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ABSTRACT

Asthma is a chronic inflammatory disease. In genetically
predisposed individuals airborne allergens can trigger symptoms. The
sensitivity of the lungs to allergens can be paralleled by skin
sensitivity, and the similarity in clinical, pathological and
pharmacological profiles of these two reactions has led to the
hypothesis that similar mechanisms may underlie cutaneocus and airway
allergic reactions.

Numerous inflammatory mediators have been implicated in the
pathogenesis of allergic disease including platelet activating factor
(PAF) which mimics certain aspects of the allergic response in the
skin and airways.

The aims of this thesis were to evaluate available antagonists of
PAF in man, and to use these drugs to evaluate the potential role of
PAF in allergic reactions in the skin and lungs in double-blind
cross-over studies.

Intradermal PAF induced dose-related weal and flare reactions in
normal subjects. Triazolam failed to inhibit these responses at
clinically effective sedative doses. Intradermal allergen induced
dose related acute and late responses. BN 52063, which had previously
been shown to inhibit the skin responses to PAF, inhibited the late,
but not the early response to antigen.

Inhaled PAF induced bronchoconstriction and neutropenia but not
bronchial hyperresponsiveness (BHR) in normal subjects. BN52063
partially inhibited the effects of inhaled PAF. Changes in PAF

challenge methodology failed to induce clinically significant changes



in BHR. A pilot study suggested that atopic status may be an
important determinant of the response.

In view of these results a gquinea pig model which closely
mimicked accepted clinical allergen challenge procedures was
developed. Using this technique, inhaled PAF failed to induce HHR,
but inhaled allergen induced significant BHR, which was inhibited by
WEB 2086. PAF induced oedema has been implicated in the genesis of
BHR, but neither PAF nor allergen induced significant oedema at times

of maximal bronchoconstriction or BHR.

These results suggests that PAF may play a role in
allergen-induced cutanecus responses and airway hyperresponsiveness
but not through inducing bronchial oedema.



SECTION 1

INTRODUCTION



CHAPTER 1

1.1. Definition of asthma

Asthma has been recognised since ancient times. The Chinese
describe a condition which was probably asthma in the Neu Ching from
the third millennium B.C. The word ‘asthma’ has been used in the past
to refer to almost any sort of difficulty in breathing, especially if
it was paroxysmal or episodic. Although it is now generaily agreed
that the term should only be used to refer to a disorder of the
respiratory system characterised by episodes of difficulty in
breathing, usually with wheezing, agreement has not been reached on a
formal definition of asthma. In 1959, a Ciba Foundation Guest
Symposium suggested a functional definition:- "Asthma refers to the
condition of subjects with widespread narrowing of the bronchial
airways, which changes in severity over short periods of time either
spontaneously or under treatment, and is not due to cardiovascular
disease. The clinical characteristics are abnormal breathlessness,
which may be paroxysmal or persistent, wheezing, and in most cases
relief by bronchodilator drugs".

The American Thoracic Society in 1962 put a greater emphasis on
bronchial hyperresponsiveness (BHR), suggesting that "Asthma is a
disease characterized by an increased responsiveness of the trachea

and bronchi to a variety of stimuli and manifested by widespread



narrowing of the airways that changes in severity either
spontanecusly or as a result of therapy".

Various bronchial challenge tests have been developed to measure
the sensitivity of the airways to inhaled irritants (Curry, 1947:;
Orehek & Gayrard, 1976) and have been standardized to a reasonable
degree (Hargreave et al, 1985). These tests have been used to study
the relationship between BHR ard clinical asthma.

BHR is certainly present in virtually all subjects with current
symptoms of asthma (Tiffeneau, 1955; Cockcroft et al, 1977a).
Asymptomatic asthmatics may (Parker et al, 1965; Townley et al, 1975)
or may not (Cockcroft et al, 1977a) have continued BHR. Evidence
suggests that the degree of increase is related to the severity of
symptoms (Makino, 1966), the number of previous hospital admissions
(Townley et al, 1975) and the ease with which asthma is induced by
allergens (Cockcroft et al, 1979a), exercise (Kiviloog, 1973), cold
air (0’Byrne et al, 1982; Ramsdale et al, 1985) and emotion (Horton
et al, 1978). Furthermore there is a correlation between BHR and the
minimm treatment needed to control symptoms (Herxheimer, 1951;
Cockcroft et al, 1977a). The degree of airway cbstruction and the
diurnal variation of peak flow rates (Ryan et al, 1982; Ramsdale et
al, 1985) as well as the response to bronchodilator drugs (Ryan et
al, 1982) are also related to the degree of BHR. Indeed, BHR
correlates more closely with variable airflow obstruction than an
increase in the diurnal variation of peak flow rates or a fall in
FEV; after the natural stimulus of hyperventilation of cold dry air
(Ramsdale et al, 1985) or exercise (Anderton et al, 1979). A

correlation also exists with IgE levels and positive allergen prick



tests (Stenius et al, 1971).

Despite the suggestion that BHR should be the ultimate standard
for the diagnosis of asthma (Gregg, 1983) the definition of asthma
put forward in 1962 has not been universally accepted. It was
rejected by a Ciba Foundation Study Group in 1971 on the grounds that
it did not represent what they would accept as a ’‘disease’, and more
recently it has been proposed that the term asthma should be
abandoned in favour of a concise description of the underlying
pathology "chronic desquamating eosinophilic bronchitis" (Reed,

1986) .



1.2. Epidemiology of asthma

The disagreement over the definition of asthma has hampered
epidemiological studies of asthma, and the incorporation into the
1962 definition of physiological testing to determine the degree of
bronchial responsiveness to pon-specific agents has been difficult to
assess in population studies.

Dodge and Burrows (1980) reported the findings of a longitudinal

study of the prevalence, incidence and distribution of asthma in a
general population sample of 3860 adults and children in Tuscon,
Arizona. Defining asthma as a "yes" response to "Have you ever had
asthma?" and "Have you ever seen a doctor about your asthma?", and
considering the asthma to be active if there had been at least 1
attack or a need for medication or treatment during the last year,
they found a point prevalence (the prevalence of active disease) for
asthma of 6.6% with a peak in childhood, and a high prevalence in
older subjects, in most of whom "chronic bronchitis and/or emphysema"
had been concomitantly diagnosed.
New asthma developed in 1.4% of the subjects who were followed over a
period of approximately 4 years. New attacks of shortness of breath
with wheeze occurred in 10.3% of the subjects at risk over the same
time period. The incidence of asthma was greater in young children,
was least in late adolescence, and increased again in early adult
life. The incidence was 1.5 times greater in young boys than in young
girls but was much greater in women over 40 years of age, which the
authors suggest may reflect the diagnostic biases of physicians.

In subjects younger than 40 years of age, onset of the disease was



strongly associated with previously demonstrated allergy skin test
reactivity and eosinophilia. New disease in this age group occurred
de novo, primarily within the first few years of life and during
early adult life. Subjects in whom asthma developed after 40 years of
age usually had prior symptoms of chronic bronchial irritation and
often had obvious spirometric abnormalities. The disease in these
subjects was not associated with positive allergy skin test
reactions.

The distribution of allergy skin test reactivity and serum IgE
levels in the Tuscon epidemiological study population have been
documented by Cline & Burrows (1989), and the changes in IgE levels
in infants enrolled at birth in the Children’s Respiratory Study in
Tuscon were reported by Halonen et al (1991).

Positive allergen skin tests were found in 36.2% of 3136 subjects
aged 3 or more at the time of enrolment. There was no relationship
between positive tests and gender but both the frequency and the size
of the positive reactions was strongly related to age, with
increasing reactivity during childhood, a peak between 20-45 and a
fall in reactivity in later adult life.

In subjects re-tested 8 years later a high risk of conversion from
negative to positive responses was noted, but no reversion from
positive to negative was recorded in subjects aged less than 15 years
on entry. In contrast, there were high reversion rates and relatively
low conversion rates in subjects aged 55 or more.

Serum IgE levels showed an almost perfect Gaussian distribution when
expressed in logarithmic form, except in the newborn. The median IgE

level at birth was below 0.1 international unit (IU). About one third



of newborn infants had no detectable IgE in their cord blood and less
than 5% had more than 1 IU. By nine months of age the geametric mean
IgE level had increased to 3.8 IU. Serum IgE levels peaked between
8-12 years, after which geometric mean levels decline rapidly over
the next few decades and then more gradually throughout adult life.

In subjects studied again after 8 years, a substantial decline in IgE
levels in individuals first studied when they were less than 15 years
was observed, a lesser but still significant decline in subjects aged
15-34 but no significant change over the 8 years in subjects over the
age of 35 at enrolment. Women had slightly lower IgE levels than men
at all ages. IgE levels at enrolment correlated with those at 8 years
follow up and the presence of any measurable IgE in cord blood at
birth predicts a relatively high IgE at 9 months.

A very close overall correlation between serum IgE levels and
skin test reactivity to allergens was observed. For instance only
8.1% of subjects with a serum IgE level of 1less than 4 IU had
positive skin reactions whereas 75.2% of subjects with IgE level of
250 IU or more had positive skin reactions. Furthermore, the size of
the reactions correlated with IgE levels. However, the low rate of
atopy in children cannot be explained by their IgE levels, which tend
to peak during childhood, and the fall in IgE in the elderly only
partially accounts for the reduction in reactivity. A further study
of the value of cord IgE levels in the prediction of atopic disease
concluded that neonatal IgE determinations, used in conjuction with
the family history was useful in identifying high risk subjects
whilst IgE 1levels alone had poor sensitivity (Croner & Kjellman,

1991).



More recently, data regarding the prevalence of BHR in the
population have become available. Whilst BHR provides an objective
measure of airway responsiveness, a mmber of epidemiological
investigations have suggested that bronchial responsiveness follows a
unimodal log normal distribution (Cockcroft and Bersheid, 1983; Weiss
et al, 1984; Salame et al, 1987). There is therefore no clear cut-off
point which can be used to distinguish normal responsiveness from
hyperresponsiveness, so that the difficulties arising from different
definitions of asthma used in epidemiological studies based on
questionnaires cannot be overcome by measuring BHR unless a
particular level of BHR is consistently regarded as indicating the
presence of asthma. Attempts to establish such a cut-off point based
on diagnosed asthma or symptoms of asthma have repeatedly shown that
whilst there is an association between asthma and its severity and
BHR, this also gives rise to considerable false positive and false
negative results (Cockcroft and Bersheid, 1983; Sears et al, 1986;
Salome et al, 1987).

It is possible that the false negative results i.e. the failure
to detect BHR in those with a history of asthma may result from
treatment which has reduced the severity of HBHR to a range not
detectable by the histamine challenge tests used. It is also
possible, that they represent children who have outgrown their
asthma. Preliminary studies of children with asymptomatic BHR (false
positives) have shown that the majority have a transitory abnormality
(Salome et al, 1986) and Sears et al (1984) found that of a group of
children with asymptomatic BHR 50% were no longer hyperresponsive,

25% were less responsive and less than 20% had developed asthma after



2 years follow up.

Nonetheless, there does appear to be a genetic influence on the
presence of BHR (Longo et al, 1987; Clifford et al, 1987) as well as
some interaction with atopy in its causation in both cross sectional
(Clifford et al, 1987) and longitudinal (Van Asperen et al, 1990)

studies in children.

BHR 1is not specific for asthma, and also occurs in chronic
bronchitis (Bahous et al, 1984), cystic fibrosis (Mellis & Levison,
1978), farmer’s lung disease (Moenkaere et al, 1981), cigarette
smokers (Gerrard et al, 1980) and after upper respiratory tract

infections (Empey et al, 1976).

Despite these shortcomings, Burney et al (1987) have recently
described the distribution of BHR to histamine in a randomly selected
sample of adults aged 18-64 living in two districts of England. BHR
to < 8 umol histamine was present in 14%. Positive skin tests to
common allergens were the most important associated feature in the
young, whilst smoking became a more important determinant of BHR in
older subjects (>45 years). No independent effect on responsiveness
of sex, social class or area of residence was detected and no
significant effect from recent upper respiratory tract infections was

observed. BHR was least prevalent in the 35-44 year age group.

In conclusion, epidemiological studies have shown that there is a
significant, but not complete association, between BHR and both

diagnosed asthma and respiratory symptoms. The prevalence of BHR in



comunity studies is generally higher than the prevalence of
diagnosed asthma but lower than the prevalence of wheeze or

respiratory symptoms in general.



1.3. Aetiology of asthma

The aetiology of asthma remains unknown. Genetic factors are
undoubtedly important, but numerocus envirommental factors have also

been implicated.

1.3.a. Genetic factors

A genetic predisposition tc asthma undoubtedly exists. Family
studies have shown an increased prevalence of asthma in relatives and
offspring of both atopic, and to a 1lesser extent non-atopic,
asthmatics (Charpin & Arnaud, 1971; Sibbald & Turner-Warwick, 1979;
Sibbald et al, 1980). Although this familial aggregation may arise
partly from shared family environments, twin studies have shown that
shared genetic factors must also play an important role. In a large
study of 7000 twin pairs undertaken in Sweden, the concordance of
asthma in monozygotic twins was 19% (Edfors-Iubs, 1971).

Whilst asthma is frequently associated with atopy (Coca & Cooke,
1923), the converse is not necessarily true (Sibbald et al, 1980). It
has therefore been suggested that atopy and asthma are inherited
independently and that atopy may increase the susceptibility to
asthma of patients who inherit a predisposition to both asthma and

atopy (Sibbald & Turner-Warwick, 1979).
Detailed research into the familial aggregation and probable
genetic basis of atopic allergy dates primarily from the study of

Cooke and Van der Veer in 1916 who concluded that allergy was
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inherited as an autosomal dominant trait. Familial aggregation of
atopy is now well established, and Cookson & Hopkins (1988)
confirmed, using a definition of atopy based on specific IgE
responses to common antigens or on an abnormally raised total serum
IgE, that atopy was inherited as an autosomal daminant character.
Furthermore, by molecular genetic linkage analysis it has been
possible to demonstrate a link between the inheritance of atopy and a
DNA marker on chromosome 11q (Cookson ét al, 1989). Chramosaome 119 is
known to carry a number of genes for cell surface antigens same of
which occur on T lymphocytes. Since B lymphocyte IgE production is
controlled by interleukin 4, a cytokine produced by T helper
lymphocytes (Snapper et al, 1988) and in view of the observation that
the tendency to IgE hyperresponsiveness and to asthma can be
transmitted in bone marrow transplants (Agosti et al, 1988),
Higgenbottam and Varma (1989) have postulated that the primary
abnormality in asthma may be an autosomally dominantly inherited
abnormality of a T cell subset which can lead to IgE
hyperresponsiveness.

However the transmission of atopy in the families studied by
Cookson, and by others, is associated with variable patterns of
response to antigen and disease expression so that other factors -
either genetic or envirommental - must influence the clinical
expression of atopy. Histocompatibility variability has been
implicated. Significant association between specific immune responses
to most inhaled antigens and the two most common histocompatibility
haplotypes (A1B8Dw3 and A3B7Dw2) have been reported, the association

being most striking for low molecular weight antigens (Marsh et al,



1981) . Furthermore, there is evidence of an interaction between
HIA-linked genes and the non-HIA linked IgE regulating gene (Marsh et

al, 1979; Hsu et al, 1981).

Since the early observations of Ishizaka (1971) and Johansson et
al (1972) that "high" serum levels of total IgE show a marked
correlation with allergy, studies of total IgE have been used to
provide an insight into the genetic factors underlying allergic
disease. The predictive value of serum total IgE in umbilical cord
blood in subjects with a family history of atopy in determining the
risk of atopic disease suggests that IgE responsiveness is not
determined by allergen exposure or other insults to the respiratory
tree in early postnatal life (Croner & Kjellman, 1991). Furthermore,
IgE levels show a greater concordance in monozygotic than in
dizygotic twins (Bazaral et al, 1974) and recessive inheritance of
elevated 1levels of IgE has been postulated (Marsh et al, 1974;
Gerrard et al, 1978). It has not been possible to prove the existence

of a major IgE regulating locus (Meyers et al, 1982).

The evidence that BHR is inherited is indirect. Niejens et al
(1983) showed that BHR may persist in asthmatic patients who are
symptom free for years and suggested that a genetically determined
predisposition to develop BHR exists that is induced or enhanced by
envirommental factors. The observation of Peat et al (1987a) that
parental asthma is a risk factor in the development of BHR in
childhood would support this concept. Evidence from twin studies

also points to a genetic influence. Hopp et al (1984) found a greater
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concordance in monozygotic twins than dizygotic twins in respect to
BHR, total serum IgE 1levels and total skin test scores. Several
studies have reported a positive association between atopy and BHR
(Cockcroft et al, 1984; Peat et al, 1987a) whereas others have failed
to confirm a relationship (Bryant and Burns, 1976, Woolcock et al,

1987) .

1.3.b. Envirormental factors

Despite the convincing evidence of a genetic camponent in asthma,
and the strong genetic predisposition to atopy and BHR, it is clear
that clinical expression of asthma is significantly influenced by
envirormental factors. In addition to allergen exposure, infections,
sodium intake, and exposure to sensitising chemicals or drugs have

been implicated.

Allergen exposure

In subjects with a genetic predisposition, allergen exposure e.q.
the seasonal exposure to grass pollen, induces increased symptoms and
BHR (Altounyan 1970; Weiss et al, 1984; Platts-Mills & de Weck,
1989). Conversely, removal from envirommental allergens improves
symptoms and reduces BHR (Platts Mills et al, 1982; Weiss et al,
1984; Warner & Boner, 1988). On a world wide basis, mites

(Dermatophagoides sp.) are among the most ubiquitous allergens and
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