gain was set at minimum.

2.4.4. Solutions

The mast cell incubation medium was a HEPES-buffered Tyrode’s solution of the 

following composition (mM): HEPES (N-2-Hydroxyethylpiperazine-N’-3-ethanesulphonic 

acid), 20; NaCl, 136.9; KCl, 2.68; glucose, 5.55; NaH^PO^, 0.282; CaCl^, 1. The pH 

of the solution was adjusted to 7.4.
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2.5 In vivo determination of nasal vascular permeability in the guinea-pig

2.5.1 Animal preparations

Male Dunkin-Hartley guinea-pigs weighing 450-580g were used in all experiments. The 

animals were anaesthetised with urethane, 7mg/kg injected intraperitoneally. Additional 

doses were given as required to maintain adequate anaesthesia, as determined by loss of 

both the comeal and paw reflexes. The animals were placed on a heated blanket 

(Bioscience, Sheemess, Kent, U.K.) which maintained body temperature at approximately 

37°C. The left carotid artery was cannulated using a polyethylene catheter, which was 

connected to a pressure transducer in order to monitor blood pressure. Another 

polyethylene catheter was inserted in to the right jugular vein for the intravenous 

administration of Evans blue. A tracheal cannula was inserted into the lumen of the 

caudal trachea, secured with a suture and connected to a mechanical ventilator (Harvard 

model 50-1718, Harvard Apparatus Ltd., Edenbridge, Kent, U .K .) set at 51 

strokes/minute.

A perfusion circuit was developed to include the nasal passages and a section of the 

trachea (Figure 2.4). A polyethylene cannula (5cm long) was inserted to a depth of 2-3cm 

into the cephalic end of the trachea. Polyethylene cannulas (5cm long) were inserted to 

a depth of 0 .5 -1cm into both nasal passages and held in position with glue. The nasal 

cannulas and tracheal cannula were connected with polyethylene tubing via a perfusion 

pump (Watson-Marlow model 501, Watson-Marlow, Falmouth, U .K .) to form a closed 

circuit. The buccal cavity was sealed with glue thus ensuring that air could not enter and 

perfusion fluid could not escape.

The circuit was filled with saline, 2.5 ml which was perfused at lOml/min. At intervals 

the perfusion circuit was emptied, the saline (containing the plasma exudate) collected and 

the circuit refilled. The first 5 collections taken over 25 minutes after the perfusion 

circuit was established were discarded. Evan’s blue dye, 20mg/kg was injected 

intravenously and a 5 minute sample collected, followed by saline and kinin challenge.
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Figure 2.4

In vivo method to measure changes in vascular permeability in the anaesthetised guinea- 

Pig-

Evan’s blue dye is injected intravenously and its concentration following kinin challenge 

is determined in perfusion fluid collected from a closed circuit encompassing the upper 

airway including the nasal passages and a section of tracheal lumen.
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2.5.2 Measurement of vascular permeability

Samples of perfusate (1ml) were centrifuged at 1500g for 10 minutes and Evans blue 

concentration in the supernatant was determined spectrophotometrically at 610nm (Anthos 

HT3 spectrophotometer, Anthos Labtec Instruments, Salzburg, Austria). Evans blue 

leakage was quantified by interpolation on a standard curve of dye concentration in the 

range O-lO/xg/ml (Figure 2.5) and expressed as /ig/ml of perfusate.
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Figure 2.5

Standard curve for Evan’s blue concentration.
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CHAPTER 3
A comparison between acoustic rhinometry and posterior 
rhinomanometry in the measurement of nasal airway 
patency.

3.1 Introduction

Changes in the patency of the nasal airway leading to nasal blockage is one characteristic 

of rhinitis. The ability to quantify this is of importance for both in the experimental 

situation, such as in the evaluation of pharmacological or allergen challenges; and also 

in the objective clinical assessment of upper airway diseases.

Several methods for assessing nasal airway patency have been described. Early attempts 

to examine nasal respiration were rather qualitative, and were based on the principle that 

water vapour is condensed from exhaled air on a cold mirror held in front of the nose 

(Zwaardemaker, 1891). More quantitative assessments have since been made using 

methods such as rhinomanometry (Kern, 1973), nasal inspiratory peak flow (Holmstrom 

et al., 1990), apparent nasal volume (Gleeson et al., 1986) and body plethysmography 

(Nolte & Luder-Luhr, 1973). However, all these methods have some disadvantages. A 

high degree of subject co-operation is required and the methods can be time-consuming 

and often unsuitable for subjects with severely congested nasal airways. To date, no 

single method has gained general acceptance, which reflects the difficulty of obtaining 

reproducible and valid measurements of nasal airway patency. Thus, there is a 

requirement for a simple, non-invasive and reliable technique requiring minimal subject 

compliance. Such a technique should be standardized among investigators, to provide 

confidence in the measurement.

More recently, the method of acoustic rhinometry has been introduced. This evaluates 

the geometry of the nasal cavity, thus providing information on the patency. It has a 

number of potential advantages over other methods, and it seemed useful, therefore, to 

compare acoustic rhinometry and a more established method for quantifying nasal
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patency, such as posterior rhinomanometry.

Acoustic rhinometry

Acoustic rhinometry is based on acoustic reflection (Jackson et al., 1977). It provides a 

two-dimensional picture of nasal cross-sectional area as a function of distance from the 

nostril. An acoustic impulse directed into the airway is reflected by local changes in 

acoustic impedance resulting from changes in cross-sectional area of the nasal cavity. 

It is possible to determine the distance to the local impedance change and also the size 

of the change in cross-sectional area, by comparing incident and reflected waves (Jackson 

et al., 1977). Measurements of cross-sectional area at specified distances are provided, 

and by integrating the area under the area-distance curve over a specified distance, nasal 

cavity volumes can be obtained.

Posterior rhinomanometry

Posterior rhinomanometry provides a measure of nasal resistance to airflow. It involves 

sampling the pressure in the oropharynx, using an oral pressure cannula, and assuming 

that this pressure is the same as posterior nasal pressure. In this way, pressure for both 

nasal passages is measured simultaneously. Flow through both nostrils together is also 

measured in order to calculate resistance. Resistance is the reciprocal of patency and is 

defined as the quotient of pressure (p) and flow (V), i.e. R = p/V . Resistance is expressed 

in units of Pa.cm'^.sec. Resistance is calculated at a fixed pressure. We have used a 

reference pressure of 75Pa for posterior rhinomanometry. The reference pressure should 

fall on the linear part of the pressure-flow curve since the relationship between pressure 

and flow is somewhat complex due to turbulent airflow and the pressure-flow plot is 

curvilinear.

In general when conducting measurements of nasal function, the least invasive method 

is likely to produce the most reliable result because the nasal mucosa is relatively 

reactive. In this context, the physiological factors controlling and influencing nasal
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patency are briefly considered.

Mechanism fo r  change in nasal patency

Changes in nasal airway patency are associated with a change in vascular tone, in contrast 

to the lower airways where bronchial smooth muscle contraction can also be involved. 

The nasal mucosa is capable of enormous physiological and pathological variations in 

thickness due to its vascularity and to the looseness of the submucosa. The vascular 

supply to the nose is supplied by the internal and external carotid arteries. Erectile tissues 

in the form of cavernous sinusoids are located between the capillaries and venules. The 

sinusoids are surrounded by circular and longitudinal smooth muscle, innervated by the 

autonomic nervous system. They are usually constricted by a continuous sympathetic 

stimulation, but they can dilate when tone is lost, or when parasympathetic stimulation 

produces vasodilatation. The concentration of sinusoids is paticularly marked in the 

mucosa covering the nasal septum and the turbinates. The anatomy of the nose is such 

that the nasal passages are surrounded by rigid bony walls, so that any increase in blood 

volume reduces the cross-sectional area and volume of the air passages and leads to an 

increase in nasal airway resistance.

Factors that influence nasal patency

Factors which modify nasal patency, are mostly considered to be reflex in nature, rather 

than being localised. The nose contains both the afferent and efferent components of 

several reflexes. Both hot and cold thermal stimuli affect the degree of congestion, as 

demonstrated by breathing hot and cold air (Salman et al., 1971). Humidity (Ingelstedt 

& Ivstam, 1951) and posture (Rundcrantz, 1964) also affect nasal patency, and exercise 

has been shown to increase nasal patency (Richerson & Seebohm, 1968), consistent with 

the need for increased airflow during exercise. This effect is mediated by sympathetic 

nerve discharge (Richerson & Seebohm, 1968).
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Therefore, with these points in mind, the purpose of this study was to assess the potential 

of acoustic rhinometry as a means of quantifying changes in nasal patency induced by 

histamine and bradykinin, and to compare this technique with the established and 

frequently used method of posterior rhinomanometry.

3.2 Experimental protocol

On each occasion subjects were first challenged with saline, then NAR measurements or 

acoustic reflection measurements were performed, every 5 minutes over a 15 minute 

period. The averaged data from all time points formed the baseline.

In the first study, ten subjects were given histamine, 100, 300 and 1000/xg to each 

nostril, and NAR measurements were performed at 2, 5, 10, 15 and 20 minutes. Each 

subject had three doses in total, and NAR was allowed to return to baseline before 

proceeding with the next dose. At least one week later, subjects were given the selective 

Hj-antagonist, cetirizine lOmg, orally, three hours before repeat histamine challenges of 

100, 300 and lOOO^g. NAR measurements were then made as before. A further ten 

subjects were given histamine, 100, 300 and 1000/xg to each nostril, and acoustic 

reflection measurements were performed at 2, 5, 10, 15 and 20 minutes. One week later, 

these subjects repeated the experiment in the presence of cetirizine, lOmg, given orally 

3 hours before.

In another study, ten subjects were given bradykinin, 100, 300 and 1000/xg per nostril 

and NAR measurements were made at 2, 5, 10, 15 and 20 min. Each subject had three 

doses in total, allowing NAR to return to baseline between each dose. This experiment 

was repeated in these subjects one week later using acoustic rhinometry to quantify nasal 

blockage. Again, measurements were made at 5 minute intervals during the 20 minute 

post-challenge period.
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Data analysis

To achieve comparability, the mean of the acoustic reflection measurements from the left 

and right nostrils were calculated for each measurement taken, because NAR 

measurements made by posterior rhinomanometry measure resistance for both nostrils 

together. Changes in NAR and in the values obtained from acoustic rhinometry were 

expressed as the percentage change from saline control values to normalize the data. 

Responses to histamine and bradykinin were quantified for each dose as the maximal 

percentage change during the post-challenge measurements. All data was expressed as 

mean ±  standard error of mean. Repeated measures analysis of variance (ANOVA) was 

used to statistically evaluate the responses to histamine and bradykinin. A probability 

value of p < 0 .0 5  was considered significant.

3.3 Results

3.3.1 Reproducibility and sensitivity of the measurements

The coefficient of variation (CV) for mean values o f each parameter measured was 

calculated in order to provide information about relative reproducibility. Table 3.1 

demonstrates the reproducibility in one subject, who had 8  measurements taken (all 

parameters) over 15 minutes under baseline conditions. It shows that the coefficients of 

variation for each parameter are generally quite small; approximately between 4% and 

8 %, taking into account both nasal passages. This is with the exception of the CV’s for 

the volume measurements corresponding to the area between 16.2cm and 2 0 cm along the 

nasal airway, and the cross-sectional area measurements at 11cm. These latter values 

displayed a larger variability. The parameter displaying least variation between 

measurements was the minimum nasal cross-sectional area (A min.), for which the mean 

CV for right and left nasal passages was approximately 4%, and less than the CV for any 

of the other parameters measured by the acoustic rhinometer. For NAR, the 

corresponding CV of the mean values under baseline conditions, using subjects in the 

histamine study, was 9.6% (n =  10).
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The sensitivity of the parameters given by the acoustic rhinometer compared with 

measurements of NAR was also considered. Figure 3.1 shows that volume measurements 

of the nasal cavity appear to be less sensitive than measurements of NAR to histamine- 

induced changes in nasal patency. However, measurements of NAR and A min., 

recorded after an identical histamine challenge in another subject, appeared to be of a 

similar magnitude (figure 3.2).

3.3.2 Comparison of acoustic rhinometry and posterior rhinomanometry in quantifying 

dose-response relationships

Histamine, lOO-lOOO^g in each nostril, produced a dose-related increase in NAR and a 

dose-related decrease in A min. Figure 3.3 is an example of an area-distance function 

provided by the acoustic rhinometer pre- and post-histamine challenge, 1 0 0 0 /ig, 

demonstrating that nasal blockage occurs throughout the nasal mucosa following such a 

challenge. Figure 3.4 is an example of a pressure-flow plot from the rhinomanometer 

obtained after an identical challenge. Figure 3.5 shows that histamine, 100, 300, lOOO^g 

per nostril, resulted in increases in NAR of 69.7%, 126.5% and 174.3% respectively, 

(ANOVA p= 0.002 , n= 10), and figure 3.6 demonstrates that over the same dose range, 

histamine produces dose-related decreases in A min. of 27.8% , 36.1%, and 53.8% 

respectively, (ANOVA p=0.028, n=10).

After pretreatment with cetirizine, lOmg, histamine 100, 300, lOOOfig per nostril, 

resulted in increases in NAR of 21.0%, 15.2% and 23.3% respectively, n =  10 (figure 

3.5), and decreases in A min. of 3.0%, 19.6% and 11.8%, n =  10, (figure 3.6). None of 

these responses to histamine in the presence of cetirizine, lOmg were statistically 

significantly different from measurements taken at baseline (saline challenge).

Subjects challenged with bradykinin 100, 300 and lOOOjug per nostril, all experienced an 

increase in nasal blockage. Figure 3.7 shows bradykinin-induced increases in NAR, of 

48.1% , 86.2% and 186.4% respectively, (ANOVA p= 0 .020 , n =  10), and figure 3.8 

represents bradykinin-induced decreases in Amin. These were 16.4%, 28.7% and 49.3%
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respectively, (ANOVA,p <0.0001, n = 10).

Pooling data from experiments where histamine or histamine in the presence of cetirizine 

were used, and only using paired data, i.e where the same subject had received identical 

challenges, after which, NAR had been measured once and A min. on the other occasion) 

the correlation between the two methods was examined. Figure 3.9 shows linear 

regression analysis of this data, which identifies a significant negative correlation 

(p <  0.0001) between the magnitude of change in A min compared with the magnitude of 

the change in NAR after challenge.
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Parameter- 
Volume (cm^) 
Area (cm^)

Right Left

Mean SD CV Mean SD CV

Vol (6.9, 14.1) 13.76 0.694 0.050 6.08 0.390 0.064
Vol (9.0, 14.8) 15.19 0.849 0.056 5.89 0.491 0.083
Vol (16.2, 20) 39.09 5.203 0.133 13.83 2.125 0.154

Area (8.3) 0.99 0.072 0.072 1 . 0 0 0.038 0.038
Area (10.3) 2.06 0.123 0.060 0.72 0.044 0.060
Area (11.0) 2.25 0.472 0 . 2 1 0 0 . 6 8 0.086 0.125
Area (13.4) 2.77 0 . 2 0 0 0.072 1.38 0.116 0.084

A min. 0.49 0 . 0 1 2 0.026 0.26 0.017 0.065

Table 3.1

Reproducibility of each parameter obtained from acoustic rhinometry.

Means, standard deviations (SD) and coefficients of variation (CV) for calculated volumes 

and areas at specified distances along the nasal passages. The data is from 8  

measurements taken from one subject using the acoustic rhinometer. Acoustic reflection 

measurements were made over a 15 minute period under baseline conditions. 

Parameters: Vol (6.9,14.1) refers to the volume between 6.9cm and 14.1cm along the 

airway from the nostril etc.; Area (8.3) refers to the cross-sectional area of the airway 

measured at 8.3cm from the nostril etc.; A min. =  minimum nasal cross-sectional area. 

Means and standard deviations are expressed as cubic centimetres and square centimetres, 

as appropriate.
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Figure 3.1

Relative sensitivity of nasal volume changes and changes in NAR.

Responses to histamine, lOO^g in one subject expressed as % increases in NAR above 

control (saline) and % decreases in nasal volume from the control.

(O )- NAR; ( # ) -  volume (6.9, 14.1) i.e. volume between 6.9cm and 14.1cm along nasal 

passage; (V)- volume (9, 14.8); (▼)- volume (16.2, 20).

Baseline (saline) value for NAR was 0.267 Pa.s.cm'^; for volume (6.9, 14.1) it was 

10.25cm^; for volume (9, 14.8) it was 11.09cm^; and for volume (16.2, 20) it was 

25.4cm^.
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Figure 3.2

Relative sensitivity of changes in A min. and changes in NAR.

Responses to histamine, lOO^g in one subject expressed as percentage changes from 

control values. (O )- NAR; ( • ) -  A min. Baseline (saline) value for NAR was 

0.224 Pa.s.cm'^; and for A min. it was 0.69cm^.
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Figure 3.3

Cross-sectional area of the nasal cavity as a function of distance from the nostril obtained 

by acoustic rhinometry.

The area-distance curves illustrate a normal phase during the physiological nasal cycle, 

as well as the result of a pharmacological challenge with histamine, lOOOptg. The initial 

value for the minimum nasal cross-sectional area (A min.) was 0.32cm^, changing to 

O.lcm^, 10 min after challenge.
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Figure 3.4

Nasal airway resistance measured by posterior rhinomanometry.

Flow-pressure curves obtained pre- and post-challenge with histamine, lOOO^g. In order 

to calculate nasal airway resistance (NAR), the nasal airflow is measured at a sample 

pressure of 75Pa. The mean NAR for inspiration and expiration before challenge was 

0.272 Pa.s.cm'^, changing to 0.912 Pa.s.cm'^ measured 10 min post-challenge.
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Figure 3.5

Dose-response curve for histamine using active posterior rhinomanometry before and 

after cetirizine treatment.

Responses are expressed as maximal percentage increases in nasal airway resistance 

(NAR) during the post-challenge period from control (saline) values. ( • )  - histamine;

(V) - histamine in the presence of cetirizine, lOmg. The data are the means ±  s.e. m 

from 10 seperate experiments for both groups. Control values for NAR were 0.366 ±  

0.027 Pa.s.cm'^ for histamine and 0.392 -I- 0.033 Pa.s.cm'^ for histamine/cetirizine.
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Figure 3.6

Dose-response curve for histamine using acoustic rhinometry before and after cetirizine 

treatment.

Responses are expressed as the percentage decrease in the minimum nasal cross-sectional 

area (A min.) from the control values. ( # )  -histamine; (O) - histamine in the presence of 

cetirizine, lOmg. The data are the means ± s.e.m from 10 seperate experiments for both 

groups. Control (saline) values for A min. were 0.462 ± 0.019 cm^ for histamine and 

0.446 ± 0.028 cm^ for histamine/cetirizine.
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Figure 3.7

Dose-response curve for bradykinin using active posterior rhinomanometry.

Responses are expressed as maximal percentage increases in nasal airway resistance 

(NAR) during the post-challenge period from control (saline) values. The data are the 

means from 10 seperate experiments. Vertical error bars represent s.e.m  except where 

they fall within the limits of the actual data point. Control values for NAR were 0.311 

4* 0.016 Pa.s.cm'^.
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Figure 3.8

Dose-response curve for bradykinin using acoustic rhinometry.

Responses are expressed as the percentage decrease in the minimum nasal cross-sectional 

area (A min.) from the control values. The data are the means ±  s.e.m  from 10 seperate 

experiments for both groups. Control (saline) values for A min. were 0.467 ±  0.034 

cnF.
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% Change in NAR

Correlation between measurements of nasal blockage obtained by posterior 

rhinomanometry (NAR) and acoustic rhinometry (A min.).

In total 36 parallel measurements are shown. The data are from studies where histamine 

challenge was performed alone, or in the presence of cetirizine. All data points represent 

measurements of NAR and A min. after identical challenges in the same subject. 

According to linear regression analysis, there is a significant negative correlation between 

the two methods, (r= -0 .80 , p < 0.0001). 95% confidence limits are also shown.
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3.4 Discussion

The data from this study show that it is possible to obtain reproducible dose-response 

relationships for histamine and bradykinin using acoustic rhinometry. The effects of 

histamine and bradykinin on acoustically determined changes in nasal airway patency are 

demonstrated here for the first time and these effects have been compared with changes 

in patency determined by posterior rhinomanometry.

The method of posterior rhinomanometry was chosen as an established method with 

which acoustic rhinometry could be compared. Rhinomanometry has probably received 

more attention and has been used most frequently in the past. It has, without doubt, a 

number of drawbacks, but a good correlation between posterior rhinomanometry and 

body plethysmography has been shown (Nolte & Luder-Luhr, 1973). Body 

plethysmography is said to be the standard method of measuring resistance giving the 

most accurate results (Nolte & Ulmer, 1966). Therefore, it seemed reasonable to select 

posterior rhinomanometry for this comparison.

Histamine and bradykinin were chosen for the challenge agents in this study, since the 

effects o f histamine on the nasal airway are well established (Britton et al., 1978; 

Corrado et al., 1987), as are those of bradykinin (Proud et al., 1988; Rajakulasingam et 

al., 1991). The histamine- and bradykinin-induced changes in NAR shown, agree with 

previously established effects of these agents, and correlate with the measurements 

obtained in this study by acoustic rhinometry. The histamine-induced changes in nasal 

patency have been blocked with cetirizine, lOmg and this is in accordance with other 

studies investigating the effect of Hi-receptor antagonists on nasal responses (Bousquet 

et al., 1988; Horak et al., 1993).

The acoustic rhinometer was programmed to provide four measurements of nasal volume 

between different specified distances in the nasal cavity, and measurements o f cross- 

sectional area at four defined distances into the airway, together with a minimum nasal 

cross-sectional area (A min.). Initially, all parameters were considered. However it 

became apparent, once the data had been normalised (expressed as percentage changes
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from control) that the magnitude of the volume changes induced by histamine or 

bradykinin was small. At high doses, subjects complained of blockage, but as the data 

shows (figure 3.1), this was not reflected in a very large volume change. Also, the 

magnitude of the change in NAR following histamine or bradykinin challenge was 

greater. It seemed, therefore, that nasal volume was relatively insensitive to drug-induced 

changes, and the probable explanation for this is that changes in volume over a given 

distance in the nasal airway tend to be of lesser magnitude than changes in resistance to 

flow. Therefore, an obstruction, such as might be caused by a small change in vascular 

tone, means that flow is affected and hence resistance changes, but such a vascular 

response does not cause the volume of the cavity to change appreciably. Also, the 

variability of some of the volume changes was relatively high. This probably reflects the 

larger dimension and variation of the airway in the regions being measured.

The use of cross-sectional areas for expressing the results was then considered. The 

minimum cross-sectional area (A min.) was selected from those provided by the acoustic 

rhinometer. This exhibits less variability than the cross-sectional areas at specified 

distances along the airway. Anatomical differences between individuals is such that nasal 

structures such as the turbinates, which influence the dimensions o f the airway, are 

located at different distances along the nasal passage so, structurally, the actual airway 

measured at 1 0 cm for example in one individual could be quite different from that in 

another. The use of A min. seemed more reasonable and least likely to exclude 

information or give rise to insensitivity. The studies revealed that A min. was, infact, the 

most sensitive measurement, and this probably reflects the fact that the limiting factor 

with respect to nasal resistance to airflow is the dimension of the narrowest part of the 

airway. The A min. values also exhibited more consistent baseline values, as revealed 

from estimates of the coefficient of variation of the mean values.

Acoustic reflection measurements have previously been used for in vivo examination of 

the trachea (Jackson & Krevans, 1984), the phamyx (Brown et aL, 1986) and the 

supraglottal oral cavity (Sondhi & Gopinath, 1971). Acoustic response investigations of 

the human trachea have been shown to be reproducible and correlate with equivalent 

areas determined by X-ray examination (Brooks et aL, 1984) and from computerized
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tomographic (CT) scans (D’Urzo et al., 1987). Hilberg et al. (1989) validated the 

acoustic technique for use on the nasal cavity, with the aim of achieving a method which 

would provide objective measurements of the nasal passage without the technical 

complications associated with other methods (Kern, 1973). In doing so, a simple and 

quick method requiring minimal subject input has been introduced. Acoustic rhinometry 

is not dependent on airflow through the nose and is, therefore, suitable even for severely 

congested subjects. The only potential problem with this method was that the area beyond 

a severe blockage or inflammed area may not be accurately estimated. However, in 

response to this concern, Hilberg and co-workers (1989) showed that placing orifices of 

up to 0.5cm^ in the entrance of the nasal cavity in a cast model, had no effect on the 

measurement in the more distal portions of the area-distance function. The same group 

have also shown that acoustic rhinometry can be used successfully where pathological 

obstruction is evident. The outline, using acoustic rhinometry, of a tumour in the nose 

which virtually occluded one nostril, accurately reflected the findings on clinical 

examination.

In contrast, rhinomanometry is time consuming, requires technical expertise, a high 

degree of subject co-operation zmd is impossible in subjects with severely congested nasal 

airways. There are reports that between 25% and 50% of untrained subjects cannot 

produce satisfactory curves when examined by rhinomanometry (Kortekangas, 1972; 

Kern, 1973). With those subjects where the technique is possible, the positioning of the 

mask appears to be critical in achieving some degree of reproducibility.

Acoustic rhinometry appears to be a useful technique in assessing the pharmacology of 

the nasal airway and has a number of advantages over rhinomanometry. It appears to 

provide reproducible information on the geometry of the nasal cavity and, being entirely 

non-invasive, it does not initiate any reflex control mechanisms in the nose. It should be 

pointed out, however, that acoustic rhinometry is essentially a measurement of anatomical 

dimensions of the nasal cavity whereas posterior rhinomanometry is a functional 

measurement based on pressure and flow in the nasal cavity. It would seem that although 

rhinomanometry probably still has a place as a research tool, acoustic rhinometry is the 

more practicable of the two, and also has the distinct advantage of providing information
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about the likely distribution of resistance.

SUMMARY

#  Acoustic rhinometry is a relatively new method for objectively assessing nasal 

airway patency. In this study we compare acoustic rhinometry with active 

posterior rhinomanometry.

#  Twenty normal healthy volunteers underwent nasal challenge with either histamine 

or bradykinin, 1 0 0 /xg to 1 0 0 0 /xg, and responses were assessed by acoustic 

rhinometry. A further 20 subjects received identical nasal challenges and responses 

were assessed by active posterior rhinomanometry.

#  On a subsequent occasion, the subjects challenged previously with histamine, were 

given the selective Hj-antagonist, cetirizine, lOmg orally, 3 hours before repeat 

nasal challenge with histamine, lOO-lOOO^g. Again, responses were assessed by 

active posterior rhinomanometry and acoustic rhinometry.

#  The acoustic reflection measurements and the nasal airway resistance 

measurements showed comparable, significant dose-related changes in nasal 

patency to both histamine and bradykinin. In addition, pretreatment with cetirizine 

blocked the histamine-induced change in nasal patency as measured by both 

acoustic rhinometry and posterior rhinomanometry.

#  It can be concluded that acoustic rhinometry has a number of advantages over 

posterior rhinomanometry. It is quick to perform, requires minimal subject co­

operation and gives a reliable objective measurement of dose-related changes in 

nasal airway patency before and after pharmacological treatment.
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CHAPTER 4
Pharmacological actions of bradykinin and bradykinin 

analogues in the human nasal airway. Part I: Normal 

subjects.

4.1 Introduction

The known pharmacological properties of the kinins, bradykinin and lys-bradykinin 

(kallidin), have led to these potent vasoactive peptides being implicated in the 

pathogenesis of various inflammatory conditions, including allergic airway diseases 

(Kellermeyer & Graham, 1968; Marceau et a /., 1983). The first indication that kinins 

may be involved in allergic rhinitis was the demonstration that kinin-like activity was 

present in nasal secretions from ragweed-allergic subjects after local antigen challenge 

(Dolovich et aL, 1970). The nasal secretions were bioassayed and kinin-like activity was 

identified using carboxypeptidase B. However, studies by Proud cuid colleagues have 

since provided direct evidence of kinin generation during inflammatory reactions in 

humans. Bradykinin and lys-bradykinin are released into nasal lavage during 

experimentally-induced allergic rhinitis (Proud et aZ.,1983) and rhinovirus infections 

(Naclerio et aL, 1987). Such kinin generation was found to correlate with symptoms in 

both cases.

These observations raise the question as to whether or not kinins are mediators of the 

symptoms of allergic rhinitis. An association between kinin generation and nasal airway 

inflammation is not solely based on experimental models. Kinins appear in the nasal 

secretions of patients with seasonal allergic rhinitis (Svensson et aL, 1990) and during 

naturally occuring rhinovirus infections (Proud et aL, 1990). Further evidence for the 

involvement of kinins in allergic rhinitis is provided by the demonstration that application 

of bradykinin to the nasal airway induces an increase in nasal airway resistance and an 

increase in vascular permeability (Proud et aL, 1988; Rajakulasingam et aL, 1991).
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The actions of bradykinin and lys-bradykinin are mediated via interaction with specific 

receptors. Two kinin receptor types have been described; the receptor and the B2 type. 

The predominant receptor type in humans is the Bj kinin receptor which is defined by its 

high affinity for bradykinin and low affinity for the carboxypeptidase metabolite, [Des- 

Arg^]-bradykinin (Regoli & Barabe, 1980). The possible existance of a B3 receptor has 

also been suggested (Farmer et al., 1989). In the human nasal airway, a Bj receptor 

agonist was found to be inactive in comparison with bradykinin and kallidin, and it was 

suggested that a B2  receptor mediates the effects of bradykinin in the nasal airway 

(Rajakulasingam et at., 1991).

The aim of the following experiments was to use antagonists to attempt to identify the 

kinin receptor involved in mediating the increase in nasal airway resistance and increase 

in vascular permeability induced by bradykinin in the human nasal airway.

4.2 Experimental protocol

For each experiment, subjects were first challenged with vehicle, then by active posterior 

rhinomanometry, 3 NAR measurements, each of 4 nasal cycles, were taken every 5 

minutes over a fifteen minute period to provide a baseline.

On the first of two visits, subjects were given incremental doses of bradykinin, 10 to 

lOOO^g to each nostril, at 30 min intervals. After each challenge, NAR was measured 

at 2,5,10,15 and 20 minutes.

In a second group of subjects, the effect of bradykinin and [Des-Arg^®]-kallidin was 

studied on the release of albumin into the nasal cavity. Subjects were given incremental 

doses of either bradykinin or [Des-Arg^°]-kallidin, 10 to 1000/xg to each nostril at 30 

minute intervals. Nasal lavage was performed 10 minutes after administration of each 

dose of kinin.
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On a second occasion, subjects were given [Des-Arg^^-kallidin, 100/xg to each nostril and 

NAR was measured every 5 min for 20 min.

To study the action of the antagonists, another group of subjects were given the 

antagonist, 100/xg to each nostril, 2 min prior to bradykinin, 100/xg, and NAR was 

measured as before.

At a second visit, subjects underwent identical nasal treatments with the bradykinin 

antagonists and bradykinin, and a nasal lavage was performed 1 0  min after the challenge 

with bradykinin.

Data analysis

Changes in NAR in response to each substance were expressed as the percentage change 

from the vehicle control values. The response to each substance was quantified for each 

dose as the maximal change in NAR during the post-challenge measurements.

All data were expressed as mean ±  s.e.m. Repeated measures analysis o f variance 

(ANOVA) was used statistically to evaluate the responses to bradykinin alone. Student’s 

t-test was used for the evaluation o f the difference between values obtained after 

bradykinin challenge from those obtained after bradykinin challenge in the presence of 

the bradykinin antagonists. A probability value p < 0 .0 5  was considered significant.
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4.3 Results

4.3.1 Effect of bradykinin and [Des-Arg^^-kallidin on nasal airway resistance and 

vascular permeability.

Figure 4.1 shows that bradykinin, 10 to lOOO^g administered to each nostril, produced 

a dose-related increase in NAR (repeated measures ANOVA, p=0.016, n = 8 ). Figure 4.2 

demonstrates that over the same dose range, bradykinin also produced a dose-related 

increase in albumin content of nasal lavage (repeated measures ANOVA, p = 0 .02 , 

n =  1 0 ).

The selective B, kinin receptor agonist, [Des-A rg -k a ll id in , 100/xg was ineffective 

compared with bradykinin, 100/xg in causing an increase in NAR (Figure 4.1) and did 

not affect the albumin content of nasal lavage (Figure 4.2).

4.3.2 Effect of three bradykinin antagonists on bradykinin-induced changes in the nasal 

airway.

Preliminary experiments showed that none of the bradykinin antagonists used in this study 

induced significant changes in NAR when administered alone, in the doses stated in the 

protocol.

The B2 kinin receptor antagonist [D-Arg°,Hyp^,D-Phe^]-bradykinin, 100/xg given 2 min 

prior to challenge with bradykinin, 1 0 0 /xg did not produce a significant reduction of the 

bradykinin-induced increase in NAR (figure 4.3 and 4.3a) or the albumin content of the 

nasal lavage (figure 4.4). Increasing the dose of this antagonist to 1000/xg also failed to 

produce any reduction of the bradykinin-induced increase in NAR (n = 5 , p =0.277) 

(Figure 4.5).

The bradykinin antagonist [1-adamantane acetyl-D Arg°, Hyp^, Thi^' ̂ , D-Phe^] -bradykinin, 

1 0 0 /xg given 2  min prior to challenge with bradykinin, 1 0 0 /xg produced a significant
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(paired t-test, p = 0 .0 5 , n = 5 ) inhibition of NAR in response to bradykinin (figure 4.3 and 

4.3b), and a corresponding inhibition (paired t-test, p= 0 .0 5 , n = 5 ) of the albumin content 

of the lavage (figure 4.4).

Figures 4.3, 4.3c and 4.4 show that the B2 kinin receptor antagonist [D- 

Arg°,Hyp\Thi\D-Tic^,Oic^]-bradykinin (Hoe 140), 100/xg given 2 min prior to challenge 

with bradykinin, 1 0 0 /xg produced a significant inhibition of the bradykinin-induced 

increase in NAR (paired t-test, p=0.009, n= 5) and of the albumin content of the lavage 

(paired t-test, p = 0 .0 3 7 , n= 5).

There was no significant difference (p=0.06, n = 5 ) between the effectiveness of the 

active antagonists (BKA2 and BKA3).
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Figure 4.1.

Dose-response curve for bradykinin and increased nasal airway resistance (NAR).

The effect of [Des-Arg^°]-kallidin (T), 100/xg is compared with bradykinin ( # ) .  The data 

are the means from 8  experiments for bradykinin and 5 experiments for [Des-Arg^°]- 

kallidin: vertical bars represent s.e.m. Baseline (saline) values for NAR were 

0.320+0.019 Pa.s.cm   ̂ for bradykinin and 0.315 ±_ 0.014 Pa.s.cm^ for [Des-Arg^°]- 

kallidin.
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Figure 4.2

Dose-response curve for bradykinin and [Des-Arg^®]-kallidin, and albumin content of 

nasal lavage fluid.

( # )  - bradykinin; (V) - [D es-A rg-kallid in . The data are the means from 5 to 10 

experiments and vertical bars represent s.e.m . unless they are concealed within the 

symbol.
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Figure 4.3

The effect of 3 BK antagonists on BK-induced increases in nasal airway resistance.

[D-Arg°,Hyp^D-Phe^]-bradykininis(BKAl),[l-adamantaneacetylD-Arg°,Hyp\Thi^’*,D- 

Phe^l-bradykinin is (BKA2) and [D-Arg°,Hyp\Thi\D-Tic\Oic"]-bradykinin is (BKA3). 

A dose of lOO/ig of each antagonist was given 2 min prior to challenge with bradykinin, 

lOO^g. The responses are expressed as mean percentage increase in NAR and the data 

are the means from 5 experiments for each antagonist and 15 experiments for bradykinin 

alone. Vertical bars represent s.e.m. and * ,+  indicate statistically significant differences 

(* p= 0 .05 , +  p =0.009). Baseline (saline) values for NAR were 0.350 4i 0.027 Pa.s.cm^ 

for experiment with BKAl; 0.329 +: 0.020 Pa.s.cm^ for BKA2; and 0.284 ±_ 0.024 

Pa.s.cm^ for BKA3.
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Figures 4.3a, 4.3b and 4.3c

The same data as in figure 4.3 is represented showing individual changes in NAR 

following challenge.

[D-Arg°,Hyp^,D-Phe^]-bradykininis(BKAl),[l-adamantaneacetylD-Arg°,Hyp^,Thi^’*,D- 

Phe^]-bradykinin is (BKA2) and [D-Arg°,Hyp\Thi^,D-Tic^,Oic^]-bradykinin is (BKA3). 

A dose of 100/xg of each smtagonist was given 2 min prior to challenge with bradykinin, 

100/xg. The responses are expressed as percentage increases in NAR above control 

values. Each different symbol corresponds to a separate individual.
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Figure 4.4

The effect of 3 BK antagonists on BK-induced increases in albumin content of nasal 

lavage.

[D-Arg°,Hyp^,D-Phe^]-bradykinin is BKAl, [1-adamantane acetyl-D-Arg°,Hyp^,Thi^’*JD- 

Phe^]-bradykinin is BKA2 and [D-Arg^,Hyp\Thi\D-Tic^,Oic^]-bradykinin is BKA3. For 

each antagonist, lOOpg was given 2 min prior to bradykinin, lOOpg and the effect on the 

bradykinin-induced increase in albumin content of nasal lavage fluid was measured. The 

data are the means from 5 experiments and vertical bars represent s.e.m. Statistically 

significant differences are indicated by *,+ (* p=0.05, + p=0.037).
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Figure 4.5

The effect of [D-Arg°,Hyp\D-Phe^]-bradykinin (BKAl), 1000gg on the bradykinin- 

induced increase in nasal airway resistance.

The antagonist, lOOOgg was given 2 min prior to bradykinin, lOOgg. Responses are 

expressed as the mean percentage increase in NAR. The data are the means from 5 

experiments for bradykinin alone (□ )  and 5 experiments for bradykinin in the presence of 

antagonist ( S ) .  Vertical bars represent s.e.m. Baseline (saline) values for NAR were 0.225 

+ 0.014 Pa.s.cm^.
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4.4 Discussion

The experiments presented in this chapter show that intranasally administered bradykinin 

induced a dose-related increase in NAR and an increase in albumin content of nasal 

lavage. Measurable effects were obtained with lO^g of bradykinin per nostril and a 

maximum effect does not appear to have been achieved, even with a dose of lOOO^g. In 

this respect, the data is similar to that of others (Proud et al. 1988; Rajakulasingam et 

al. 1991), where doses between 20 and 2000jng, divided between the two nostrils, 

produced dose-related effects. The bradykinin-induced responses in the human nasal 

airway are likely to be the result of vasodilatation and microvascular leakage, mediated 

via activation of specific bradykinin receptors. There is some evidence that bradykinin 

may additionally stimulate sensory nerve endings, thus inducing the local release of other 

vasoactive peptides, such a substance P, neurokinin A and calcitonin gene-related peptide 

(Saria et at., 1988). However Rajakulasingam et aL, (1992) have shown that although 

bradykinin-induced nasal discomfort appears to be neurally mediated, the effects of 

bradykinin on NAR and plasma protein exudation are not. The authors attributed these 

effects to a direct vascular action. In this study, no analysis of any indirect effects of 

bradykinin mediating the responses has been undertaken.

Kinin receptors have been classified into and B2  types according to the relative 

potencies of a series o f bradykinin analogues with agonist or antagonist properties (Regoli 

& Barabe, 1980; Regoli et al. 1990). More recently evidence has emerged indicating the 

possibility of a third type of kinin receptor, namely a B3 receptor (Farmer et al. 1989; 

Farmer et al., 1991b; 1991c; Field et al., 1992). This is based on the observation that 

in some airways, neither Bj or B2  receptor antagonists have any effect on the contractile 

effects of bradykinin; neither is [Des-Arg^]-bradykinin able to cause a response. Ligand 

binding studies corroborate these functional findings and Farmer et al., (1989) 

demonstrated the presence of specific bradykinin binding in the guinea-pig trachealis 

which could not be displaced by a B2  receptor antagonist. The authors suugested that the 

actions of bradykinin in this tissue may be mediated by a B3 receptor. However, there 

are, as yet, no selective agonists or antagonists available for these receptors. It has also 

been suggested that there may be subtypes of the B2 receptor; B2A and B2 B. This is based
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on evidence of differing affinities of Bj antagonists in two different B2 receptor-containing 

preparations (Rhaleb et aL, 1992). In the study of Rhaleb et al. (1992) [D- 

Arg°,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin was equipotent on both preparations. There are 

several other reports of the existence of subtypes of B2 receptor (Trifilieff et aL, 1991; 

Seguin et aL, 1992). In these studies, the authors claim that analysis o f pH]-bradykinin 

binding kinetics suggests high and low-affinity binding sites, but that they were not 

sufficiently different to warrant the classification of a separate class o f receptor (B3).

In addition to quantifying the agonist effects of bradykinin in this study, the effect of a 

selective Bj agonist in the nasal airway was also investigated. Removal of the N-terminal 

arginine from lys-bradykinin forms the selective Bj agonist, [Des-Arg^°]-kallidin. Using 

this selective B̂  agonist in the present study, it caused no change in nasal airway 

resistance and there was no increase in vascular permeability, even at a dose of 1 0 0 0 /ig. 

From this, it can be concluded that the kinin receptor mediating these nasal effects of 

bradykinin itself is not of the B̂  type. The same conclusion was also reached in another 

study using the selective B̂  agonist, [Des-Arg^]-bradykinin (Rajakulasingam et a t. , 1991). 

On the basis of the agonist potency order for Bj receptors; bradykinin >  kallidin >  >  > 

[Des-Arg^]-bradykinin > [Des-Arg‘°]-kallidin (Regoli & Barabe, 1980), it seems likely 

that the nasal effects of bradykinin are mediated through B2 receptors. Bradykinin B2  

receptors have indeed been identified on vascular and sensory neural sites in the human 

nose, by ligand-binding studies using [‘̂ ^I]-bradykinin (Baraniuk et aL, 1990c). 

Therefore, the bradykinin antagonists used in this study were selected on the basis of each 

displaying B2 antagonist activity in vitro.

[D-Arg°,Hyp^,D-Phe^]-bradykinin has been shown to be a competitive antagonist of B2  

receptors in several in vitro studies (Steranka et aL, 1989; Burch et aL, 1990) but the 

results of these studies and reports from others (Higgins et aL, 1990; Pongracic et aL, 

1991) indicate that it fails to block the bradykinin-induced effects in the human nasal 

airway. This could result for several reasons. Although degradation of the antagonist 

cannot be ruled out, it seems unlikely that this explains its lack of effect in the human 

nasal airway. D-Phe^ substituted analogues of bradykinin are resistant to the action of 

kininase II (Togo et aL, 1989), although they are susceptible to carboxypeptidase N
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(Proud et al., 1987). Moreover, if metabolism is a significant limitation to the effects 

of kinins in the nasal airway, then bradykinin itself would not be expected to be so 

active. More likely explanations are those related to the potency of the compound and the 

possibility that this antagonist is ineffective at the kinin receptor in question. [D- 

Arg°,Hyp^,D-Phe^]-bradykinin has a relatively low affinity for the receptor, having a 

pA2  value on the order of 6  (Steranka et al., 1989). This means that the dose initially 

used in this study, lOO^g, may not have been sufficient. Therefore, the experiment was 

repeated using a dose of 1 0 0 0 /xg, corresponding to a 1 0 -fold molar excess, which was 

thought to be adequate to inhibit the effects of bradykinin in the nasal airway. However, 

such a dose was based on pA2 values obtained in isolated animal tissue preparations. 

There is no data on in vitro testing of this compound on human cell or tissue 

preparations, and therefore it is possible that an even higher dose is required at the 

receptor level in man to achieve antagonism. Cost and ethical considerations precluded 

raising the dose any further. In an attempt to take account of the low potency and to 

favour occupancy of receptors by the antagonist, it was administered two minutes prior 

to bradykinin. Other studies where a 100-fold molar excess of the antagonist was used, 

still resulted in a total failure to induce inhibition of the effects of bradykinin (Pongracic 

et al., 1991).

Recently, acylation of the N terminus of [D-Arg°,Hyp^,Thi^'^,D-Phe^]-bradykinin with 

1 -adamantane-acetic acid, has been shown to yield a highly potent bradykinin antagonist. 

This analogue has a ten-fold increased potency at B2 receptors when compared with the 

parent compound (Lammek et al., 1990), which is itself, a potent bradykinin anatagonist 

(Schacter er fl/., 1987). [l-adamantaneacetyl-D-Arg°,Hyp^,Thi^ \D-Phe^]-bradykinin has 

been shown to antagonize the vasodepressor action of bradykinin in the rat and 

presumably acts at B2  receptors (Lammek et al., 1990), though an action on a different 

kinin receptor subtype has not been excluded. Some bradykinin antagonists acting on the 

vasculature, act as agonists at other sites, such as the adrenal where they stimulate the 

release of catecholamines. However, the acylation step in forming this antagonist appears 

to have eliminated activity which was a property of the parent compound (Lammek et a l.,

1991). In the present study, this antagonist appears successfully to block the bradykinin- 

induced increase of NAR and vascular permeability in the human nasal airway. The high
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potency of [1-adamantane acetyl-D-Arg°,HyP^)Thi^*,D-Phe^]-bradykinin has been 

attributed to the bulky substituent at the N-terminus, which is thought significantly to 

influence the interaction of the peptide with the B; receptor, thereby increasing potency 

(Lammek er û /., 1991).

Another novel, highly potent bradykinin antagonist, [D-Arg°,Hyp^,Thi\D-Tic^,Oic^]- 

bradykinin (Hoe 140) (Hock et al., 1991; Wirth et a l., 1991), was found to inhibit the 

bradykinin-induced increase in NAR and albumin release into the nasal airway. This 

antagonist is highly potent, having an affinity for kinin receptors comparable with 

bradykinin. It is also long-acting and well-tolerated, since it has virtually no agonist 

activity (Hock et al., 1991). The structure of this compound is such that it has a large 

hydrophobic region contributed by D-Tic^,Oic* and this is thought to lead to prolonged 

occupation of, and greatly enhanced affinity for the bradykinin 6 3  receptor (Rhaleb et al.

1992). It is also highly stable against enzymatic degradation, since it is not a substrate 

for kininase II or carboxypeptidases and is only slowly degraded in human plasma (Hock 

et al. 1991). In vitro and in vivo studies to date confirm that [D-Arg°,Hyp^,ThP,D- 

Tic^,Oic^]-bradykinin has a high affinity for binding sites characteristic of 6 3  receptors, 

having a PA3  of 8.4 in guinea-pig ileum preparations (Hock et al., 1991). However, it 

also labels a low-affinity binding sites in guinea-pig trachea (Trifilieff et al., 1992) and 

shows agonist properties in this tissue, without exhibiting agonist effects in other B3- 

receptor containing tissues (Hock et al., 1991; Wirth et al., 1991). This may be evidence 

for the B3 putative receptor. Alternatively, kinins have indirect, receptor- independent 

effects and this may be an example.

The data presented in this chapter show that one antagonist, [D-Arg°,Hyp^,D-Phe^]- 

bradykinin, which has previously been shown to act at B3  receptors fails to inhibit the 

nasal actions of bradykinin that we have measured. In contrast, two other novel 

bradykinin antagonists do inhibit the nasal action of bradykinin. [D-Arg°,Hyp^,D-Phe^]- 

bradykinin is an antagonist of low potency and although we found it to be inactive even 

at a dose of lOOO/xg, we cannot exclude the possibility that it is active at the bradykinin 

receptor mediating increases in NAR. For the reasons discussed above, it seems 

unlikely that metabolism of the antagonist explains these effects but, again, this cannot
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be excluded. Other factors such as conformational restraints, which may limit the access 

of the antagonist to the receptor site cannot be disregarded, although there is no 

information on this.

As pointed out above, there is published evidence which suggests the possibility that there 

is a B3 receptor or that the B2 class is subdivided. If it is accepted that [D-Arg°,Hyp^,D- 

Phe^]-bradykinin is inactive in the human nasal airway, the activity of the two other 

antagonists that we have demonstrated would be consistent with heterogeneity of B2 

receptors or the existence of a B3 receptor.

The kinin receptor mediating increased NAR and increased vascular permeability in the 

human nasal airway is not B,, and with the present pharmacological tools available, it can 

only be concluded that it appears to be B2 : whether it is ’B3 ’ or a subtype of the B2 

receptor requires more potent and selective antagonists and agonists.
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Summary

The aim of this study was to investigate the action of bradykinin on resistance to 

airflow and on vascular permeability in the human nasal airway of normal 

subjects, and to explore the receptor mediating these effects.

Aerosol administration of bradykinin, 10 to 1000/xg, caused a dose-related 

increase in nasal airway resistance (NAR), and an increase in albumin content of 

nasal lavage.

The bradykinin antagonists, [1-adamantane acetyl-D-Arg°,Hyp^,Thi^ \D-Phe^]- 

bradykinin, 100/xg, and [D-Arg°,Hyp^,Thi^,D-Tic^Oic*]-bradykinin, 100/Lcg, given 

2 minutes before bradykinin, inhibited the increase in NAR and the increase of 

albumin content of nasal lavage caused by bradykinin.

The bradykinin antagonist, [D-Arg°,Hyp\D-Phe^]-bradykinin, lOO^g, did not 

affect the increase in NAR produced by bradykinin, or the albumin content of 

nasal lavage. Increasing the dose of the antagonist to lOOO^g did not change the 

increase in NAR induced by bradykinin.

The selective kinin receptor agonist, [Des-Arg^°]-kallidin, 100/xg did not affect 

NAR or the albumin content of nasal lavage.

The receptor mediating increased NAR and the release of albumin induced by 

bradykinin in the human nasal airway appears not to be a Bj kinin receptor. The 

data are not entirely consistent with the effects of bradykinin in the human nasal 

airway being mediated by a B2 kinin receptor.

103



CHAPTER 5
Pharmacological actions of bradykinin and bradykinin 

analogues in the human nasal airway. Part II: Atopic 

patients.

5.1 Introduction

Several recent reports have focused on demonstrating a possible role for kinins in certain 

pathological events in the airway. The previous chapter cited studies indicating a role of 

kinins in allergic reactions in the upper airway and during experimental and natural 

rhinovirus colds. Results from the studies performed in the previous chapter provide 

further support for the hypothesis that kinins may be important mediators in allergic 

rhinitis, since administration of bradykinin to the nasal airway causes symptoms of 

rhinitis, which can be prevented with a B2  receptor antagonist. Definitive verification of 

this hypothesis can only be achieved by showing that blocking the actions of kinins during 

the nasal allergic reaction can lead to symptomatic relief.

In vivo studies in sheep (Soler et al., 1990) have shown that inhalation of a B2  receptor 

antagonist prior to antigen challenge inhibits the influx of neutrophils and 

hyperresponsiveness to methacholine, both of which are features of the allergic response 

in this model. Similarly, a B2 receptor antagonist has been shown to be effective in 

inhibiting antigen-induced eosinophilia and hyperresponsiveness in a guinea-pig model 

(Farmer et al., 1992). It was, therefore, one of the intentions of this study to investigate 

the effect o f a B2 receptor antagonist on the nasal allergic reaction.

The experimental results described in the previous chapter indicate that the acute effects 

of bradykinin challenge in normal individuals is probably mediated by the B2  receptor 

type. This observation is consistent with reports from others (Churchill et al., 1991; 

Rajakulasingam et al., 1991). However, there is significant evidence that tissue injury or
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inflammation could, by itself, modify the tissue responsiveness to kinins and, therefore, 

it is possible that the activity spectrum of kinins in atopic patients is somewhat different 

from that in normal individuals.

It has been shown in vitro and in vivo, that the Bj receptor can be induced by 

inflammatory stimuli (Regoli et al., 1978; 1981) and, therefore, the involvement of the 

Bi receptor in inflammatory conditions such as allergic rhinitis, cannot be ruled out. If 

there were functionally significant Bj receptors present in the inflammed nasal airway, 

then the normally inactive kinin fragments, [Des-Arg^]-bradykinin and [Des-Arg^®]- 

kallidin, formed by the removal of the C-terminal arginine residue in the process of kinin 

metabolism, could act as vasodilators, and cause nasal blockage.

The aims of this study were two-fold. Firstly to investigate the effect of the Bj antagonist, 

[D-Arg°,Hyp^ThF,D-Tic^,Oic®]-bradykinin, on the nasal response to challenge with 

house-dust mite (HDM) in allergic patients; and secondly to investigate the possible 

functional importance of the Bj receptor in the nasal airway of individuals with current 

symptoms of allergic rhinitis, in order to assess whether the Bj receptor has a role in the 

generation of nasal symptoms associated with nasal allergy.

5.2 Experimental protocol

5.2.1 Effect of [D-Arg°,Hyp^,Thi\D-Tic^,Oic^]-bradykinin on HDM-induced increase in 

nasal blockage.

Ten patients took part in this experiment. They were treated by intranasal aerosol in a 

single blind, cross-over manner with: (a) saline (vehicle) or (b) [D-Arg°,Hyp^,Thi^,D- 

Tic^,Oic*]-bradykinin, 200;zg. Two minutes after the treatment, aerosol nasal challenge 

with HDM, 500U was performed. Patients were randomly allocated to either of the two 

treatments. The cross-over treatment was conducted one week later.

At each attendance, patients were first given an intranasal aerosol of sterile saline,
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followed by acoustic reflection measurements performed every 5 minutes over a 15 

minute period to collect baseline data. Symptom scores were also collected at this time. 

Patients were then given either treatment (a) or (b) as described above and acoustic 

reflection measurements and symptom scores were collected 1 0  minutes after challenge 

with HDM. Symptoms were recorded as nasal blockage, itching, sneezing and running, 

using 10cm visual analogue scales (Aitken, 1969).

5.2.2 Effect of [D-Arg°,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin on HDM-induced increase in 

vascular permeability:

For albumin measurements, 5 different patients took part in a single-blind, cross-over 

design similar to that described for acoustic reflection measurements. The two treatment 

groups were the same as described above for acoustic reflection measurements.

At each attendance, patients were given an intranasal aerosol of sterile saline and nasal 

lavage was performed 10 minutes later. Patients were then randomly allocated to 

treatments (a) or (b) and 10 minutes after challenge with HDM, 500U, nasal lavage was 

performed. One week later the cross-over measurements were made.

5.2.3 Effect of [Des-Arg^°]-kallidin on nasal blockage in atopic patients.

Five patients, all with current symptoms of allergic rhinitis and allergic to house-dust 

mite, took part in this study. Each patient was first given saline by aerosol and acoustic 

reflection measurements were made over a 15 minute period to collect baseline data. The 

patients underwent challenge with both [Des-Arg^°]-kallidin and bradykinin, separated by 

at least one hour. The study had a cross-over design as before, and patients received the 

challenge agents in a random order. Both kinins were administered by aerosol as a dose 

of 100/xg to each nostril. Acoustic reflection measurements were made over 30 minutes 

following challenge. Patients recorded symptom scores on visual analogue scales (Aitken, 

1969).
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5.2.4 Data analysis

The mean of the A min. values obtained by acoustic rhinometry for the left and the right 

nostrils were calculated for each measurement taken. Responses were quantified as the 

maximal decrease in A min. during the post-challenge period, and expressed as % 

decrease from baseline (saline challenge). The total symptom score at each challenge was 

obtained by measuring the lines on the visual analogue scale and adding them. Albumin 

levels (mg/dl) in the lavage were calculated for saline and for each treatment.

All data were presented as mean ±  standard error of mean. Student’s t-test was used 

statistically to evaluate the differences between the responses to intranasal challenge with 

saline (baseline) and HDM and the responses to HDM and those obtained after HDM 

challenge in the presence of the bradykinin antagonist. One-way analysis of variance 

(ANOVA) was used to statistically evaluate the responses to [Des-Arg‘°]-kallidin and 

bradykinin. A probability value of p < 0 .0 5  was considered significant.

5.3 Results

5.3.1 Effect of [D-Arg°,Hyp^,Thi^,D-Tic^,Oic*]-bradykinin on HDM-induced increase in 

nasal blockage.

Figures 5.1 and 5.2 show results from preliminary experiments designed to select the 

dose of house-dust mite (HDM) to be used in this study and the time at which to measure 

the responses. Figure 5.1 represents a dose-response curve to HDM, indicating that doses 

of 100 to lOOOU to each nostril, induce dose-related decreases in A min. Figure 5.2 

shows a time course of the response to house-dust mite, 500U in one subject.

Figure 5.3 shows that intranasal challenge with house-dust mite, 500U induced a decrease 

in A min. of 27.2 ±  5.8% (p< 0 .001 , n =  10), and an increase in symptom scores from 

control (saline) values of: 209% for nasal blockage; 51% for running; 32% for itching; 

23% for sneezing (Figure 5.4). Only the magnitude of the change in nasal blockage
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induced by HDM was significantly different from control scores (p< 0 .05). 

Administration of [D-Arg°,Hyp^,Thi^,D-Tic^, Oic^]-bradykinin, 200jtig prior to challenge 

with house-dust mite, blocked the antigen-induced decrease in A min., (p=0.006, n =  10) 

(Figure 5.3). In addition, the antagonist reduced symptom scores from those obtained 

after HDM challenge alone. However only the reduction in scores for nasal blockage 

reached statistical significance (p< 0 .05 ; Figure 5.4).

5.3.2 Effect of [D-Arg°,Hyp^,Thi^,D-Tic^,Oic*]-bradykinin on HDM-induced increase in 

vascular permeability:

Nasal challenge with HDM, 500U had no effect on the concentration of albumin 

measured in nasal lavage. Albumin levels after HDM were no different from control 

(saline) levels. The mean albumin concentration of nasal lavage prior to challenge with 

HDM was 3.8 ±  0.6 mg/dl and after HDM challenge, it was 2.9 ± 0 . 8  mg/dl (n= 5 , 

p > 0 .0 5 ).

5.3.3 Effect of [Des-Arg*®]-kallidin on nasal blockage in atopic patients.

Figure 5.5 shows that administration of the selective Bj agonist, [Des-Arg^^-kallidin, 

lOO^g to atopic patients presenting with current symptoms of allergic rhinitis had no 

effect on nasal blockage, as quantified by no significant change in A min. values 

(ANOVA p > 0 .0 5 ). In contrast. Figure 5.5 shows that bradykinin, 100/xg caused a 

significant decrease in A min. (ANOVA p < 0.0001 ).
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Figure 5.1

Dose-response curve for nasal challenge with house-dust mite.

Responses to challenge with house-dust mite (HDM) in one patient, expressed as the 

maximal percentage change from control in the minimum nasal cross-sectional area 

(A min.) during the post-challenge period. Control (saline) value for A min. was 

0.44cm^.
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Figure 5.2.

Time course of the response to challenge with house-dust mite.

Example of the response to HDM, 500U with time, in one atopic patient. Responses are 

expressed as the percentage change in the minimum nasal cross-sectional area (A min.) 

from the vehicle (saline) control value, which was 0.23cm^.
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The effect of a bradykinin antagonist on allergen-induced increases in nasal blockage.

[D-Arg°,Hyp^,Thi\D-Tic^,Oic^]-bradykinin (BKA) 200pg, or vehicle were given 2 min 

prior to challenge with house-dust mite, 500U. The responses to intranasal allergen 

challenge are expressed as % decrease in the minimum nasal cross-sectional area (A min.). 

Each symbol represents a different individual. The horizontal bars represent the means 

from the 10 experiments. Control (saline) values for A min. were 0.41 ± O.OScm  ̂ for 

challenge with house-dust mite, and 0.43 ± 0.06cm^ for house-dust mite challenge in the 

presence of antagonist. * - significant difference, p<0.05.
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Figure 5.4.

The effect of a bradykinin antagonist on allergen-induced increases in symptom scores.

[D-Arg°,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin (BKA) 200fig, or vehicle was given 2 min 

prior to house-dust mite, 500U. (■ ) -  saline challenge; (□ )  house-dust mite challenge; 

( S )  house-dust mite challenge in the presence of bradykinin antagonist, 200/xg. The data 

are the means from 1 0  experiments and vertical error bars represent s.e.m . * - significant 

difference, p < 0 .0 5 .
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Figure 5.5.

The effect of the Bj receptor agonist, [Des-Arg^^-kallidin compared with bradykinin on 

nasal blockage in rhinitic patients.

[Des-Arg^®]-kallidin, 100/xg (V) and bradykinin, 100/xg (# )w ere  administered to 5 

individuals. Responses are expressed as the percentage change in minimum nasal cross- 

sectional area (A min.). Vertical bars represent s.e.m . Control (saline) values for A min. 

were 0.397 ±  0.06cm^prior to [Des-Arg^^-kallidin challenge and 0.413 ±  0.03cm^ prior 

to bradykinin challenge.
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5.4 Discussion

This study identifies a kinin-mediated component in the response to nasal challenge with 

house-dust mite (HDM) in individuals with allergic rhinitis to this antigen. The significant 

inhibition of the HDM-induced increase in nasal blockage by this antagonist and the lack 

of effect of HDM on vascular permeability, indicates that the kinin-mediated component 

of this response, consists predominantly of nasal blockage. This is supported by the 

symptom scores recorded. The antagonist reduced all symptoms; nasal blockage, 

rhinorrhoea, itching and sneezing, but only in the case of nasal blockage, was the 

reduction statistically significant. These data confirm those of many others where a 

potential role for kinins in nasal inflammatory and allergic reactions has been suggested.

The effect of the bradykinin antagonist on the nasal response to HDM challenge was 

examined in this study because bradykinin, itself, induces changes in nasal blockage and 

vascular permeability (Proud et al., 1988; chapter 4), both of which have been reported 

to occur in nasal allergic reactions (Proud et al., 1983; Baumgarten et al., 1985). The 

antagonist used in this study was selected on the basis of it being the most effective 

compound used in the previous study, to block the effects of exogenous bradykinin. The 

dose of antagonist used was partially based on the previous study, although it was 

increased, because the amount of endogenous kinin produced by each patient following 

allergen challenge was unknown. Kinin generation in the nasal airway has previously 

been measured in allergic patients following allergen challenge (Proud et al., 1983), but 

a wide variation was evident, making it impossible to predict the likely concentrations in 

the nasal secretions of patients in this study.

The dose of HDM used for the allergen challenge in this study was based on preliminary 

experiments, which indicated that a dose of 500U produced a sub-maximal response in 

nasal blockage, i.e. sub-maximal decrease in A min. values, in all patients studied. In the 

preliminary experiments, the time course of the HDM-induced increase in nasal blockage 

was also investigated. It was found that the response was maximal at approximately 10 

minutes post-challenge. Therefore, in the present study the HDM-induced effects on nasal 

blockage and vascular permeability, were quantified at 1 0  minutes post-challenge.
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The results of these experiments demonstrate that HDM induced an increase in nasal 

blockage, which could be blocked with, [D-Arg°,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin, but 

that HDM had no effect on vascular permeability, as indicated by measuring the albumin 

concentration of nasal lavage. Nasal challenge with grass pollen has previously been 

shown to induce increases in vascular permeability at 40 minutes post-challenge, a time 

which correlated with the onset of symptoms (Baumgarten et al., 1985). In this study, 

vascular permeability was examined at 1 0  minutes post-challenge, since this time 

corresponded to the maximal effect of the allergen on symptoms, as determined by 

quantifying nasal blockage.

A previous study investigating the effect of [D-Arg°,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin 

in nasal allergy, indicated that it was ineffective in reducing the response (Akbary & 

Bender, 1993). However, this study was performed using seasonal allergic rhinitics, with 

allergy to grass pollen. The difference between the two studies is interesting, because 

patients with perennial allergic rhinitis, with chronic HDM sensitivity, suffer 

predominantly from nasal blockage, whereas those with seasonal allergic rhinitis, with 

grass pollen sensitivity, have marked rhinorrhoea and sneezing (Dr G.K. Scadding, The 

Royal National Throat, Nose and Ear Hospital, London, unpublished observations). The 

pathophysiology of the two types of rhinitis may differ, with bradykinin being a major 

mediator of perennial rhinitis but not seasonal allergic rhinitis. Despite the fact that 

exogenous bradykinin can induce increases in both nasal blockage and nasal vascular 

permeability (Proud et al., 1988; chapter 4), it may be that antigen provocation, in 

contrast, causes more local increases in kinins within the nasal airway, resulting in 

increased blood flow into nasal sinusoids. This may be sufficient to cause nasal blockage 

via soft tissue swelling and may be more important than blockage induced by swelling 

caused by plasma extravasation. However, another possibility which cannot be ruled out 

at the present time, is that the dose-response curve for HDM and vascular permeability 

may be shifted, in comparison with that for HDM and nasal blockage. This seems 

unlikely though, given the clinical observations and lack of effect of the antagonist in 

seasonal allergic rhinitis.

The data in this chapter provide the first demonstration of a bradykinin antagonist
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producing an effective blockade of allergen-induced symptoms in a human model of 

allergic rhinitis. The bradykinin component of the response to house-dust mite challenge 

appeared to consist largely, of nasal blockage. Bradykinin has a direct vasodilatory effect 

causing engorgement of vessels limiting airflow, (Regoli & Barabe, 1980). It also has an 

indirect effect, by virtue of an ability to sensitize and stimulate, capsaicin-sensitive 

sensory C-fibres (Saria et al., 1988). This leads to the release of neuropeptides, probably 

via axon reflexes, resulting in vasodilatation and gland secretion, which could be 

postulated to cause nasal blockage and oedema respectively. However, a more recent 

study where subjects were challenged with intranasal bradykinin, indicated that only 

bradykinin-induced rhinorrhoea is neurally mediated, and the effects on nasal blockage 

are due to the direct vascular action of this peptide (Rajakulasingam et al., 1992b).

The rhinitic effects of bradykinin have been reported previously (Proud et al., 1988; 

Rajakulasingam et al., 1991). They have been attributed to activation of B2  receptors 

(Rajakulasingam et al., 1991; chapter 4), which have been shown, by autoradiographic 

examination, to be present on the nasal vasculature (Baraniuk et al., 1990c). However, 

previous studies which have investigated the effect of a B2 receptor antagonist in the nasal 

airway, either after bradykinin challenge or during viral rhinitis, have not been 

encouraging. These studies, (Higgins et al., 1990; Pongracic et al., 1991) which are 

discussed in the previous chapter, employed [D-Arg°,Hyp^,D-Phe^]-bradykinin as the 

antagonist. The lack of success with this antagonist is probably associated with the lack 

of potency or specificity of the compound. Therefore the use o f [D-Arg°,Hyp^,Thi^D- 

Tic^,Oic®]-bradykinin, a new, more potent and more stable antagonist (Hock et al., 1991; 

Wirth et al., 1991) was necessary, in order to examine further the possible kinin 

contribution in the nasal allergic response.

The effect of [D-Arg°,Hyp^,ThP,D-Tic^, Oic^]-bradykinin on attenuating the nasal 

response to allergen challenge was striking. Given the magnitude of the effect, it is 

possible that the action of this bradykinin antagonist is not simply at the level of blocking 

the effects of endogenous kinin per se. In addition to receptor-mediated effects, the 

possible contribution of receptor independent effects should be considered. Bradykinin 

and its peptide analogues are known to exhibit several non receptor-mediated effects. Of
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relevance here, is that some antagonists have been reported to inhibit human tissue 

kallikrein (Spragg et al., 1988). Such inhibition would lead to a reduction in the 

conversion of kininogen to kinin at multiple sites in the body. It is, therefore, possible 

that the presence of a bradykinin antagonist in the nasal airway, could result in a local 

reduction in kinin generation. Spragg et al. (1988) monitored this effect in vitro and 

found that it occured within 1 0  minutes, which is appropriate to the time course of the 

nasal response.

The effectiveness o f [D-Arg°,Hyp^,Thi^,D-Tic^,Oic*]-bradykinin in attenuating the nasal 

response to allergen challenge in patients with allergy to house-dust mite, is evidence for 

bradykinin involvement in this response, which is B2 receptor mediated, according to 

current bradykinin receptor classification (Regoli et al., 1990). The possibility that 

receptors may be present in the nasal airway of allergic patients and that they may have 

a role in producing rhinitic effects, was also investigated. This was based on studies 

which have implicated B̂  receptors pathophysiologically in tissues which are normally 

only responsive to B2  agonists. The first report indicating that inflammed or injured tissue 

may differ from normal tissue in responsiveness to kinins, was provided by Regoli et al. 

(1978). It was shown that the response of isolated rabbit mesenteric vein to the selective 

Bi receptor agonist, [Des-Arg^-bradykinin, consistently increased, from an initial low 

level, as a function of incubation time in vitro. A similar phenomenon has been 

confirmed in other isolated tissues including human colon (Couture et al., 1981). The 

upregulated response to [Des-Arg^]-bradykinin is believed to be due to the de novo 

synthesis of B̂  receptors during incubation. This is supported by the ability of 

cycloheximide and actinomycin, which inhibit protein synthesis and RNA synthesis 

respectively, but not anti-inflammatory agents, to ablate the spontaneously generated 

responsiveness (Regoli et al., 1978). Ligand binding studies have shown a correlation 

between an increase in specific binding of pH]-des-Arg^-bradykinin with its time 

dependent ability to cause a functional response (Barabe et al., 1982). Following these 

in vitro experiments, responsiveness to [Des-Arg^]-bradykinin has been induced in vivo 

at the site of chemical trauma, and blocked with Des-Arg^°, [Leu^-kallidin, a B̂  

antagonist (Marceau et al., 1980; Regoli et al., 1981).

117



Therefore, this study examined whether a pharmacological response to the Bj agonist, 

[Des-A rg^-kallid in , could be achieved in patients with allergic rhinitis. It was found that 

[Des-A rg^-kallid in  had no effect in the nasal airway, whereas bradykinin challenge in 

these patients induced a significant increase in nasal blockage. Such an effect of 

bradykinin is further evidence for the B2 receptor being involved in the nasal response 

to allergen challenge, but suggests that there is unlikely to be a contribution from the B% 

receptor. This data cannot be taken as conclusive evidence for this, however, since the 

induction of B̂  responsiveness may occur after an actual insult, such as an allergen 

challenge. Even though these patients all had current symptoms of perennial rhinitis, they 

were not of the same magnitude as those symptoms observed directly after an allergen 

challenge. The studies described above on induction of Bj responsiveness provided 

evidence for this phenomenon being maximal in vitro at 6  hours (Regoli et al., 1978) and 

in vivo at 5 hours after injury (Marceau et al., 1980; Regoli et al., 1981). It may, 

therefore, be more appropriate to perform an allergen challenge and investigate 

responsiveness to a B̂  agonist over the post challenge period. In the light o f the studies 

described above on induction of Bj responsiveness, the effect may occur several hours 

after a challenge and the B̂  responses may return to a null level outside a challenge. 

However, studies which have investigated responses to B̂  receptor agonists in the nasal 

airway over 6  hours after challenge found no evidence for induction o f B̂  responsiveness 

(Dr D. Proud, Johns Hopkins University School of Medicine, Baltimore, U .S.A . - 

personal communication).

If Bi receptors have any role in allergic rhinitis, the mechanism by which tissue injury 

may promote de novo formation is unknown. Such B  ̂ receptor generation would have no 

consequence if  the kinin metabolites, [Des-Arg^]-bradykinin and [Des-Arg^°]-kallidin, 

derived from kininase I were not present at the site of injury. It is unknown whether the 

stimulus for B̂  formation has any effect on kininase I. In vivo, kininase II is largely 

responsible for kinin inactivation (Marceau et al., 1983). Again, whether kininase I 

predominates in certain pathological conditions remains unknown. Kininase I being a 

plasma protein may be present in inflammatory exudate and might promote the production 

of Bi agonists at tissue level. [Des-Arg^]-bradykinin has a greater capacity to induce 

effects than bradykinin itself, since it possesses a significantly longer half-life in plasma
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(Marceau et al., 1981).

The results from the present study provide no evidence for receptor-mediated effects 

in the allergic nasal airway. It would appear that kinin-mediated effects in the nasal 

airway, relevant to allergic rhinitis occur via a B2 receptor, since [D-Arg°,Hyp^,Thi^,D- 

Tic^,Oic^]-bradykinin is very effective in attenuating the nasal blockage induced by HDM, 

in patients with this allergy. However, it seems that the relative contribution of 

inflammatory mediators in perennial and seasonal allergic rhinitis may differ. The 

bradykinin antagonist used in this study may be useful in further studies, to clarify this 

point. At present, it can only be concluded that bradykinin antagonists may have a 

potential therapeutic application, at least in some types of allergic rhinitis.
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SUMMARY

#  The effect of the bradykinin antagonist, [D-Arg°,Hyp^,Thi^,D-Tic^,Oic*]- 

bradykinin on the response to nasal challenge with house-dust mite (HDM) in 15 

atopic patients has been investigated. Responses were assessed using acoustic 

rhinometry, by measuring changes in vascular permeability, and by recording 

symptoms on visual analogue scales.

#  Intranasal challenge with HDM, 500U resulted in significant increases in nasal 

blockage but had no effect on vascular permeability.

#  Administration of [D-Arg^,Hyp^,Thi^,D-Tic^,Oic^]-bradykinin, 200/xg, 2 min prior 

to challenge with HDM, 500U significantly reduced the HDM-induced nasal 

blockage. The data indicate that the nasal response to allergen challenge is 

mediated to a large degree by kinins.

#  The selective receptor agonist, [Des-Arg^^-kallidin, has no effect on nasal 

blockage or any symptoms scored. This is in contrast to bradykinin, which 

increased nasal blockage and symptom scores.
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CHAPTER 6
The contribution of histamine to the action of bradykinin 

in the human nasal airway.

6.1 Introduction

One of the first reports indicating that kinins may be involved in the nasal allergic 

response demonstrated that nasal challenge of allergic individuals with allergen, results 

in the appearance of kinins in nasal lavage fluid (Proud et al., 1983). Such kinin 

generation was shown to correlate highly with the onset of symptoms and with presence 

of other inflammatory mediators, particularly those derived from mast cells, such as 

histamine and PGD2 . It has since been established that intranasal administration of 

bradykinin results in rhinorrhoea and nasal blockage (Proud et at., 1988; Rajakulasingam 

et al., 1991; chapter 4). These effects are in keeping with the vasodilator effect of 

bradykinin and its effect on increasing vascular permeability, and have been attributed 

to a direct, receptor-mediated action, probably involving the kinin, B2  receptor 

(Rajakulasingam et al., 1991; chapter 4). However, the precise mechanism has yet to be 

clarified and in addition, kinins may also have indirect, kinin receptor-independent 

effects. Receptor-independent mechanisms have been proposed for kinins in guinea-pig 

trachea (Mizrahi et al., 1982) and rat peritoneal mast cells (Devillier et al., 1989).

It has previously been shown that the effects of bradykinin in the nasal airway are not 

dependent on prostanoid generation (Churchill et al., 1991), neither are they influenced 

by the selective antimuscarinic agent, ipratropium bromide (Rajakulasingam et a l., 1992). 

However, rodent studies suggest that mast cell degranulation may contribute to the effects 

of bradykinin (Ishizaka et al., 1985) and it has also been shown that analogues of 

bradykinin can act as histamine secretagogues in human skin mast cells (Lawrence et a l., 

1989). In view of these findings and the above mentioned correlation between kinins, 

histamine and PGD 2 , following allergen challenge, the following studies were designed
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to investigate the contribution of histamine to effects of intranasal bradykinin challenge, 

by using selective Hi-antagonists and by measuring histamine release following kinin 

challenge.

6.2 Experimental protocol

6.2.1 Protocol for nasal challenge experiments

For each experiment, subjects were first challenged with vehicle solution, then by active 

posterior rhinomanometry, 3 NAR measurements were taken every 5 minutes over a 

fifteen minute period. This formed the baseline.

In the initial study subjects were given incremental doses of bradykinin, 10 to lOOOjug to 

each nostril at 2 0  minute intervals, both with and without the presence of cetirizine 

(lOmg) or terfenadine (60mg), given orally 3 hours before. In a further study, subjects 

were given lOOjug bradykinin, and 30 minutes later, lOOug of [1-adamantaneacetyl-D- 

Arg°,Hyp^,T h P ,D-Phe^]-bradykinin, 2 minutes prior to a repeat 100/xg dose of 

bradykinin. This, as before, was done both with and without pretreatment with cetirizine 

(lOmg, given 3 hours before). A study using histamine and [1-adamantaneacetyl-D- 

Arg°,Hyp^,ThP'^,D-Phe^]-bradykinin was also done using the same timings.

After each challenge, NAR was measured at 2, 5, 10, 15 and 20 minutes and subjects 

recorded their nasal symptoms on score sheets during each challenge period. A total 

symptom score was obtained from individual symptom ratings as detailed: for nasal 

blockage, O=not blocked, 1=  slightly blocked, 2 = moderately blocked, 3 = severely 

blocked: for rhinorrhoea, 0 = absent, 1  =present, 2 = severe: for sneezing, 0 =no sneezes, 

1 =  < 4  sneezes, 2 =  > 4  sneezes: for pain, 0 = absent, 1=  slight pain, 2 = severe pain: for 

itching, 0 = absent, l=present.

In a second study, subjects were challenged with vehicle (saline) followed by bradykinin, 

100 to 1000/xg to each nostril. Ten minutes later, a nasal lavage was performed and the
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albumin concentration of the nasal lavage was determined. This was repeated in the 

presence of cetirizine, lOmg taken 3 hr before bradykinin challenge.

The histamine concentration of nasal lavage was also determined after bradykinin 

challenge. Subjects were given saline, then 300 or 1000/xg bradykinin and underwent a 

nasal lavage 1 0  minutes after each challenge.

6.2.2 Protocol for histamine release experiments

Histamine release from rat peritoneal mast cells was quantified in response to 10 minute 

incubations with; bradykinin, 10 to 100/xM; [Des-Arg*°]-kallidin, 10 to 100/xM; and 

bradykinin, 10 and 30/iM in the presence of [D-Arg°,Hyp\D-Phe^]-bradykinin (BKAl), 

10 and 30/xM, [1-adamantane acetyl-D-Arg°,Hyp\Thi^ \D-Phe^]-bradykinin (BKA2), 10 

and 30/xM and [D-Arg^Hyp\Thi\D-Tic\Oic^]-bradykinin (BKA3), 10 and 30/xM.

6.2.3 Data analysis

Changes in NAR in response to each substance were expressed as the percentage change 

from the saline baseline values. The response to each substance was quantified for each 

dose as the maximal change in NAR during the post-challenge measurements. Histamine 

release from rat peritoneal mast cells was expressed as a percentage above basal release.

All data was expressed as mean ±  s.e.m. Repeated measures analysis of variance 

(ANOVA) was used statistically to evaluate the responses to incremental doses of 

bradykinin, both in the presence and absence of Hj-receptor antagonists. A probability 

value of p < 0 .0 5  was considered significant. Student’s t-test was used to statistically 

evaluate some of the data where appropriate and as indicated.
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6.3 Results

6.3.1 The effect of Hi- receptor antagonists on the response to nasal bradykinin 

challenge.

Bradykinin, 10 to 1000/Lcg in each nostril produced a dose-related increase in NAR 

(Figure 6.1, repeated measures ANOVA, p= 0 .016 , n = 8 ). The histamine Hi-antagonists, 

cetirizine, lOmg orally (n=5), and terfenadine, 60mg orally (n = 6 ) both inhibited the 

increase in NAR induced by bradykinin (Figure 6.1, repeated mesures ANOVA, p > 0 .0 5  

for both). Over the same dose range, bradykinin also produced a dose-related increase 

in total symptom scores in the subjects (Figure 6.2). Terfenadine, 60mg orally did not 

suppress the total symptom score in response to bradykinin and cetirizine, lOmg orally 

only produced a statistically significant reduction of total symptom score for the highest 

dose of bradykinin (Figure 6.2). Increasing the dose of cetirizine from lOmg to 20mg 

produced no greater effect on NAR (Figure 6.3).

To study the role of histamine on the responses to lower doses of bradykinin, the lower 

region of the dose-response curve was specifically investigated. Figure 6.4 shows that the 

bradykinin-induced increases in NAR, 10 to 100/Lcg in each nostril, (repeated measures 

ANOVA, p =0.003, n= 5) were attenuated by pretreatment with cetirizine, lOmg orally, 

but this did not reach statistical significance. There was a dose-related effect of 

bradykinin remaining (repeated measures ANOVA, p= 0 .035 , n = 6 ).

6.3.2 The effect of a bradykinin antagonist in the presence of an Hj-receptor antagonist 

on the response to nasal bradykinin challenge.

The bradykinin antagonist, [ 1 -adamantaneacetyl-D-Arg^,Hyp^,T h i^ ,D-Phe^]-bradykinin, 

lOO^g given 2 min prior to challenge with bradykinin, lOOjug produced a significant 

inhibition of NAR in response to bradykinin (Figure 6.5; n = 5 ). The antagonist itself 

produced no significant change in NAR. In the presence of cetirizine, the bradykinin 

antagonist produced a further decrease in NAR (Figure 6.5; n = 4 ) and [1-
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adamantaneacetyl-D-Arg®,Hyp^,Thi^^D-Phe^]-bradykinin, lOO^g did not significantly 

antagonize the action of histamine, 200^g on NAR (Figure 6 .6 ; n= 5).

6.3.3 The effect of an Hj-receptor antagonist on bradykinin-induced increases in vascular 

permeability.

Bradykinin 100 to 1000/ig produced a dose-related increase in vascular permeability as 

quantified by albumin release in nasal lavage (n=10; Figure 6.7). Pretreatment with 

cetirizine, lOmg, 3 h prior to bradykinin challenge resulted in a decrease of albumin 

release into nasal lavage. This reached statistical significance at bradykinin, 1000/ig 

(Figure 6.7; n = 8 ; p=0.108).

6.3.4. The effect of bradykinin challenge on the histamine concentration of nasal 

lavage.

Bradykinin, 300^g (n =  15) and 1000/^g (n=32) had no effect on the histamine 

concentration of nasal lavage taken 1 0  minutes following the challenge, as compared with 

the histamine concentration of nasal lavage after saline challenge (n=47) (Table 6.1).

6.3.5. The effect of bradykinin and bradykinin analogues on histamine release from rat 

peritoneal mast cells in vitro.

Incubation of rat peritoneal mast cells with bradykinin, 10 to lOOjuM and [Des-Arg*^- 

kallidin, 10 to lOOfjM resulted in dose-related increases in histamine release (Figure 6 . 8 ; 

n = 5  to 10 experiments for each; repeated measures ANOVA for BK, p <  0.0001 and for 

[Des-Arg^^-KD, p < 0.0001). Bradykinin was approximately 1.6 times more potent, in 

terms of histamine releasing activity, than [Des-Arg^^-kallidin.

The bradykinin antagonists, [D-Arg°,Hyp^,D-Phe^]-bradykinin (BKAl), 10 and 30/xM,
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and [D-Arg°,Hyp^,Thi^,D-Tic^,Oic*]-bradykinin (BKA3), 10 and 30fiM  both caused a 

dose-related histamine release from rat peritoneal mast cells following a 2  minute 

incubation, showing similar potencies (Tables 6.2 and 6.4). However, the bradykinin 

antagonist, [l-adamantaneacetyl-D-Arg°,Hyp^,Thi^ *,D-Phe^]-bradykinin (BKA2) 10 and 

30^M induced relatively less histamine release than the other kinins; bradykinin being 

approximately twice as potent than this compound. In addition, BKA2 was shown to 

antagonize the histamine releasing action of bradykinin (Table 6.3).
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Figure 6 .1

Effect of Hi receptor antagonists on the dose-response curve for bradykinin and increased 

nasal airway resistance (NAR).

O - no pretreatment (n = 8 ); V - subjects pretreated with terfenadine, 60mg, orally 3h 

before bradykinin challenge (n = 6 ); #  - subjects pretreated with cetirizine, lOmg orally, 

3h before bradykinin challenge (n = 6 ). Vertical error bars represent s.e.m. Control 

(vehicle) values for NAR were: bradykinin alone, 0 .320+0.019 Pa.s.cm'^; bradykinin 

with terfenadine, 0.372+0.028 Pa.s.cm bradykinin with cetirizine, 0 .392+ 0.30  

Pa. s. cm
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Dose-response relationship for bradykinin and total symptom scores in the presence and 

absence of H, receptor antagonists.

■  - no pretreatment (n =  8 ); □ -  subjects pretreated with cetirizine, lOmg orally 3h before 

bradykinin challenge (n= 5); Q - subjects pretreated with terfenadine, 60mg orally 3h 

before bradykinin challenge ( n = 6 ). ^-significant difference (p < 0 .0 5 ).
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Figure 6.3

Dose-response curve for bradykinin and nasal airway resistance (NAR) at lower effective 

bradykinin concentrations in the presence of cetirizine, 2 0 mg.

O - no pretreatment (n=5); #  - subjects pretreated with cetirizine, 2 0 mg orally, 3h 

before -bradykinin (n=5). Vertical error bars represent the s.e.m. Control (vehicle) 

values of NAR were: bradykinin alone, 0 .324±0.017 Pa.s.cm'^; bradykinin with 

cetirizine, 0 .399+0.016 Pa.s.cm
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Dose-response curve for bradykinin and increase in NAR at the lower effective 

bradykinin concentrations.

O - no pretreatment , n = 5 ; # -  pretreatment with cetirizine, lOmg, orally 3h before 

bradykinin challenge, n = 6 ). Vertical error bars represent the s.e.m . Control (vehicle) 

values of NAR were: bradykinin alone, 0.298+0.014 Pa.s.cm'^; bradykinin with 

cetirizine, 0.360±0.021 Pa.s.cm'^.
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Figure 6.5

Effect of bradykinin, lOOgg on NAR in the presence of cetirizine (C), lOmg and in the 

presence of [1-adamantane acetyl-D-Arg®,Hyp^,Thi^’®,D-Phe^]-bradykinin (BKA2), lOOpg 

plus cetirizine, lOmg.

□ - bradykinin alone, lOOpg; S3- bradykinin, lOOpg and cetirizine, lOmg; 0-bradykinin, 

lOOpg plus BKA2, lOOpg and cetirizine., lOmg. Vertical error bars represent the s.e.m. 

Control (vehicle) values of NAR were: bradykinin alone, 0.326 ± 0.021 Pa.s.cm^; 

bradykinin with cetirizine, 0.289 ±0.015 Pa.s.cm ^  bradykinin with cetirizine and BKA2, 

0.361 ±0.022 Pa.s.cm \
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Figure 6 . 6

Effect of [1-adamantane acetyI-D-Arg®,Hyp^»ThF®,D-Phe^]-bradykinin (BKA2) on 

histamine-induced increases in NAR.

□ -  histamine, 200^g; S -  histamine, 200pcg with pretreatment with BKA2, lOO^g. The 

bars represent the means of 4 experiments. Vertical lines represent the s.e.m . The control 

(vehicle) values of NAR were 0.388 ±  0.04 Pa.s.cm  ̂ for histamine and 0.403 ±  0.09 

Pa.s.cm  ̂ for histamine in the presence of the antagonist, BKA2.
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Figure 6.7

Dose-response curve for bradykinin and albumin concentration of nasal lavage.

O - no pretreatment (n =  10); #  - subjects pretreated with cetirizine, lOmg orally, 3h 

before bradykinin challenge (n = 8 ). Vertical error bars represent s.e.m . *-significant 

difference (p< 0 .05 ).
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Figure 6 . 8

Dose-response curves for kinin-induced histamine release from rat peritoneal mast cells 

in vitro.

O - bradykinin; #  - [Des-Arg^°]-kallidin. n = 5  to 10. The data have been corrected by 

subtracting the histamine release from untreated cells which had a mean value o f 6 . 1 % 

for bradykinin and 4.8% for [Des-Arg‘°]-kallidin.
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Challenge agent Saline Bradykinin, Bradykinin,

(n=47) 300/xg (n =  15) lOOOjug (n=32)

Histamine (nM) 50.8 ±  8.0 58.9 ±  15.4 43.0 ±  9.4

Mean ±  S.E.M .

Table 6 .1

Effect of bradykinin on histamine concentration of nasal lavage

135



Bradykinin (pM) Antagonist (/xM) 

(BKAl)

Histamine release 

(% of total) Mean ±  

s.e.m .

1 0 2.9 ±  1.1

30 - 30.0 ±  6.7

- 1 0 10.0 ±  5.2

30 31.1 ±  4.7

Table 6.2

The effect of the bradykinin antagonist, [D-Arg°,Hyp^,D-Phe^]-bradykinin (BKAl) on 

bradykinin-induced histamine release from rat peritoneal mast cells in vitro.

The cells were preincubated for 2 min. at 37°C with the antagonist before challenge with 

bradykinin. The data are from 5 separate experiments each performed in duplicate. The 

data have been corrected by subtracting the histamine release from untreated cells which 

had a mean value of 5.0 +  2.3% of total.
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Bradykinin (fiM) Antagonist (/xM) 

(BKA2)

Histamine release 

(% of total) 

Mean ±  s.e.m .

1 0 10.0 ±  3.4

30 - 40.4 +  2.6

- 1 0 2.4 ±  1.9

- 30 14.3 ±  6.1

1 0 1 0 2.4 ±  1.8

30 1 0 1 . 8  ±  1 . 2

1 0 30 12.1 ±  5.8

30 30 7.4 ±  5.8

Table 6.3

The effect of the bradykinin antagonist, [1-adamantane acetyl-D-Arg°,Hyp^,Thi^’*,D- 

Phe^]-bradykinin (BKA2), on bradykinin-induced histamine release from rat peritoneal 

mast cells in vitro.

The cells were preincubated for 2 min. at 37®C with the antagonist before challenge with 

bradykinin. The data are from 4 separate experiments each performed in duplicate. The 

data have been corrected by subtracting the histamine release from untreated cells which 

had a mean value of 7.0 +  2.7% of total.
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Bradykinin (^M) Antagonist (/liM) 

(BKA3)

Histamine release 

(% of total) 

Mean ±  s.e.m .

1 0 7.5 ±  6.2

30 - 25.3 ±  6.0

- 1 0 7.4 ±  3.9

- 30 21.9 ±  6.2

1 0 1 0 19.0 ±  8.2

30 1 0 32.8 ±  8.0

1 0 30 24.1 ±  8.2

30 30 37.8 ±  7.5

Table 6.4

The effect of the bradykinin antagonist, [D-Arg°,Hyp^,Thi^D-Tic^,Oic*]-bradykinin 

(BKA3) on bradykinin-induced histamine release from rat peritoneal mast cells in vitro.

The cells were preincubated for 2 min. at 37°C with the antagonist before challenge with 

bradykinin. The data are from 5 separate experiments each performed in duplicate. The 

data have been corrected by subtracting the histamine release from untreated cells which 

had a mean value of 9.1 +  2.3% of total.
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6.4 Discussion

The results described in this chapter show that intranasally administered bradykinin 

induces a dose-related increase in NAR and an increase in symptoms associated with 

nasal inflammation which can be partially inhibited by two chemically dissimilar Hj- 

receptor antagonists at normal therapeutic doses. This suggests that in the human nasal 

airway, bradykinin releases histamine from nasal mast cells or basophils. It is well 

established that histamine increases NAR by an action on Hi receptors in the nasal airway 

(Britton et al., 1978) and that this can be blocked by various H;-receptor antagonists, 

including astemizole (Horak et al., 1993) and cetirizine (Braunstein et al., 1992; chapter 

3). In this study, the fact that two chemically different histamine antagonists produced the 

same effect makes a non-specific effect of the drugs unlikely, particularly since cetirizine 

is a highly selective Hj-receptor antagonist (Snyder & Snowman, 1987). The ability of 

bradykinin to cause histamine release has been studied in various animal models of 

inflammation and by measuring histamine release in response to bradykinin, from mast 

cells in vitro. It has been shown that bradykinin-induced paw oedema in the mouse is 

completely inhibited by the H,-antagonist, mepyramine (Wiseman et al., 1994), although 

this is not so in the rat or guinea-pig (J. Wiseman, Glaxo Group Research Ltd., Ware- 

personal communication), and that antihistamines decrease bradykinin-evoked vascular 

permeability in rabbit skin (Marceau et al., 1981b). In experiments where histamine 

release is measured from mast cells, bradykinin causes histamine release from rat 

peritoneal and mouse mast cells in vitro (Johnson & Erdos, 1973; Ishizaka et a l., 1985) 

but does not activate human basophils or human lung mast cells in vitro (Lawrence et a l., 

1989). However, more recently it has been shown that the cutaneous vasodilatory effect 

induced by intradermal bradykinin in human skin, is in part, due to Hj-mediated 

histamine release (Li Kam Wa et al., 1992). Therefore, it seems that bradykinin may 

have a differential effect in causing histamine release, depending on the species and tissue 

in question. Such heterogeneity of mast cell responses is well established (Barrett & 

Pearce, 1993).

A previous study which investigated the involvement of histamine in bradykinin-induced 

effects in the human nasal airway, described how terfenadine had no effect on bradykinin-
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induced increases in NAR (Rajakulasingam et al., 1992a). This contradicts the present 

findings in terms o f NAR measurements. However, bradykinin was shown in the present 

studies to have no effect on histamine release into nasal lavage. This might suggest that 

bradykinin does not cause mast cell degranulation, consistent with the work of 

Rajakulasingam et at., (1992a). The discrepancy between the effect of Hj receptor 

blockade and measurements of NAR and the measurements of histamine release into nasal 

lavage described in this chapter, could occur for several reasons. It could be explained 

by a non-specific effect of the H,-antagonists. Although this is highly unlikely because 

two different drugs have the same effect, it cannot be excluded, because it is impossible 

to be sure that cetirizine and terfenadine are only blocking histamine action. 

Alternatively, it could be that bradykinin does in fact activate nasal mast cells in the nasal 

tissue and produce histamine-mediated effects, but that the histamine released is cleared 

into venous circulation and does not enter nasal cavity, so therefore is not detected in 

nasal washings. Furthermore, there may have been problems with the method used to 

measure histamine, either at the level of nasal lavage collection or the actual assay. It 

may be possible that a factor was present in the nasal lavage which interfers with the 

subsequent analysis of histamine. Several prewashes were undertaken to eliminate pre­

existing histamine from the nasal cavity. Naclerio and co-workers have previously 

commented on the need for extensive prewashing of the nasal mucosa to reduce the 

baseline levels of lavage histamine to zero (Naclerio et al., 1983a; 1983b). However, it 

is unclear as to whether the histamine detected after saline challenge was saline-induced 

or whether there is continuous release of histamine into the nasal cavity. Despite this, if 

bradykinin does release histamine into the nasal cavity, then one would expect this to still 

be detectable above whatever baseline is present. With regard to the assay, a reading was 

obtained from every sample measured and the duplicates were similar.

In an attempt to study bradykinin-induced histamine release further, experiments were 

performed using rat peritoneal mast cells. Ideally histamine release in response to 

incubation with bradykinin would be measured in human nasal mast cells, however, this 

was not possible since no human nasal tissue was available. It was decided to use rat 

peritoneal mast cells for these experiments since they have been shown to be a reasonable 

model to investigate peptide-induced histamine from human skin mast cells (Fewtrell et
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al., 1982; Foreman et al., 1982; Benyon et al., 1987). It was found that bradykinin did 

indeed cause a dose-dependent histamine release from these cells, consistent with 

previous findings (Devillier et al., 1988), as did two of the bradykinin antagonists 

employed.

Histamine release induced by bradykinin was first attributed to a receptor (Johnson & 

Erdos, 1973), which was thought to be of the B2 type (Devillier et al., 1985). However 

when it was discovered that two bradykinin analogues which are 3% antagonists, also 

induced histamine release (Devillier et al., 1988), the hypothesis was challenged. It was 

shown however, that the order of potency of bradykinin and bradykinin analogues in the 

induction of histamine release from mast cells is related to the number of positively 

charged amino acid resiues (Devillier et al., 1985; 1988). This is illustrated by the results 

presented here. Bradykinin, with an arginine residue at both the N- and C-termini 

releases histamine, with similar potency to the B2 antagonists, [D-Arg°,Hyp^,D-Phe^]- 

bradykinin (BKAl) and [D-Arg°,Hyp^,ThF,D-Tic^,Oic*]-bradykinin (BKA3), both of 

which have substituted arginine residues. However, acétylation o f the N-terminal in the 

synthesis of [ 1 -adamantaneacetyl-D-Arg°,Hyp^,ThF'^,D-Phe^]-bradykinin(BKA2), results 

in a decrease of histamine-releasing activity. In the experiments described here, two of 

the antagonists studied, BKAl and BKA3, have been shown to induce histamine release 

from rat peritoneal mast cells in vitro, but one of these (BKA3) is effective in blocking 

the bradykinin-induced increase in NAR. Therefore, if rat peritoneal mast cells are a 

model for kinin effects in nasal mast cells, then this implies that histamine release is not 

important with respect to the effect of the antagonists on bradykinin-induced increases in 

NAR. This point can really only be answered by performing similar histamine release 

experiments with human nasal mast cells.

The mechanism by which kinins release histamine from mast cells is actively being 

investigated. It is not kinin receptor-mediated since kinin antagonists do not inhibit 

histamine release, therefore the possibility of a kinin receptor-independent mechanism has 

been investigated. It appears that histamine release from mast cells is pertussis toxin 

senstive and consequently, the secretory activity of kinins on rat peritoneal mast cells has 

been attributed to the direct activation of G-proteins (Bueb et al., 1990a). This proposed
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mechanism is similar to that described for the wasp venom toxin, mastoparan and 

substance P (Mousli et al., 1989). Bueb et al., (1990b) have also shown that bradykinin 

and various analogues activate the GTPase activity of G-proteins purified from calf brain, 

with an order of potency corresponding to that observed on mast cell histamine release. 

Thus the direct activation of G proteins may be a receptor independent mechanism of 

mast cell activation by kinins.

Mast cells clearly belong to an heterogenous population, differing between species, and 

between organs within the same species. Kinin analogues are known to have differential 

histamine releasing effects between human cells, as illustrated by kinins causing histamine 

release from skin but not lung mast cells (Lawrence et al., 1989). One study with human 

skin mast cells even reports individual heterogeneity o f activation within a single 

population of cells from one donor (Cohan et al., 1991). The use of rat peritoneal mast 

cells in the studies described above was the best model for mast cells in the human nasal 

airway available at the time and the results together with the in vivo results using Hj 

antagonists provide some evidence for the effects of bradykinin in the nose being 

mediated, in part, by histamine. If this is so, then bradykinin may induce effects in the 

human nasal airway by both a direct receptor-mediated effect on the nasal vasculature and 

a receptor-independent effect on nasal mast cells.

142



SUMMARY

#  The aim of this study was to investigate the contribution of histamine to the effects 

o f bradykinin in the human nasal airway.

#  Bradykinin-induced increases in NAR were attenuated by two chemically different 

Hi receptor antagonists, cetirizine and terfenadine, at normal therapeutic doses.

#  In the presence of ceterizine, the bradykinin antagonist, [1-adamantane acetyl-D- 

Arg°,Hyp^,Thi^’®,D-Phe^]-bradykinin (BKA2), produced a further inhibition of the 

bradykinin-induced incease in NAR. The antagonist did not antagonize the action 

of histamine, 200/ig on NAR.

#  Bradykinin-induced increases in nasal vascular permeability, as quantified by 

albumin release in nasal lavage, were also attenuated by cetirizine, reaching 

statistical significance at bradykinin, lOOO/^g..

#  Bradykinin 300/xg and 1000/xg had no effect on the histamine concentration of 

nasal lavage taken 1 0  minutes after challenge.

#  Bradykinin and [Des-Arg^°]-kallidin, lO-lOO^M caused dose-related increases in 

histamine release from rat peritoneal mast cells in vitro.

#  The bradykinin antagonists, [D-Arg°,Hyp^,D-Phe^]-bradykinin (BKAl) and [D- 

Arg°, Hyp^,Thi^,D-Tic^, Oic^]-bradykinin (BKA3) both caused histamine release 

from rat peritoneal mast cells.

#  The bradykinin antagonist, [1-adamantane acetyl-D-Arg°,Hyp^,Thi^*,D-Phe^]- 

bradykinin (BKA2), induced less histamine release from rat peritoneal mast cells 

relative to the other kinins, and also antagonized the histamine releasing action of 

bradykinin itself.
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CHAPTER 7
The effect of platelet-activating factor on the 

responsiveness of the nasal airway in normal subjects

7.1 Introduction

Platelet-activating factor (FAF) is an extremely potent, endogenously produced 

phospholipid, which has been implicated in the pathogenesis of allergic airway disease. 

The biological activities of PAP, including its ability to increase vascular permeability, 

act as a potent chemoattractant for neutrophils and eosinophils, induce superoxide anion 

production and leukotriene synthesis (O'Flaherty et al., 1983), suggest that it may be 

involved in the pathological events underlying asthma and rhinitis (see section 1.4.2). 

Furthermore, inhaled PAF has been shown to cause immediate bronchoconstriction in the 

lower airways (Chung et al., 1986; Cuss et al., 1986) as well as inducing a non-specific 

bronchial hyperresponsiveness in several species including guinea-pigs (Robertson et a l., 

1988), dogs (Chung et al., 1986), monkeys (Patterson et al., 1984) and man (Cuss et al., 

1986). Such hyperresponsiveness is a characteristic feature of both asthma (Boushey et 

al., 1980) and allergic rhinitis (Andersson et al., 1987) and is one criterion for the 

diagnosis of these conditions.

Lyso-PAF and PAF are released in nasal secretions after local antigen stimulation in 

patients with hayfever (Miadonna et a l., 1989) thus indicating activation of the metabolic 

pathway leading to PAF generation. The authors found this was restricted to atopic 

patients, since no local mediator release was detected in the control group. Further 

evidence that PAF is a mediator of nasal hyperresponsiveness would depend, in part, on 

whether PAF applied to the normal nasal airway can mimic the hyperresponsiveness seen 

in allergic rhinitis. Such evidence exists for the lower airways (Cuss et al., 1986). 

However, evidence implicating PAF as an important mediator in allergic rhinitis is not 

solely based on experimental models and studies with asthmatic patients.
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The mechanism of PAF-induced hyperresponsiveness in the lower airway is not known. 

Many investigators have suggested that hyperrresponsiveness is a result of airway 

inflammation, but this is not entirely satisfactory, since asthmatic airways can remain 

hyperresponsive for years, in the absence of symptoms and mucosal inflammation 

(Townley et al., 1975). However, one of the attractions of this hypothesis is that the 

inflammatory reaction has associated with it an influx of eosinophils which release 

cytotoxic proteins, such as eosinophil cationic protein and eosinophil peroxidase (Frigas 

& Gleich, 1986). These proteins are known to damage airway epithelium, thereby both 

increasing the accessibility for stimuli to the underlying structures in the nasal mucosa, 

and causing the epithelial desquamation characteristic of asthma airways (Holtzman et 

a l ,  1983).

Eosinophils have been shown to generate oxygen metabolites (De Chatelet et al., 1977), 

which together with the enzyme, eosinophil peroxidase and halide ions can form a potent 

cytotoxic system, which has been shown to have an injurious effect on human nasal 

epithelium in vitro (Ayars et al., 1989). Furthermore, eosinophils from patients with 

allergic rhinitis appear to be "primed" and produce more oxygen metabolites, as 

measured by luminol chemiluminescence, in response to PAF than corresponding control 

groups (Shult et al., 1986).

However, the situation regarding the mechanism of PAF-induced hyperresponsiveness is 

further questioned in the light of recent experiments showing that this occurs in vitro, 

predominantly in the absence of circulating inflammatory cells (Webber et al., 1992). 

This hyperresponsiveness was suggested to be produced by the PAF receptor-mediated 

release of oxygen free radicals.

The following study was designed firstly, to determine whether PAF might be a potential 

mediator of hyperresponsiveness in the upper airway, by characterising the effects of 

intranasal PAF on the responsiveness of the human nasal airway in normal subjects; and 

secondly, to examine the possible contribution of oxygen free radicals in the PAF-induced 

events, by employing vitamin E as an oxygen free radical scavenger.
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7.2 Experimental protocol

In each experiment, subjects were first given an intranasal aerosol of saline, then three 

measurements, each of four nasal cycles, were taken every 5 minutes by active posterior 

rhinomanometry (NAR) over a 15 minute period to provide the baseline (see section 

2.2.2). To begin with, subjects were challenged with either four doses of histamine (50, 

100, 200 and 400 fig) or bradykinin, 100 /xg to each nostril. This dose of bradykinin had 

previously been shown to produce a significant decrease in nasal airway conductance 

(Proud et al., 1988). After each dose, NAR was measured at 2, 5, 10, 15 and 20 min. 

Subjects were then treated with vehicle or PAF, 30^g or 60fig to each nostril and 

subsequent histamine or bradykinin challenges were performed at 2, 6 , 24, 48 h and 7 

days later. Subjects were allocated to PAF or vehicle treatment groups on a randomised 

basis. As part of a cross-over design, at least one week later, subjects were given vehicle 

or PAF; vehicle if they had previously had PAF and PAF if they previously had vehicle. 

Histamine or bradykinin challenges were performed again at 2, 6 , 24, 48 h and 7 d after 

vehicle or PAF administration. In addition, subjects underwent a nasal lavage on each 

challenge occasion.

Another group of subjects were given lyso-PAF, 60fig to each nostril. A histamine 

challenge, lOOfig was performed 6 h later and NAR was measured as before over the 20 

minutes post-challenge. Subjects also received identical histamine challenges with vehicle 

pretreatment. The challenges were separated by at least one week and allocation of 

subjects to a particular treatment was randomised.

In the study with vitamin B, 5 subjects received orally, vitamin E, 400 U daily for 14 

days. A blood sample was taken from each subject immediately prior to starting the 

vitamin E treatment, and another sample was taken on day 14. At this time, subjects were 

treated with PAF, 60 fig to each nostril, as before, and histamine challenges (200fig) 

were performed at 2, 6  and 24 h after PAF pretreatment. Nasal lavages were also 

performed on these occasions, following NAR measurements.
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7.3 Results

7.3.1 Characterisation of the nasal hyperresponsiveness induced by PAF

Inhalation of PAF alone caused no significant changes in NAR in any of the subjects. 

Similarly, no response was obtained following vehicle administration. All subjects 

sneezed and experienced nasal itching and nasal blockage after histamine challenge. 

However, histamine challenge before PAF (Oh) and at 2, 6  and 24 h following PAF 

administration resulted in increases in NAR above baseline (saline control) of 79%, 

162%, 215%, and 148% respectively, whereas responses to histamine with vehicle 

pretreatment were 79%, 89%, 74% and 91% respectively (n=5) (Figure 7.1). The 

maximum hyperresponsiveness induced by PAF was observed at 6 h, when the percentage 

increase in NAR following histamine challenge was significantly larger than that obtained 

with vehicle administration (P < 0 .0 5 , paired t-test between PAF and vehicle treatment) 

(Figure 7.1). Figure 7.2 shows the hyperresponsiveness to histamine at 6 h over a dose 

range from 50 to 400^g, where the response appears to approach maximum.

Subjects challenged with bradykinin experienced nasal blockage (Figure 7.3) without 

other symptoms and this too was augmented following PAF treatment. Bradykinin- 

induced increases in NAR above baseline (saline) prior to PAF administration and at 2, 

6  and 24 h after PAF were 27%, 32%, 92% and 28% respectively (n=5), as compared 

with increases of 27%, 30%, 38% and 31% when subjects received vehicle (Figure 7.3). 

There was no difference in the duration of the hyperresponsiveness induced by PAF 

between subjects challenged with histamine and those challenged with bradykinin (Figure 

7.4).

Experiments designed to investigate the persistance of the hyperresponsiveness provided 

evidence of slight increased responsiveness to histamine remaining at 24h post-PAF, 

although this was not statistically significant. Nasal blockage following histamine 

challenge at 48 h and 7 days after PAF treatment was not significantly different from that 

when vehicle was administered (Student’s t-test, P > 0 .0 5 ) (Figure 7.5).
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The PAF-induced effect appears to be a dose-related phenomenon (Figure 7.6). A dose 

of 30 PAF shifted the dose-response curve to histamine to the left but the 60 fig dose 

produced a steeper dose-response curve which reached a maximum at a dose of histamine 

of 400 fig.

7.3.2. Effect o f lyso-PAF on nasal responsiveness

Treatment of subjects with lyso-PAF, 60/xg had no effect on nasal responsiveness to 

histamine, 200/xg 6 h after lyso-PAF. The response to histamine at this time was not 

significantly different from the response obtained following vehicle pretreatment. (n= 5) 

( Figure 7.7 ).

7.3.3 Effect of PAF on eosinophil cationic protein concentration of nasal lavage fluid

The ECP concentrations in nasal lavage after PAF administration were significantly 

increased at 2h and 6 h when compared with the ECP concentrations in the nasal lavage 

prior to PAF administration. The maximal increase in ECP concentration of the nasal 

lavage fluid, which occured at 6  h after PAF administration, was 8.3 ^g\'^ compared with 

2.9 ^gl * before PAF treatment (P < 0 .05) (Figure 7.8).

7.3.4. Effect of vitamin E on PAF-induced nascil hyperresponsiveness

To study the effect of vitamin E on the PAF-induced hyperresponsiveness, subjects were 

pretreated with vitamin E 400 U for 14 d. In all subjects, serum levels increased 

significantly from a mean of 13.2 4: 1.02 mgl'^ to a mean of 18.2 4: 1.44 mgl'^ (table 

7.1): a mean increase of 37.4 ±  5.2% (P < 0 .01 ). On day 14, the PAF-induced 

hyperresponiveness to histamine was inhibited (Figure 7.9), and there was also a 

corresponding reduction in ECP levels of nasal lavage fluid from 8.3 ^gl * without 

vitamin E pretreatment, to 5.3 ^gl'^ after vitamin E but this was only significant at the 

6 h time point (Figure 7.8).
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Vitamin E mgl * 

day 0

Vitamin E m g!‘ 

day 14

Subject 1 1 0 . 0 14.6

Subject 2 16.0 21.4

Subject 3 1 2 . 1 16.1

Subject 4 14.3 21.7

Subject 5 13.8 16.8

Mean ±  s.e.m. 13.2 ±  1.02 18.2 ±  1.44

Table 7.1

Serum levels of vitamin E in 5 subjects before and after treatment with vitamin E, 400 

U orally, daily for 14d.
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Figure 7.1

Time course for PAF-induced hyperresponsiveness to histamine.

Responses to histamine, 200/ig expressed as maximal percentage increase in nasal airway 

resistance (NAR) above baseline in post-challenge period, before PAF (Oh) and at 2, 6  

and 24h following vehicle or treatment with PAF (60^g). (O ) vehicle pretreatment; ( # )  

PAF pretreatment. The baseline (saline) NAR was 0.317 ±  0.016 Pa.s.cm'^. The data 

are the mean ±  s.e.m  from 5 separate experiments. * Significant difference (P < 0 .05 ) 

by paired t-test between PAF and vehicle pretreatment.
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Figure 7.2

Dose-response curve for histamine and increased nasal airway resistance (NAR) 6 h after 

PAF pretreatment.

Changes in NAR are expressed as a percentage of the baseline (saline) value which was 

0.381 i l  0.021 Pa.s.cm  ^ (O ) - vehicle pretreatment; ( # )  - PAF, 60 ng pretreatment. 

The data are the means ±  s.e.m  from 5 separate experiments. * Significant difference 

(P < 0 .05 ) by paired t-test between PAF and vehicle administration.
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Figure 7.3

Time (h) of challenge after PAF

Time course for PAF-induced hyperresponsiveness to bradykinin.

Responses to bradykinin, 100 /xg, expressed as maximal percentage increase in nasal 

airway resistance (NAR) above baseline (saline) in post-challenge period, before PAF 

(Oh) and at 2, 6  and 24 h following vehicle or PAF pretreatment, (v) - Vehicle 

pretreatment; ( # )  - treatment with PAF, 60pg. The baseline NAR was 0.343 jF 0.013 

P a .s .c m T h e  data are the means ±  s.e.m from 5 separate experiments. * Significant 

difference (P < 0 .05) between vehicle and PAF administration.
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Figure 7.4

Time course for effect of PAF on duration of responses to histamine and bradykinin.

Total duration of response to histamine, 200 jug ( # )  and bradykinin, lOO^g (O ), before 

PAF (Oh) and at 2, 6  and 24 h after administration of PAF, 60/xg. The data are the means 

±  s.e.m from 5 separate experiments.
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Figure 7.5

Histamine (y^g)

Dose-response curve for histamine and increased nasal airway resistance (NAR) before 

PAF (Oh) and at 24h, 48h and 7 d after PAF, 30/xg.

Changes in NAR are expressed as a percentage of the baseline (saline) value which was 

0.339 ±_ 0.016 Pa.s.cm (O ) - before PAF (0 h); ( # )  - 24 h after PAF; (v) - 48 h after 

PAF; (▼) - 7 d after PAF. The data are the means from 6  separate experiments and bars 

representing the s.e.m. have been omitted for clarity.
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400

Dose-response curve for histamine and increased nasal airway resistance (NAR) at 24 h 

after PAF pretreatment.

Responses represented as maximal percentage change in NAR from the baseline (saline) 

of 0.301 ±_ 0.014 Pa.s.cm \  (O ) - Control; ( # )  - PAF, 30 fxg; (v) - PAF, 60 fig. The 

data are the means ±  s.e.m from 6  separate experiments.
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Figure 7.7

Effect of lyso-PAF on nasal responsiveness to histamine.

Changes in NAR to histamine challenge, 200/xg 6 h following administration of vehicle 

( □ )  or lyso-PAF, 60/xg (■ ) .  All data expressed as percentage of baseline (saline) value 

which was 0.315 ±  0.015 Pa.s.cm'^. The bars represent the mean from 5 seperate 

experiments. Vertical error bars represent s.e.m .
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Figure 7.8

The effect o f PAF administration on eosinophil cationic protein (EC?) concentration t)f 

nasal lavage fluid.

EC ? concentration expressed as fjLgl'̂  of nasal lavage taken before PAF (Oh) and at 2, 6  

and 24 h after administration. ( # ) -  PAF, 60 /xg; (v) - PAF 60 /xg and vitamin E 

treatment. The data are the means ±  s.e.m from 3 separate experiments. * Significant 

change in ECP concentration compared with that before PAF administration (Oh). +  

Significant difference in ECP concentration between the untreated subjects and tho^e 

treated with vitamin E.
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Figure 7.9

Time (h) of challenge after PAF

The effect of vitamin E pretreatment on the time course for PAF-induced 

hyperresponsiveness to histamine.

Responses to histamine, 200 /xg, before PAF (Oh) and at 2, 6  and 24 h after PAF, 60 /xg 

administration, expressed as the maximal percentage increase in nasal airway resistance 

(NAR) above baseline (saline) during period after challenge with histamine. (O ) - 

Control group; ( # )  - vitamin E pretreated group. The baseline NAR was 0.295 ±_ 0.022 

Pa.s.cm'^. The data are the means ±  s.e.m  from 5 separate experiments. Significant 

differences (* P < 0 .0 5  and ** P < 0 .0 1 ) between no treatment and vitamin E treatment.
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7.4 Discussion

The experiments described above have demonstrated a non-specific increase in 

responsiveness induced by PAF in the human nasal airway. Control experiments have 

indicated that this effect is only induced by PAF, since both vehicle (scdine) and lyso- 

PAF, both the precursor and metabolite of PAF (see section 1.5.2) had no effect on nasal 

responsiveness. This eliminates the possibility of the hyperresponsiveness being an effect 

secondary to the surfactant activity of the lipid. The PAF-induced hyperresponsiveness 

is non-specific in nature, as demonstrated by the increase in responses to both histamine 

and bradykinin following PAF administration. Hyperresponsiveness was present between 

2 and 24h after PAF administration and was maximal at 6 h. The dose of PAF was chosen 

from pilot experiments conducted prior to this study and also on the basis of studies by 

Andersson & Pipkom (1988), who observed a small change in the nasal response to 

allergen challenge following a dose of 26^g PAF. The effects of the doses we have 

studied in the nasal airway are consistent with effects of PAF on the lower airway in 

humans (Cuss et al., 1986), primates (Patterson et al., 1984), dogs (Chung et al., 1986) 

and guinea pigs (Chapman et al., 1991).

The precise mechanism of PAF-induced airway hyperresponsiveness remains to be 

elucidated, although a variety of mechanisms have been suggested. The PAF-induced 

hyperresponsiveness has been shown to be dependent on platelet activation (Chapman et 

al., 1985; Coyle et al., 1990), and is thought to be linked to mediator release from 

inflammatory cells, particularly eosinophils (Frigas & Gleich, 1986; Sanjar et al., 1990). 

So in addition to measuring nasal airway resistance, the possibility of eosinophil 

activation was also investigated.

The results show increases in ECP levels of nasal lavage fluid which have a similar time 

course to the PAF-induced hyperresponsiveness. This suggests that activation of 

eosinophils with subsequent release of ECP may contribute to the development of 

hyperresponsiveness. Indeed, the interest in examining eosinophil activation in these 

experiments initially arose from suggestions that airway hyperresponsiveness may, at least 

in part, be due to a change in the barrier function of the epithelium (Hogg, 1981), which
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may be brought about by the release of cytotoxic constituents of eosinophils which in turn 

damage the airway epithelium.

However, examining the induction of hyperresponsiveness and ECP levels also addresses 

the controversy over whether hyperresponsiveness is independent of eosinophil activation, 

or whether there is a causal relationship between them. There is certainly abundant 

circumstantial evidence associating hyperresponsiveness with inflammatory cell 

recruitment and activation. This is largely derived from collecting inflammatory cells 

from airways, either via biopsy samples or as constituents of lavage fluid from patients 

with asthma. Despite this, more recent evidence from experimental models of the lower 

airways (Chapman et al., 1991; Spina et al., 1991; Herd et al., 1992; Sasaki et al., 

1993) indicates that hyperresponsiveness and inflammation/eosinophilia may not be 

sequential events. These studies show pulmonary eosinophilia without attendant 

hyperresponsiveness and vice versa. Clinical studies with asthmatic patients provide 

further evidence for this (Lundgren et al., 1988; Gibson et al., 1989). In the human 

nasal airway, ECP levels in nasal secretions have been linked with allergen-induced nasal 

hyperresponsiveness (Linder et al., 1987). However, others (Andersson et al., 1989) 

found a wide variety o f ECP levels with no clearcut relationship with the induction of 

hyperresponsiveness. Moreover, Klementsson et al. (1991) found that eosinophil counts 

and ECP levels did increase after the nasal allergic reaction, but this occured after 

hyperresponiveness was observed. It seems, therfore, that it is unlikely that eosinophil 

recruitment and activation is solely responsible for nasal hyperresponsiveness, although 

it might play a role at some stage in the chain of events.

Other hypotheses have been investigated, including the possibility of hyperresponsiveness 

being due to a change in the density or function of specific receptors in the airway, such 

as histamine or muscarinic receptors (Robertson et al., 1988). However, this was found 

not to be the case, although receptor densities have not been examined in the nose. 

Therefore, the recent evidence that PAF-induced hyperresponsiveness occurs in vitro, 

largely in the absence of inflammatory cells, is intriguing. This is not affected by 

indomethacin, FPL55712 or mepyramine and cimetidine, but is prevented by catalase, 

superoxide dismutase (SOD) and WEB2086 (Webber et al., 1992). It has been suggested

160



that a receptor-mediated release of oxygen free radicals may be responsible for this 

effect, since SOD destroys O2 .

Oxygen free radicals have been implicated in other pathological conditions, as 

demonstrated by the protective effect of SOD (Rubanyi & Vanhoutte, 1986). In the 

airway, several reports suggest that oxygen free radicals may be linked to the 

development of non-specific airway hyperresponsiveness: ozone inhalation can induce 

hyperresponsiveness in animals (Murlas & Roum, 1985) and man (Seltzer et aL, 1986); 

inhalation of xanthine and xanthine oxidase (an oxygen free radical generating system) 

has been reported to induce airway hyperresponsiveness in anaesthetised cats (Katsumata 

et a l ,  1990); hydrogen peroxide can induce potentiation of contractile responses in 

isolated rat airway which can be inhibited by catalase (Szarek & Schmidt 1990), and 

xanthine oxidase activation is associated with respiratory viral infection (Akaike et a l , 

1990). In addition, ascorbic acid reduces methacholine-induced bronchoconstriction in 

hyperresponsive asthmatic subjects (Mohsenin et a l ,  1983).

In this study, the role of free radicals in PAF-induced hyperresponsiveness in the nasal 

airway was examined using vitamin E as a free radical scavenger. Treatment with vitamin 

E inhibits the PAF-induced increase in responsiveness to histamine and also the increase 

in ECP in the nasal lavage. The dose of vitamin E used has previously been shown to 

produce a maximum increase in serum levels (Szczekilk, 1987). Vitamin E is a well- 

documented, effective antioxidant; protecting unsaturated lipids against peroxidation and 

free radical formation. There is evidence that vitamin E has a similar protective effect 

in tissues (McCay et a l ,  1972). It acts by reacting with and stabilizing free radicals to 

prevent the chain of events by which they lead to cell damage (Fragata & Bellemare, 

1980). Assuming that the levels of vitamin E produced in the subjects are blocking only 

free radical formation, then these data suggest that PAF-induced free radical formation 

is responsible for both hyperresponsiveness and eosinophil activation.

Therefore, these results support the hypothesis that hyperresponsiveness may be an event 

which is parallel to eosinophil activation. If this true, then it does not exclude the idea 

that the integrity of the epithelium is important in determining the extent of
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hyperresponsiveness. Epithelial shedding in asthmatic airways or epithelial damage in the 

nose could easily be responsible for hyperresponiveness. This hypothesis is somewhat 

attractive if one considers that it could be free radical species that initiate the epithelial 

damage, and because hyperresponsiveness is only apparent in tissue where the epithelium 

was originally intact (Flavahan et aL, 1988). Therefore, one hypothesis could be that 

PAF induces oxygen free radical formation via a receptor mediated mechanism and that 

these species cause detrimental changes in the epithelial layer. The source of the free 

radicals may be the epithelium itself (Webber er û/., 1992). 7/z v/vo, production of 

oxygen metabolites in this way, may also activate nearby cells, causing further release 

of free radicals, forming a self-perpetuating cascade.

The results presented here show that hyperresponsiveness is virtually abolished by the 

antioxidant, vitamin B. This certainly supports several reports in the literature implicating 

free radical involvment in hyperresponsiveness. However, in vivo, considering the 

possible interactions between the airway, circulating cells and mediators, it is quite likely 

that hyperresponsiveness is due to several factors. In the human nasal airway, there is no 

further information on this. Similarly, there is a lack of information about the mechanism 

by which oxygen free radicals may cause hyperresponsiveness. However, it is interesting 

to consider two studies in particular which could be relevant to the nasal airway. Firstly, 

oxygen metabolites may inhibit neutral endopeptidase in the epithelium, which normally 

degrades tachykinins and bradykinin, thus resulting in exaggerated responses to these 

endogenous peptides (Yeadon et al., 1990). Secondly, oxygen radicals, from lipid 

peroxidation, may provoke the release of arachidonic acid from membrane phospholipids 

and therefore lead to the release of prostaglandins and leukotrienes (Hemler et a l., 1979), 

both of which have the potential to exert quite potent effects in the nose (see section 

1.5.4).

Finally, pharmacological blockade of nasal hyperresponsiveness clinically, can be 

achieved with topical glucocorticosteroids (Pipkom et al., 1987a; 1987b). In this context 

it is o f interest that glucocorticosteroids can block the generation of PAF in vitro from 

isolated mouse mast cells (Benhamon et al., 1986) and in vivo, after allergen challenge 

in guinea-pigs (Chignard et al., 1986).
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SUMMARY

#  The effects of the topical application of an aerosol of platelet-activating factor 

(PAF) on responsiveness of the human nasal airway were examined in normal 

subjects. Nasal airway resistance was measured in response to histamine and 

bradykinin at 2, 6 , 24, 48h and 7 d after PAF pretreatment. Eosinophil cationic 

protein (ECP) in nasal secretions was also measured.

#  Intranasal aerosol administration of PAF, 30 or 60 fxg per nostril to normal human 

subjects induced an increased responsiveness to aerosol administration of 

histamine, 50 to 400/xg and bradykinin, 100 /Lcg per nostril at 2, 6  and 24h 

following PAF treatment. However, the effect was not apparent at 48h or 7 days 

after PAF pretreatment.

#  There was no difference in the time course of the PAF-induced 

hyperresponsiveness to histamine or bradykinin.

#  PAF-induced nasal hyperresponsiveness at 2, 6  and 24 h was associated with 

increases in the ECP concentration of the nasal lavage fluid.

#  Vitamin E pretreatment of subjects resulted in the attenuation of the PAF-induced 

hyperresponsiveness to histamine, and a similar decrease in ECP levels of the 

nasal lavage fluid.

#  The results suggest that in the human nasal airway, PAF induces a non-specific 

hyperresponsiveness which is accompanied by eosinophil activation in the nasal 

cavity. Free radical production induced by PAF may contribute to the 

hyperresponsiveness and to the activation of eosinophils.
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CHAPTER 8

A guinea-pig model for the quantitative determination 

of vascular permeability in the nasal mucosa.

8.1 Introduction

A reliable experimental model of rhinitis using laboratory animals would be a useful tool 

for the pharmacological evaluation of putative mediators or drugs which are thought to 

have either a role in the pathophysiology of rhinitis or a particular therapeutic application. 

To date, only a few models have been reported (Misawa, 1988; Misawa & Iwamura, 

1990; Mizuno et a l., 1990), which is reflected by the lack of fundamental experimental 

studies on allergic rhinitis. This chapter concerns an attempt to develop a guinea-pig 

model for quantifying vascular permeability of the nasal mucosa in response to kinin 

challenge, with a view to using this model for further investigation of other inflammatory 

mediators.

Increases in vascular permeability refer to an alteration in the blood-tissue barrier 

provided by the wall of certain vessels of the microcirculation. Normally, this barrier is 

freely permeable to water, electrolytes and small molecules, but only slightly permeable 

to proteins. However, an inflammatory reaction, such as that which may occur in allergic 

rhinitis, often features enhanced vascular permeability and this corresponds to an 

accelerated rate of passage of plasma proteins into the extravascular environment. It has 

been shown that synthetic diazo dyes, such as Evan’s blue, trypan blue or pontamine sky 

blue, given intravenously, bind spontaneously and quantitatively to plasma proteins, in 

particular to albumin (Rawson, 1943; LeVeen & Fishman, 1947). Therefore, appearance 

of such a dye in a sample of lavage or perfusate, indicates exudation of plasma proteins 

and enhanced vascular permeability.

The aim of the following experiments was to develop a model where the nasal cavity
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could be perfused in a manner which facilitated the collection of nasal lavage samples. 

In the present study, it was intended that the Evan’s blue concentration of the samples 

would be measured in order to quantify vascular permeability. The model developed was 

required for future use in the analysis of vascular permeability induced by a variety of 

substances, such as histamine, eosinophil proteins, leukotrienes, and kinins.

8.2 Experimental protocol

The perfusion circuit was filled with saline and the nasal passages were perfused for 25 

minutes, to allow for equilibration. Five collections and replacements of perfusion fluid 

were made during this time, to achieve a stable basal leakage of Evan’s blue dye. Saline 

(control) followed by [Des-Arg^]-bradykinin (l^M  final concentration) or bradykinin, 

(lOnM, O .l^M  or l^M , final concentrations) was administered in a volume of 25^1 to 

the perfusion circuit. Every 5 minutes for 30 minutes, the perfusion fluid was collected 

and the circuit refilled.

The data was analysed statistically, by one-way analysis of variance (ANOVA) and by 

paired t-tests where appropriate.
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8.3 Results

Administration of saline to the perfusion circuit was associated with small fluctuations in 

Evan’s blue leakage during the 30 minute time-course (Figure 8.1). However, these did 

not reach statistical significance (n= 5; ANOVA p > 0 .0 5 ).

Figure 8 .1 also shows that the Bj agonist, [Des-Arg’]-bradykinin, l/^tM had no significant 

effect on Evan’s blue leakage (n= 5; ANOVA p > 0 .0 5 ).

Bradykinin, lOnM, G.l/^M and l^M , caused increases in vascular permeability as 

quantified by the increased Evan’s blue measured in the perfusate. Figure 8.2 shows that 

bradykinin, lOnM induced an increase in Evan’s blue leakage which was maximal at 20 

minutes (n = 8 ; paired t-test, p= 0 .04). The leakage was only significantly different from 

the control (saline challenge) at this time point. Bradykinin, OAfxM and 1/iM caused an 

increase in Evan’s blue leakage which was maximal at 10 minutes for both doses, but did 

not reach statistical significance (n=4; p > 0 .0 5 ; n = 5 ; p > 0 .0 5  respectively). The Evan’s 

blue leakage was less in magnitude than that induced by bradykinin, lOnM.

Figure 8.3 shows the dose-response curve for bradykinin and Evan’s blue leakage. There 

appears to be a negative relationship between dose and response, but statistically, there 

was no significant difference between the effect of the doses on Evan’s blue leakage 

(ANOVA, p > 0 .0 5 ).
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Figure 8.1

The effect of [Des-Arg^]-bradykinin on Evan’s blue leakage into nasal perfusate in the 

guinea-pig.

Evan’s blue dye leakage expressed as ^g/ml of perfusate following saline ( # )  and [Des- 

Arg^]-bradykinin, If iM (O ) administration to the circuit. Samples of perfusate were taken 

every 5 minutes for 30 minutes. The data are the means from 5 experiments for each and 

the vertical bars represent the s.e. m.
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Time course for bradykinin-induced Evan’s blue leakage into nasal perfusate in the 

guinea-pig.

The effect o f bradykinin during the 30 minute post-challenge period on Evan’s blue 

leakage into the perfusion fluid. Bradykinin, lOnM (O ); O .l^M  ( • )  and l/xM (V). The 

data are the means from 4 to 8  experiments and the vertical error bars represent the 

s.e.m. * - significantly different from control (saline).
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Dose-response curve for bradykinin and Evan’s blue leakage into nasal perfusate in the 

guinea-pig.

Evan’s blue leakage expressed as |xg/ml of perfusate. The data are the means from 4 to 

8  experiments and the vertical error bars represent the s.e.m.
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8.4 Discussion

Changes in vascular permeability occuring in the nasal mucosa is one of the features of 

the response to nasal bradykinin challenge (Proud et al., 1988; chapter 4) and also occurs 

in experimentally-induced seasonal allergic rhinitis (Baumgarten et al., 1985). An 

experimental model where vascular permeability could be measured would, therefore, be 

useful for further studies on kinin involvement in allergic rhinitis and studies on the role 

of other putative mediators of allergic rhinitis.

In the present study, a guinea-pig model was developed in which the nasal airways were 

perfused in a manner where perfusate could be collected at intervals for analysis. Evan’s 

blue dye leakage was used as a marker for plasma exudation and therefore vascular 

permeability (Evans et al., 1987). The technique depends upon binding in vivo o f the dye 

to plasma protein. In guinea-pig airways, it has been shown that there is a significant 

correlation between exudation of Evan’s blue and [‘̂ ^I]-human serum albumin in vivo 

(Rogers et al., 1989).

Initially it was found that abnormally high Evzm’s blue leakage under baseline conditions 

was evident in some experiments. This has also been reported by Eijefalt et al., (1985), 

while studying tracheobronchial microvascular permeability using Evan’s blue as a 

marker. It is likely that the elevated and spontaneous dye leakage is probably a 

consequence of tissue damage to the microvasculature during surgery and tracheal/nasal 

intubation. To account for this, approximately 5 to 6  collections and replacement of 

perfusion fluid were made during the equilibriation period and this resulted in a relatively 

stable baseline showing minimal basal leakage of dye.

The Bi receptor agonist, [Des-Arg^]-bradykinin, lO'^M had no effect on Evan’s blue 

leakage. This is consistent with the airway effects o f kinins not being mediated via the 

kinin B  ̂receptor in the guinea-pig (Trifilieff et al., 1991) or in the human nasal airway 

(Rajakulasingam et al., 1991; chapter 4).

Administration of bradykinin to the perfusion circuit generally resulted in an increase in
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Evan’s blue leakage, although this was highly variable and not dose-related. Bradykinin, 

InM induced greater dye leakage than doses of 0. and 1/xM. This was not expected, 

since a dose-related increase in vascular permeability has previously been shown in 

response to naszil bradykinin challenge (Proud et al., 1988; chapter 4).

The data could be interpreted as simply that the model is unreliable and spontaneous 

leakage occured as a result of tissue damage, leading to spurious results. However, if this 

was the case, then it is unlikely that any reproducibility in the results would be apparent 

and clearly this is not the case. The baseline is reasonably stable once an initial 

equilibration has been allowed and all doses of bradykinin induced dye leakage over a 

characteristic time-course for kinin-induced changes in nasal vascular permeability. It is 

therefore possible that the higher doses of bradykinin, 0.1/xM and 1/xM, induced a 

smaller effect on Evan’s blue dye leakage due to a physiological action of this peptide. 

Bradykinin is known to cause vasodilatation (Regoli & Barabe, 1980) and if the higher 

doses used in this study significantly affect the tone of the vasculature and cause dilation 

of the vessels, then it is possible that a local decrease in blood pressure is induced and 

as a consequence, a possible decrease in plasma exudation and dye leakage may occur. 

This would not necessarily be a reflection of the state of permeability o f the vessels. 

However, the studies described in this thesis on bradykinin challenge in the human nasal 

airway provided no evidence of this.

Despite the possible explanations for this non dose-related effect, the current model 

obviously requires modification. It has been argued that such a technique where the nasal 

cavities are perfused with liquid inplace of air, is non-physiological and this may induce 

non-specific effects, which could influence the experimental results (Misawa, 1988). 

However, this method of assessing the response to kinin challenge by measuring vascular 

permeability is preferable to alternatives where kinin responses are studies by measuring 

nasal resistance. Such methods (Misawa & Iwamura, 1990; Mizuno et al., 1991) involve 

kinins being administered locally and intranasal pressure is measured, as an index of 

nasal resistance to airflow. The problem with this is that the kinin-induced nasal 

secretions block the nasal passages and there is no way of clearing them. Whereas, in the 

model described here, a constant saline perfusion eliminates this problem.
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It can be concluded that an experimental model facilitating the quantitative determination 

of vascular permeability in the nasal mucosa is of potential use, but that the model 

described here requires modification. The most important change needed is a circuit 

modification to avoid tissue damage during nasal intubation. This may be achieved by 

creating a circuit where tubing does not actually enter the nasal passages, but could be 

fixed by a suction mechanism over the entire external nasal area. Tissue damage would 

thus be minimised and abnormally high and spontaneous plasma leakage, which has been 

the major problem with this model, would be avoided. If this modification could be 

successfully made, then this model, in principle, could be applied to kinin and antigen 

challenge investigations. If, however, the explanation given for the lack of dose-related 

effects of bradykinin is correct, it is difficult to see how kinin-induced changes in blood 

pressure can be overcome.
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SUMMARY

#  The aim of the experiments described here was to attempt to develop a guinea-pig 

model for quantifying vascular permeability in the nasal mucosa.

#  Addition of the agonist, [Des-Arg^]-bradykinin to the nasal perfusion circuit 

had no effect on Evan’s blue leakage.

#  Bradykinin, lOnM, O .l^M  and l^M  caused increases in vascular permeability as

quantified by the increase in Evan’s blue measured in the perfusate.

#  Bradykinin, lOnM induced a significant and maximum Evan’s blue leakage at 20

minutes after addition to the perfusion circuit.

#  Bradykinin O .l^M  and IfxM caused Evan’s blue leakage, less in magnitude than

that induced by bradykinin, lOnM.

#  The model is of potential use, but requires further modification to avoid tissue

damage during nasal intubation, which may be the cause of spurious results.
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CHAPTER 9
General discussion and future studies

This thesis describes studies which were designed to investigate the actions of platelet- 

activating factor (PAF) and kinins in the human nasal airway. The results obtained 

indicate that both these mediators may have a role in the pathophysiology of allergic 

rhinitis.

The role o f kinins in the nasal airway has been a major focus of this thesis. Exogenous 

bradykinin can mimic nasal blockage which occurs during the nasal allergic reaction and 

appears to be mediated via a direct receptor-mediated mechanism, involving kinin 

receptors, as currently classified. Evidence of a histamine, Hj receptor-sensitive 

component in the response to bradykinin has also been discussed. This is likely to be a 

non-receptor-mediated action of this peptide, although further studies investigating kinin- 

mediated actions on human nasal mast cells would be useful to clarify this. The data 

described on the action of bradykinin in normal individuals prompted studies to 

investigate kinin involvement in the nasal response to antigen provocation in patients with 

perennial allergic rhinitis. These studies showed that a large part of the nasal allergic 

response to house-dust mite antigen could be attributed to bradykinin, but most 

interestingly, during these studies, it became apparent that the pathophysiology of 

perennial and seasonal allergic rhinitis may differ. Clearly this is of importance clinically, 

and also experimentally, since current models and reports regarding allergic rhinitis make 

no distinction, with regard to pathology between the two types. If there is a difference 

in pathology, then this needs to be addressed and clarified. It would be necessary to 

repeat the studies described in chapter 5 of this thesis using patients with seasonal allergic 

rhinitis and evaluate the effect of the same bradykinin antagonist which was found 

effective in attenuating the nasal response to house-dust mite in patients exhibiting allergy 

to this antigen.
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Recent evidence suggests that the action of bradykinin in the nasal airway of patients with 

allergic rhinitis, may be modified at the receptor level. A study investigating kinin 

receptor regulation on human synovial cells found that the receptors were upregulated by 

pretreatment with IL-l(Bathon et al., 1992). The authors interpreted this as an effect 

which may possibly occur in inflammatory reactions. Therefore, in vivo, there is the 

possibility that the effect of kinins are not only dependent on factors regulating kinin 

generation and the influence of other mediators, but zilso on receptor number and its 

regulation. Future studies, in addition to the in vivo functional type, could investigate 

kinin receptor expression in the normal and inflammed nasal mucosa by evaluating 

binding of pH]-bradykinin by autoradiography. Additionally, quantitative mRNA analysis 

could also be performed as a measure of receptor regulation at the transcriptional level.

The studies described on the action of PAF indicate that it can produce a non-specific 

nasal hyperresponsiveness, similar to that which occurs in allergic rhinitis. It was shown 

that the hyperresponsiveness was accompanied by increased levels of eosinophil cationic 

protein in nasal lavage and that vitamin E inhibited both the PAF-induced 

hyperresponsiveness and eosinophil activation. This suggests that free radical production 

induced by PAF may contribute to the effects of PAF in the nasal airway, and raises the 

question of whether vitamin E may have therapeutic benefit in patients with allergic 

rhinitis. Further studies are needed to address this, by studying the effect of vitamin E 

treatment, prior to, and during the pollen season in patients with seasonal allergic rhinitis. 

In addition, studies directed at the characteristics of the PAF receptor would be useful. 

The possible heterogeneity of the receptor needs to be clarified together with the effect 

of selective PAF receptor antagonists on the nasal response. Additionally, it would also 

be interesting to investigate whether there is a hypersensivity to PAF itself, displayed by 

cells which respond to this lipid. It is possible that the airways of individuals with allergic 

rhinitis respond in an exaggerated manner not only to allergen but also to PAF generated 

in the airway, resulting in augmented PAF-induced responses, as compared with normal 

subjects. Such a hypersensitivty mechanism has already been demonstrated in human 

platelets taken from diabetic subjects (Shukla et al., 1992) and has been attributed to an 

alteration in phospholipid turnover mechanism. In the airways, receptor number and 

phospholipid turnover are both factors which could easily be modified in allergic
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individuals and a study to investigate this would be an interesting extension to the 

currently documented effects and mechanisms of PAF in the airway.

Considering the studies described here and the literature available, it is quite clear that 

the effects in vivo o f kinins and PAF occur via their direct receptor-mediated actions and 

also via interaction with other inflammatory mediators, documented to be involved in the 

nasal allergic response. For example, bradykinin-induced microvascular leakage in an 

animal model o f airway inflammation involves eicosanoids and PAF, since WEB 2086, 

a PAF antagonist, and indomethacin inhibit the effect of bradykinin (Rogers et aL, 1990). 

This stresses the importance and usefulness of a human model in which the pharmacology 

of allergic rhinitis can be investigated in vivo, and clearly more studies could be 

performed to further elucidate the actions of many inflammatory mediators in the various 

forms of allergic rhinitis. However, it is unlikely that an understanding of kinin receptor 

type(s) and physiological responses generated by kinin-receptor interaction, will be gained 

solely from functional studies based on the order of potency of agonists, and by the use 

of antagonists, on isolated tissue or in vivo, since this relies on their selectivities. At 

present, selective compounds to distinguish between proposed B2  receptor subtypes or 

which are selective for the putative B3 receptor are not available. To resolve the issue of 

kinin receptor classification in human tissue, a molecular biological approach probably 

needs to be applied.

In 1991 and 1992, the first cloning studies of the kinin Bg were reported. The first two 

cDNA clones, each encoding a functional B2 receptor, were isolated from rat uterus 

(McEachem et a l., 1991) and a human lung fibroblast cell line (Hess et aL, 1992). The 

two receptors exhibit 81% homology in amino acid sequence with each other, showing 

a striking difference in terms of a two amino acid deletion at the N-terminal extracellular 

region of the human receptor. The significance of this remains to be determined, but it 

now clear that there are differences in pharmacology between kinin receptors from 

different species. This raises the question of, how relevant are the pharmacological 

studies describing a putative B3 receptor in the guinea-pig large airways to the human 

situation? This question needs to be addressed by further studies with the cloned human 

B2  receptor. Investigations with the human receptor directed at the nature of the ligand-
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receptor interaction at the molecular level, are probably the way forward to a better 

understanding of the means by which kinins generate responses and to the development 

of improved kinin receptor antagonists which may serve a useful purpose in functional 

pharmacology and may assist in the discovery of therapeutic compounds which act 

through the B2  receptor.

In conclusion, it would appear that allergic rhinitis is a condition which results from the 

actions of multiple inflammatory mediators following the initial IgE-mediated response. 

It is quite likely that the precise contributions of the various mediators in precipitating 

the nasal response vary from patient to patient and is probably dependent on the state of 

activation of the inflammatory cells involved. In addition there is evidence to suggest that 

the allergic reaction varies with the allergen(s) responsible and the atopic status of the 

individual. If this is so, then clinically, it makes treatment strategies somewhat difficult. 

It may possibly be speculated that the optimum therapy would be a combination of 

selective antagonists, which may be directed at a particular part of the cascade of 

inflammation. The model described in this thesis could usefully be applied to further 

investigations, perhaps regarding interactions between mediators because undoubtedly the 

study of single mediator actions may be masking synergistic interactions which could play 

an important role in vivo.
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Responses to comments by the examiners

Page 2: Line 7. Insert "In addition to the human studies, an attempt was made to
develop a guinea pig model for quantifying vascular permeability of the nasal 
mucosa, with the intention for future use of this model for investigation of 
kinins and other inflammatory mediators in the nasal airway.

Page 18; Line 15. Insert "to" between 'according' and the'.

Page 19: However other studies subsequent to the work of Cookson et al., (1989) which
have further assessed the linkage between chromosome l lq  and atopy have 
been unable to confirm a significant link between the chromosome l l q l 3  
marker D11S97 and atopy, as defined by either raised IgE or by positive skin 
prick testing (Lympany et a l, 1992a). Lympany et al, (1992b) have extended 
their studies to investigating linkage between this chromosomal region and 
bronchial hyperresponsiveness, characteristic of asthma, but again were unable 
to show a significant correlation between this region and bronchial 
hyperresponsiveness to methacholine. Other workers have also rejected a 
linkage between atopy and the D11S97 marker on human chromosome l lq
(Rich et al, 1992; Hizawa et al, 1992). Hizawa et al, (1992) suggest a
possible heterogeneity in the genetic elements o f atopy and at this stage, a 
genetic predisposition for the development of atopy cannot be excluded, 
although the current reports on this should perhaps be approached with caution.

Page 22: Line 13. Insert "However, whether the ability of PAF to induce bronchial
hyperresponsiveness differs between asthmatic and normal subjects is a point 
of controversy, since several studies in non-asthmatic subjects have failed to 
demonstrate such a effect of PAF (Lai et a l, 1990; Spencer et a l, 1990; 
Gebremichael & Leuenberger, 1992).

Page 22: Line 27. Insert "The ability of adhesion molecules to induce such nasal
inflammation may be further enhanced by a positive feedback mechanism, in 
which cytokines upregulate lCAM-1 on human nasal epithelial cells (Altman 
et al., 1993). Various studies have shown that expression of the adhesion 
molecules, ELAM-1 and lCAM-1, can be induced by the cytokines, lL-1, 
TNF-a (Groves et a!., 1991), lL - 6  (Bajaj et a l, 1993), and interferon-y (Das 
et a l, 1993).



Page 35: Line 15. Insert diagram.

K I N I N  F O R M A T I O N

P LAS MA T I S S U E P L A S M A / T I S S U E  I ND EP E N D EN T

P r e - P r o -  k a l l i k r e i n N on -Ka t l i k r e in  K i n i n o g e n a s e s

tissu e
d a m a g e ^

▲ ▲
HFA

Cellular p ro te a s e s  
Trypsin. P lasm in  
P lasm a  kallikrein

T i s s u e  k a l l i k r e i n

HMWK

i k a l l l k r e i n —— ►  Kal l ikrein

LMWK

HMWK- ►  ^  B r a d j ^ i n i n ^  ^  Ka l l i d l n^

ca rb o x y p ep tid ase  N am in o p ep tid ase

[ d e s A r g * ] - b r a d y k l n l n

"Diagram showing mechanisms of kinin formation (Taken from, Polosa, 1993).
HF=Hageman factor, factor XII
HFA=activated Hageman factor
HMWK=high molecular weight kininogen
LMWK=Iow molecular weight kininogen".

Page 43: Line 25. Insert "non peptide" between specific' and 'receptor'.

Page 49: Line 2 2 . Insert "at 2 1 °C" between ' temperature' and and'.

Page 55: Line 2. Insert after ... less than 20%.’ "The baseline measurements taken by
acoustic rhinometry and posterior rhinomanometry were such that a normal 
distribution was assumed, therefore ".

Page 61: Line 4. Insert "at" between ' assayed' and the'.



Page 62; Line 9. Insert " A fluorimetric histamine assay was used to measure histamine
release from rat peritoneal mast cells, rather than the radioimmunoassay for 
histamine previously described (section 2.3.2). This is considerably less 
expensive and is appropriate in these samples since there was minimal protein 
content, in contrast to the nasal lavage samples. Therefore, interference from 
protein in the assay was not a concern and this method is generally adopted h

the published literature.

Page 62: Line 9 after Shore et al., (1959) Insert " and is sensitive to approximately
2ng/ml.

Page 94: Line 2. Delete "bradykininis”. Insert "bradykinin is".

Page 131: At end of legend, insert "Cetirizine or BKA2 alone, had no effect on nasal
airway resistance".

Page 141: Line 11. Delete "resiues". Insert " residues".

Page 147: Line 6. Insert after... (Figure 7.1). "Point by point comparison is shown rather
than area under the curves since both resulted in the same answer".

Page 171: Line 2. Delete "InM". Insert "lOnM".

Page 172: Line 3. Insert "Unfortunately, limitations in terms of time did not allow for
further modification to be undertaken. However, ".

Page 175: Line 9. Delete "inflammed". Insert "inflamed".

Page 175: Line 28. Delete "hypersensitivty". Insert "hypersensitivity".



e 174; Line 4. Insert diagram.

Nasal blockage  
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Diagram illustrating the pathophysiology o f  allergic rhinitis.



174: Line 5. Insert diagram.

N E U R A L TISSUE  
hyperalgesia
sensory nerve stimulation
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Diagram summarising nasal effects o f  kinins.



Lge 175: Line 16. Insert diagram.
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Diagram summarising the effects o f  PA F in the hum an nasal airway.
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