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SUMMARY
" Although the bronchial hypefwr@activity to specific and
non—énecific stimuli in asthma has been well recognised for many
years, the factors involved in its vathogenesis are gtiil

T

unresolved. Salter' in 1859 first suggested that airways

hyper-reactivity in astﬁma resulted %rom hypersensitivity of
pulmonary nervous system. More recently, Sﬁentivayni45 (1968)
has postulated that the atopic state and bronchial hyvper-
reactivity in asthma is due to a funotionél imbalance between

the alpha and beta adrenergic receptors and results from
diminished heta receptor function. The theme of work presented
in this thesis is to examine the autonomic mechaﬁisms in patients
with extrinsic asthma and in particular the role of alpha
adrenergic activity in the control of bronchoﬁotor tone both in
normal subjects and agthmatic patients.

Tn sixteen patients with extrinsic bronchial asthma alpha
stimulation in presgence of bheta blockade caused a significant
bronchoconsﬁriotion both in the centrai and neripheral airways
whereas iﬁ ten normal subjects alpha stimulation or beta blockade
- had no effect on the bronchial calibre. The bronchoconstriction
causeﬁ by pharmacological stimulation of alpha recevitors could be
inhibited by ﬁretreatment of fhese patients with alpha receptor
blocking drugs, phenoxybenzamine and thymoxamine. The results
of this investigatioﬁ confirm the presence of alvha receptors in
human airways and that the stimulation of these recevtors can
cause bronchoconstriction in asthmatic vatients. Turther, it is

shown that thymoxamine can effectively inhibit histamine, allergen

18




and exercise induced bronchoconstriction whereas it had no effect

in methacholine and Prostaglandin . alvha induced broncho-

2
coné%riotion. It is suggested that inhibitory effect of
thymoxamine in histamine, allergen and exercise vrovoked asthma
&s mediated by increase in the intracellular levels of cyclic AMP
wﬁich prevents the effect of some of the vharmacological mediators
released in the tyve T reaction on the bronchial smooih muscle.
On the other hand, methacholine and Prostaglan@in F2 alpha are’
now known to cause bronchial smooth muscle contraction ‘through
stimulation of cholinergic receptors which are unaffected by
alpha receptor blocking drugs. Further, it is shown that
thymoxamine and phentolamine when administered with isovprenaline
cause significantly greater bronchodilatation compared to
bronchodilatation achieved with isoprenaline alone. This
obgervation may have therapeutic significance in the management
of patients with chronic labile alrways obsiruction and
especially in those patients in whom beta agonists alone fail o
produce significant bronchodilatation.

In Part IT of this thesis biochemical studies of
leucocyte adenyl cyvclase and lymvhocyte guenvl cyclase activities
in normal and asthmatic »natients are described. It is now well
recognised that the membrane bound enzyme, adenyl cyclase-cyclic
AMP system, mediates beta adrenergic resvonses and that guanyl
cyclase~cyclic GHP s&stem is activated by cholinergic and
possibly alpha recentor stimulation. The vpresence of both these
enzyme activities on the werivheral leucocytes has paved the way

for more fundamental and basic research to study autonomic

19




mechanisms in asthma. Conflictine results had been reported
'prev%oﬁsly on the leucocyte adenyleyclase resnonse to isovrenaline
in pétients with asthma. Logsdon et a1107 observed diminished
}oucocyte adenyl cyclase activity in all patients they had

examined wherecas Gillespie et a1108 Tailed to show any significant

differencc in the leucocyte adenyl cyclase activity of normals or
asthmatic patients. Parker and Smithlog, in more detailed
studies, have reporited diminished adenyl cyclasé activity in
patients with acute asthma whereas in patients in remission the
activity of this enzyme was normal. In none of these studies
was there any objective assessmenl of degree of airwﬁys
obstruction or detailed account of the clinical étate of the
patients.

In this oarefully conducted investigatioﬁ it is shown
that the basal leucocyte adenyl cyclase activity is increased
in patients with-acute asthma and the response of this enzyme
system to isoprenaline is inversely related to the basal
levels. These observations indicate fhat adenyl cyclsse activity
in acute ésthma ig maximally stimulated by endogenous factors and
. further stimulation becomes increasingly difficult. In contrast,
the basal adenyl cyclase activity in vatients in remission is low
and the resvonse to.isourenaline does not differ signifiﬁantly
from normal subjects. The adenyl cyclase stimulation o
igoprenaline in asthﬁatic patvients did not relate to the total
circulating reagins nor to airways resvonse induced by beta
blockade and allergen challenge. These observations together

with the failure 4o vroduce histamine hyver-rcaciivity in normal

20




subjects suggest that diminished beta receptor function is not

" the caﬁse of atopic state or bronchial hyver-reactivity in asthma
/

as nostulated by Szenﬁivayn145. In presence of beta recentor

ﬁunction in asthmatic vatients the minor alpha recevtor

stimulating proverties of adrenaline may become dominant causing

bronchoconstriction through stimulation of alpha receptors in

the airways. This phenomenon may explain the adrenaline

fastness and adrenaline reversal commonly obserﬁed in gtatus

asthmaticus.

The possibility of enhanced cholinergic mechanismg in
asthmatic patients has also been postulated. In céntrasﬁ to my
expectations, the lymphocyte guanyl cyclase resp&nse 1o
cholinergic and alpha stimulation was depressed in the asthmatic
group as a whole and no distincition in this acfivity could be made
on the basis of clinical state of the disease as was vossible in
the adenyl cyclase study. It avpears that guanyl cyclase-cyclic
GMP abnormality in asthma may be a primary defect which in turn
modifies aden&l cyclase aclivity. Alvha and cholinergic
stimulation both cause bronchoconsiriction in HWan, and this
response is grossly exagecerated in asthmatic patients. In guanyl
cyclase studies, alvha and cholinergic stimulation have been shown
to cause a significant increase in cyclic GMP formation
lymphocytes of normal subjects. Rssuming that similar increase
in cyclic GMF also occurs in the bronchial smooth muscle of these
subjects, the high levels of cyclic GNP formed may lead to

inhibition of cyclic AMP phosphodiesterase preventing hydrolysis

of cyclic AMP and thereby maintaining relaxation of bronchial
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smooth muscle.'” In contrast, alvha and cholinergic stimulation
doés not produce a significant increase in cyclic GMP in
asthmatic patients and this probabiy has an effect opposite to
that observed in normal subjeotsl78. It is ﬁossible that in
agthmatic patients we are observing an increased hydrolysis of
cyclic AWP fhrbugh‘stimﬁlation of eyclic phosphodiesterase due

to low concentration oflcyclic GMF ag reported by Beavo et alloe’

10 . . R . .
3 resulting in bronchoconstriction. Such a phenomenon in mast
cells would also explain increased mediator release following

alpha and cholinergic stimulation as already reportedg9.
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CHAPTHER I

TVTRODUCTION

BRONCHIAY, ASTITMA AND DUVELOTMENTS TN ALLEWRGY ANN ANAPUVY,AYIS

ey e ottt

A number of ancient freek writings as early as the

)

fifth century R.é. described symptoms resemblinsgs asthma.
Areteusl ig the seooﬁd century A.D. gave a granhic
descrintion of asthma. In none of these early references,
however, was there any sharp distinction belween various
forms of dyspnoea.

The first Renaissance vhysician to write.about asthma
was Geralomo Gordano (1501 — 1576 A.D.). ‘ He was called
from Italy to Zdinburgh to treat John Hamilton, Archbishon
of St. Andréws. Gordano observed the Archbishon for six
weeks before diagnosing astthma. His treatment included
diet, exercise and vurging to decrease the secretions of
mucous in the throat and substitution of a bed of unsnun
silk fér one of feathers. Haﬁpily for tordano, John
Haﬁilton recovered, but only lived long enough to he
hanged by the Scottish Reformers2.

In 1607 Joannecs Zaptista van Helmont3 described
nervoug or spasmoedic dyspnoea as a distinct entity and
later Thomas Willis (1681)4'c1early emphasised the

5 in 1698

spasmodic nature of asthma. Sir John Floyer
published his classic treatise on asthma and assisned

the cause of agthma to a "contracture of muscular fibres

of bronchi'.
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The éonéept of hyper-sensitivity to hair dust was

" first suggested by Robert Bfee (1811)6 and described in
detail in his book "Disgordered Resviration'. It remained,
however, for Saller (1859)7 to place this conceot of
hyper—sensitivity op more firm clinical grounds. He
suggested that tﬁe agthmatic At%ack was caused by spastic
contraction of the circular muscle around the small
bronchi and it vas due to excitomotory or reflex action.
Salter by his peffeo% logic and clinical observations also
suggested thal the bronchi of asthmatic patients were
hyper—-gensitive and factors such as fog, cold alr, emotion
and exercise could cause bronchospasm in these vatients.

He said, "I believe it possible that asthma is sometimes
produced by‘partioular materials admixed with blood in the
lungs, and that therefore it is so far humoral, hut that
these particular materials -~ whether absorbed unchanged,

as alcohol, ethers and saline solutions, or the result of
healthﬁ digestion, or of perver{ed digestion -~ have nothing
pafticular in them, but the essence of the disease in thesé
cases, as well as in others, consists of a morbid
gsensitiveness and irritabiliity of the oulmonary nervous
system;. In aetiologioal factors he siressed heredity,
which he was able to trace in 40% of hig patients. Since
the muscular spasm did not explain all the ¢linical and
experimental vphenomena in asthma, the concewnt of
obstrﬁction of small bronchi from within was elaborated

by other vrominent nineteenth century ohysicians like

Lacnnee, Remadge and Trousscau.
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Allergy and Anaohylaiis

In 1839 ?rancois MagendieS reported first definite
work on anaphylaxis in dogs and he observed that dogs died
suddenly if injected repeatedly with egg albumin. Plexner
(1894)9 confirmed these resulis. Hericourt and Richet
(1898 - 1903)10 performed many expériments on inducea
hyver-sensitiveness in animals and Portier and Richet
(1902)ll termed this phenomenon as anaphylaxis., 0tto
(}907)12 demonstrated that anaphylaxis in guinea pigs
depended on an antibody and he showed that it was possible
to passively sensitise animals by transference of serum
from a sensitised animal.

In 1906 Von Pirquetl3 coined the term "allergy"
indicating an aliered reaction or abnormal resnonge and
he originally used the term to designate the state of
heightened seﬁsiti%eness to tuberculin but subsecuently it
included hyper-sensitiveness represented by hey fever and
asthma. Coca (1923)14 recognising the need for a term
whioh would distinguish such clinical manifestations from
other types of hyper-sensitiveness pronosed the term
"atopy".

The Tirst definite suggestion fhat human
hyper-sensitiveness - hay fever — was related to enavhylaxis
in animals was made by Wolff-Disner (1906)15 and in 19210
Meltzerlé and Karl Kossler indenendently suggested that
agthme wag a vhenomenon of‘local anavhylexis in the lunes.

17

In 1912 Schlosgs™ ' renorted food sensitiveness in a child,

demonstrated by skin tests, and from this point on, the use
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of skin tests for diégnosis of sensitivity to foods and

.other substances developed rapidly.

Atony and Reaminic Antibody

Prausnitz and Kustnerls in 1921 first demonsirated
the existence of a épecifio factor in the serum of an
atopic subjects {Rustner, who was sénsitive to fish).by
bassive transfer to the skin of a normal wnsensitised
person {Frausnitz). This specific antibody-like factor
could not be shown by precipitation,; complement fixation
or by passive anaphylaxis in guinea vigs. This hecat-labile
antibody like substance, found especislly in the sera of
atopic persons, was called reagin by Coca;

The investigations %o find other and hetter meons of
measuring human reagins and to isolate and charzcterise
them has been an exciting development in recent vears.

The chiel advances concerning atopy were the identificakilon
by Ishizaka (1966)19 of the Immunoglobulin ¥ (Igi) as the
elusive reaginic antibody and the develovment of its
quéntitaﬁive measurement by Johansson and his colleagues
(1967)°°.

Immuncglobulin % ig a normal constituent of human
gerun which is vresent at 1/4000Oth concentration of

-

Immunoglobulin G. It hes the capacity to sensitise cells

for long veriods of time for subsequent triggering action
of antigen. Atopic subjects have six times as much T3

as normal subjects, and in allergic asthma 639 of vatients

have raised IzB compared with 59 in non-atopic or intrinsic

0 s 21
asthma2 . Tshizaks 7 hasg further showm that the Igh
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production occurs in the mucosal lymohoid cells and this
may explain why atopic subjects are readily sensitised by
this route, and may also throw light on possibility of

local Tghk sensitisation, without serological and skin

"sengitivity, in some subjects at present regarded as

non-atopic or intrinsic.

The clinicel characterisation of an individuzl as an
atopic person depends on the presence of several features
including characteristic symptomatology, the existence of
skin sensitivity of immediate weal and flare tyve, and a
family history of atopic discase. Tosinophilia is common
to all atopic disorders, and the level of circulating

. N i 3. Ke s - e 1 E 22
eosinophils narallels the severity of patients! symptomz ",
The familial clustering of atovic disceses suggests that an

. . s 223 ) i
atopic tendency may be inherited . The genetic
predispogition does not seem to determine the organ or
tissue which is involved. Similarly, there is a great
variability in the allergens to which an atopic verson
will develov sensitivity.

Disenses of Reacrin-~lediated Iyper—Sensitivity

Reagin~mediated hyver-sensitivity is also termed the
immediate hyper-—sensitivity or the tyve T allergic

24

reaction . The classicnrl dimeases of the tyve T allergy
are seasonal and perennial allergic rhinitis and agthma,
anavhylaxis, certain cases of urticaria and angioedena,

atovic dermatitis, certain cases of food and drugz reactions

and bee sting hyver—sensitivity.
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The changes characteristic of the type T allergic
reaction are initiated by the interaction of a specific
antigen with homologous Tl antibody bound to the tissue

. . cq..25 ,
mast cells or circulaling basovhils 2, The tissue changes

- include increase in vascular permeability, smooth muscle

contraction, mucous gland hyver-secretion, leucotaxié and
especially eosinophilotaxis, and irritation of sensory

nerve endings. These tissue changes in the reagin-mediated
allergic reaction can he accounted for by ome or more of
pharmacologically active substances‘(chemical mediators)
released during the reaction.

Chemical Mediators Released in the Tyve T Allergic Reaction

in Men e
PR . . ‘ 26 .
The presence of histamine in the mast cells and its
release from the mast cell granules during the
reagin-mediated reaction was first demonstrated by MHota
) 28 . .
and later confirmed by Austen and Humphrey . Histamine
and slow reacting substance of anaphylexis (S.R.%9.~A.) are
also released from passively sensitised human lung on
. 29 .
exnosure to antigen . Although the formation of
bradykinin in allergic human lung has not been demonstrated,
this substance is of interest ss 1t is found in the nasal
and bronchial secretions of vatients with hay fever or
30 - Ce . .
asthma™ . In addition bradykinin formine enzyme is
31, 32
*

released in guinea »igs during ananhylactic reaction

Serotonin (5 hydroxytryptamine) although a major mediator

[all

of snaphvlaxis in certain animal svecies is vrobably not

33

important in allewxwic reaction in Fan 7.
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A recent addition to the ranks of chemical medintors

is an cosinovhilic chemotactic Tactor of ananhylaxis
b i 2 b

‘ 29
E¢C.vaA¢34 and Prostaglandin ¥ albha3)a Prostaglandin F

2

alpha is found in human luneg and is released in natients

2

with asthma during bronchial challenge with avproovriate
antigen36, .

Acetylcholine; the cholinergic neurotransmitter,
although not relcased during allergic reaction, has also
been considered an important mediator in asthma bhecause of
its profound effect on bronchial smooth muscle in asthmatic

37

patients™ .

Bronchial MTyver-Rezctivity to Chemical Wediators in Asthma

: 8 . .
Weizs, Robb and Blumgart3 in 1929 first revorted that
asthmatic patients developed bronchospasm followine an
administration of a small dose of histamine which did not
o — 39 . s .
affect normal subjects. Curry investigated this
phenomenon of bronchial hyver-reactivity to histamine and
L : o 37 .

acetylcholine in asthma and Tiffeneau” was first to
quantitatively measure bronchial hyner-reactivity to
acetylcholine and histamine in asthmatic ovatients. In
recent years, with the discovery of new chemical mediators
released in the tyve I allergic reaction, the bronchial
hyper-reactivity in asthmatic »atients has been -

... 40 R a1,
demonstrated to bradykinin and Prostazlandin T alnha
42. Thig bronchial hyver—reactivity has been renorted to

remain congtant in individual vatients and ig knovn to

v vears even in the absence of active

v €

versist for man

3 4 . o .
asthma 7 4”. The cause of bronchisal hyner-ranchivity is

g}
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still uncertain. The beta adrenercic theory out forward

p
349

by Szentivayn answers many facets of atopy and bronchial

hyper-reactivity in asthma.
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DERTNITION O ASTHMA

Rronchial asthm? should be considered asg intermittent
reversible obstructive lung disecse and differs from chronic
bronchitis and emphysema where airways obstruction is
.chronic and largely irreversible. Agthmatic vatients
comnlain of wheezing, dysvnoea or tightness in the oﬁest and
cough vroductive of thick tenacious sputum. Adeguste
therapy with bronchodilator drugs or corticosteroids
reverses the: airways obstruction in the=me vatients. It was
previously thought that lung structure and gas exchange
function is normal in asthmatic patients in symptom—-free
periods, however, recent studies have demonstrated
persistent ventilation-perfusion abnormalities, mild
hypoxaemia and significant degree of péripheral airways
obstruction in asymptomatic patients.

On clinical groﬁnds, gkin testing together with the
measurement of IgW, twq main types of asthma can be broadly
defined, #iret is the extrinsic or atqpio asthma which
begins early in life and is often associated with atovic
eczema or #llergic rhinitis. A vatient with extrinsic
asthma is symptomatic on exposure to a specific allergen,
has positive skin tests and bronohiél challenge reactions
and freguently the serum Igh level is elevated. Second
type is the peremnnial or intrinsic asthma which usually
beging later in life and is offcn associated with nagal
PolyDps. In 2 patient with intrinsic asthma no allergic
actiology can be détépted by any currently avellable

tecchnigues and the serum Io% level ig nod elevatad.




Respiratory tract infections predispose to asthmatic attacké
ain both types hut more frequently in the intrinsic eroun.
The family history of allergic diathesig tends to be more
common among the extrinsic groun.

Excent for the partial scparation of extrinsic and
intrinsic grouops on the basis of serum Igh levels and skin
tests,.there are at present no other immunological or
biochemical parameters useful in olassifjing asthma or in
understanding its underlying pathogenic mechanism.
Bronchial hyper-reactivity and variability of airway
calibre is the hallmark of asthma. In reoen% years,

evidence hag accummulated that the imbalance of autonomic

45 . . .
o gives rise to the airways

neural control of the airways
hyper~reac%ivity in asthma.
The autonomic mechanisms in asthma Torm the main theme
of this tﬁesis and hence a short historical review,
together with the present councent of biochemical nature of

autonomic recevtors and their role in bronchial asthma, is

described in the following section.
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3.1

s AUTONOMTO RV SYSTT, ATOPY AV ASTHMA

Autonomic Receptors

The two divisions of the autonomic nervous system are
gquite distinet in many of their anatomical and vhysiological
characteristices. - The neurohumorsl transmitter of all
pregangiionic autonomic fibres, all postganglionic
parasympathetic fibres and a few postganglionic symvathetic
fibres is acetylcholine, whereas the neurohumoral
trangmitter in the majority of the sympathetic
postganglionic fibres is noradrenaline. -

Ag early as 1905, Langley46 sugoested that most
substances then thought to act uvon nerve.endings acted
instead upon "the receptive sgubstance" of the cells of
the organs innervated. L yvear later Dale referred to this
concepf to explain his ohservation that erpgot alkaloids
prevented the excitation actions of adrenaline but had no
effect on its inhibitory aclions. The adjectives
"adrenergic” and '"cholinergic" were introduced by Da1347
(1?33) to deéignaﬁe nerve fihres that release the
sympathetic transmitter and acetylcholine resvectively.

The recentor concepl was not accevlted generally at the time
because of the difficulty in explaining the diverse effects
of sympathetic stimulation %o a single transmitter on one
kind of recevtor. It was fthought for some years that two
mediators (Sympathin % and Svmvathin T, both derived from a
gingle substance ngymoathin') must be involveﬁdg. The
proper explanation that twe tyves of receptors, only one of

which was blocked Dby Dale's ergot vrenaration, rather than
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. : . 49 .
two mediators was put forward by Ahlauist ™ in 1948,
Ahlguistt's main conclusions were hased on a detailed

comparison of the effectiveness of five sympathetic amines

in cats, dogs, rats and rabbits. He found that various
responses fell into two categories. Tor one noradrenaline
was the most efféctive comnound, and isoprenaline the leasgt;
whereas for the other isoprenaline was the most effective,
with noradrenaline the least. Ahlguist suggested that
these two types of responses reflected the actions mediated
by two distinet receptors which he designated as the alpha
and beta receptors. Soon after Ahlqgist's raper it was
shown that adrenergic blocking drugs abolished only the
actions mediated by alvha receptors but subsequent
development of agénts such as dichloroisovnroterenol and
propranclol that block actions of beta ﬁeceptors with
comnarable selectivity further confirmed Ahlquist's-
conclusion.

The voscibility theat there may be more than one kind of
be{a reoeptof is both of theoretical and »practical
importance. Lands and his assooiatesso who compared the
effectiveness of 15 sympathomimetic amines in causing
bronchodilatation, vasodepression, cardiac stimulation and
increased 1ipolysis¢ The relative potencies of the various
compounds were gsuch that the effects on the hesrt ond
livolysis were mediated by a reoentpr.(type B-1) of a kind
somewhat different to the tyne (R—Q) involved in hoth

bhronchodilatation and vasodepression.
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Although the adrenergic and cholinergic receptors hove
had these names for many years we are only just beginning to
get acguainted with their fundamental nature.

Adenyl Cyclese — Cyelic AMP System

It has recently been showg that the membrane hound
adenyl cyclase is the second messenger and a mediator of
actions of many hormones and neurohormones including

.51 : . '
catecholamines” . According to this concevt a hormone,
the first messenger, reacts with a receptor in a farget cell
membrane, resulting in the activation of membrane bound
adenyl cyclase. In presence of Mg++ ions, the activated
adenyl cyclase catalyses the formation of a cyclic
nucleotide from adenosine triphosphate. This cyclic
nucleotide, adenosine 3'5Hf monophosphaté (cyclic ANP) is a
nucleotide of adenylic acid with vhosphate srouvns
diesterified at Carbons 3' and 5' of the ribose moiety.
Cyclic AMP is the inlracellular messenger and is of central
o . ' T
importance in the regulation of cellular function”’.
Cyclic AMP is hydrolysed by cjclic phosphodiesterase,
specific for mononucleotide 3'5' bonds, to an inactive
nuoleoﬁide, [t AFP, The beta adrenergic resnonses of

catecholamines are mediated through activation of adenyl

cyclase and increase in cyclic ANP levels.
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3.3

CYCLIC AMP

Adenosine Triphosvhatase (ATPase)

Although the exact biochemical nature of the alvha

53

recepior is s1till uncertain, Belleau pronosed on the
theoretical ground that membrane bound adenosine
‘triphosvhatase (ATPase) would renresen%'an ideal enzvme Tor
alpha adrenergic modulation. This hynothesis is suovorted
by the observation that divalent cationic dependent ATPase
activity in cell preparations can he stimulated by alvha
adrenergic aéonist and inhibited by alpha receptor blocking

54y 55

drugs A recent advance has been the finding that

alpha receptor activation causes changes in the ionic
ﬁermeability of the cell membranes of several tissues56.

It is likely that ionic selectivity of vermeability caused
by alpha receptor activaltion may vary between tissues. In
the longitudinal muscle of the infestine mainly x* ions are
concerned, so that the membraﬁe potential rises and
electrical activity is inhibited and in other swmooth muscle

cells e.g. arteries and veins depolarisation occurs. T4k

has been suggested, however, that alpha recevtor stimulation
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may initiate contraction in certain smooth muscles by

[t

releasing Ca' @ ions from an intracellular store, nossibly
in the sarcoplasmic retioulums7.

An important bﬁt unsettled question is whether changes
in cyelic AWMP un@erlie alvha recentor mediated responses.
One posgibility which has beén suggested ig that alpha
effects may result from a fall in the levels of cyclic AMP,
and some evidence to suvport this suggestion has been
58, 59

reported

Guanyl Cyveclase - (Gvclic P Systen

It is now gencrally accepted that .cholinergic and wvagal
responses are mediated by activation of guanyl cyclase and
the formation of guanosine 3'5' moxophosphate (cyclic GMP)

. 60, 61
which is the intracellular messenger '’ .

There is also
evidence that guanyl cyclase is also activated by alpha
s . 62 , ,
adrenergic stimulation . Several substances such as
acetylcholine, bradykinin, prostaglandin FQCK. and insulin
) . o e . 63 .
are also known %o increase cyclic GHP formation ~. Cyclic
GMP, like cyclic A¥P, is hydrolysed in the cell by cyclic
phosvhodiesterase which may have varying affinities for
. . .64, 65 . .
respective cyclic nucleotides . The intracelluler
concentration of ecyclic GVP and cyclic AVP is, therefore,
a balance between the hormonal ‘driving forces causing their
L3
formation and the rate of hydrolysis by vhosphodiesterases
within the cell. Cuanyl cyclase activity has been

demonstrated in meny tissues including human lunz and

6
lymnhocytes .
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Autonomic Imbalance in Asthma

Salter (1859)7 was Tirst to suggest thal svasmodic
contraction of the muscle of bronchi was due to "a morbid
gensitiveness and irritability of the pulmonary nervous

67

gystem'". Eppinger and Hess in 1909 suggested that
asthma was a result of parasympathetic over—activity and
Pottenger (1928)68 felt that in additio‘n to the vagus
overtone, there was also a deficiency in certain
sympathotonic glands such as adrenals and thyroid, and
that specific and certain non-specific stimuli only acted

as precipitating factors in disorganised neurocellular

mechanisms. Gudehus (1933)69 and Handa (1934)70

regarded bronchial asthma as a vagus neurosis of resviratory

organs and believed that endocrine glands vlayed =
dominant role. The concept of autonomic imbalance in
ssthma was not generally accepted then because 6f failure
or minimal effect of atropine or vagus section in the

Tl

treatment of asthma .
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The Bets Adrenersic Theory of Atopic Abnormality in Asthma

Over the past three decades the interest in the
autonomic nervous control of the airways in asthma has
been revived. The significant advance in our oresent
knowledge of aubonomic nervous system in asthma hag been
to produce an experimental animal counterpart of atopic
state. A meaningful analogy to the bronchial
hyper-reactivity in asthma has been the finding that
certain strains éf mice and rats when sensitisad with
Bordetells pertussis wvaccine acquireé hypermsensitivity 1o

12, T3

histamine, serotonin and bradykinin and also to less

gspecific stimuli such as cold air, changes in atmosovheric

14

vressure and resgpiratory irritants-l. These animals also
show a reduced beta recentor sensitivity to catecholamines
and a reversal of normal adrenergic activity. In addition,
there is a marked eosinophilia and an enhanced antibody
. 15 ' . . A ' "
formation 3 these antibodies exhibit many of +the features
peculiar to atopic reagins and are thought to represent its
animal countervnartd. Subsequently, it has been shown that
a similar state can bhe produced in exverimental snimals
following beta adrenergic blockade with
. . i 45
dichloroiscovroterencl ™.
In Man, it hes long been known that asthmatic patients
are somehow more tolerant to adrenaline than normal
subjects and this imoression has gained experimeantal
suovort by observation of reduced beta adrcenergic
76, 77

responsiveness to catecholamines in asthmatic suhiccts .

This bete receptor resistence in asthmatic natiecnts is
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revorted to increase with the severity of asthma78° In
gstatus asthmaticus, the majority of patients become "fagt"
to adrenaline and thisg adrenéline festness cannot be
explained by tachyphylaxis as bronchi&l.nrenaraﬁions under
exverimental conditions do not develov tachyvhylaxis on

79

repeated exnosure to symvathomimetic amines'”.

Baged on these observalions in animal exneriments and

45

Man, Szeutivayni™~ wnostulated that asthma is not an
immunological disease but a unique vnattern of bronchial
hyper-reactivity to a broad spectrum of stimuli and results
from the reduced functioning of the beta adrenergic
receptor system and thet the adrenergic néurotransmitters
are released in the face of relatively unavailable heta
effector system. | The resultant adrenergic imbalance
devprives the bronchial tree from its norhal counter-
regulatory control. This hyvothesis is suvported by
observation in oatients with hay fever and allergic rhinitis
without orevious histpry of asthma who develop bronchial
hyﬁer—reactiﬁity to methacholine and antigen inhalation

. . 80
following beta adrenergic blockade with provranclol” .

1

Tn addition, heta adrenergic blockade with prooranolol has

also been shown to precivitate bronchospasm in asthmatic

15

patientsSl. According to Szentivayni ™, in asthma the

N

reduced beta recevior activity would be ovrimarily relegated
to the lung rendering this organ the so called "iarcet
organ", wherecas deficient beta function in other tissues
could result, for examnle, in atopic dermatitis or allerw~ic

rhinitis.
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Although Szentivayni put forward a unitarian concept

to explain bronchial hyper-reactivity and atopic state in

asthma, his conclusions are mainly based on observations

in animal experiments. These observations are important,

. however, the inferences derived have to be regarded with

caution firstly because of species aifferences and sécondly
because of failure to produce chronic unrelievable

asthmatic sta%e in animals. In addition, vharmacoloecical /&
blockade in non-atovic subjects has failed to induce
bronchial hyvner-reactivity in these-subjectsaz. TMurther,
Szentivayni without much experimental evidence ventured to
nogtulate that sympeathetic imbalance in pétients with
asthma may result from increased alpha adrenergic activity
of the airways. In 1968 when he vput forward his hypothesis
there was some evidence of presence of alpha adrenergic
receptors in ahimai ailrways, however the existence of such
receptors and their fupction in human bronchial tree was
still in doubt.

Alpha Recentors in Mammalian Bronchisl Tree

Dixon and Ransom (1912)83 showed that stimulation of
the cervical gymvathetic fibres in cat could be followed
either by broncheodilatation or bronbhoconstriction
depending upon the strength and the freguency of elecirical
stimulus useds; they identified certain fine nerve Fibres
with a high threshold of excitabhility which were

a4 described

constrictor in function. Hebb (1941)
bronchoconstriction after stimulation of siellate sanglion.

or 85 .
FMore recenily, CGastro de 1o Hata et al 7 showed that the

42




3.8

bronchial smooth muscle in doss contained alpha recentors
which could be stimulated to cauvsge bronchoconstriction.
. 4 .86 :

Takagl et al have also revorted both alrha and beta

adrenergic recepitors in guinea pig tracheo-bronchial tree
. . 87

and these observations have been confirmed . The

existence of sympéthetic bronchoconsirictor receptors in

\

. . e . 88

human airways has been more doubtful until Xerr et al

in 1970 reported that histamine induced bronchoconstriction

in patients with asthma could be inhibited by alvha

receptor blocking drugs, phenoxybenzamine and phentolamine.

This was probably the first indirect evidence of the

presence of alpha receptors in the human airways. Recently

. 8 . ey 20

Prime et al (1972) 7 and Simonsson et al (19/2)) have

shown that alvha. receptor stimulation can causge

bronchoconstriction in Man, however the sgignificance of

alpha adrenergic activity in huwman airways, and especially

in patients with asthma, has not yet been fully

investigated.

Cyclic AP, Cyclic G¥P and the Tyoe I Allersic Reaction

The capacity of adrenaline to supvress the antigen
induced wheal-and-flare reaction in an allergic subject
and histamine release from sensitised guinea v»ig lung was

. 91, 92 .

described forty years ago , but the mechanism wag not
avpreciated until Sutherland described cyclic AVP formation
fellowing beta stimulation. Groth and hisg associates93
reported that adrenaline reduvces the amount of histamine

released from guinea pig heart by ananhylactic challenge.

. ; " .94 ;
Subseauently, Lichtenstein and Harsolis Tount thont
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adrenaline acting through beta receptors inhibited the
release of histamine from peripheral blood leucocyies of

allergic subjects when incubated with ragweed antigen.

%

Assem and Schild95, Ishizaka et a196 and Orange, Austen

97

and Austen’ ' extended these studies to human lung. These

workers found an inverse relationship between the tissue
levels of cyclic AMP and the amount of histamine and
S5+ReSa—A, released. Beta agonists, Proétaglandin EE and
methyl-zanthines and histamine itself increased
intracellular levels of cyclic AMP and inhibited mediztor
release. Alvha stimulation,>with phonylephfine or with
adrenaline in the presgence of propranolol; reduced the
level of cyclic AMP and increased the amount of mediatlor
releasegg.

Conversely, cholinergic agonists and 8 bromocyclic
guenosine monophosvhate enhanced histamine welease, though

28

they had no effect on levels of cyclic AP,

Thﬁs, in mast cells, as in éirways, it apwsars that
thé balance between cholinergic and beta adrenergic, as
well as the balance between alpha and beta adrenergic
activities, may play a criitical homoestatic role.

Cyclic 4P, Cyclic SI'P and the Pronchial Smooth ¥uscle

Catecholamines stimulate intracellular formation of
cyclic AMP in'bronohial smooth muscle and cause
relaxationgg. Phosphodicsterase inhibitors act by
preventing the hydrolysis of intracellular ovclic AMP,

Phe methyl-xanthines are the best known comoounds with this

proverty and asthma is freguentlv treated with Theoohylline
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-100
compounds N , -

Several substances such as acetylcholine,; bradykinin
and prostaglandin F? alvha, which cause bronchoconstriction
. . s : . 100
in Man, are known to increase cyclic GNP formation .

The suggestion that cyclic GVP may be increased in tissues
of asthmatics, thus facilitating bronchoconstriction and

. . 101
mediator release was made by Polson et al s who have shown
that manioulations producing an asthma-like condition in
rodents are associated with an increase in the levels of
cyclic GNMP in their lungs.

. 60 ' NP . .

Lewis et al have shown thalt the effect of cyeclic GIFP
on smooth muscle function is dose dependent; low
concentration producing tracheal smooth muscle contraction

‘whereas higher concentration produces a dose dependent
relaxation. This action of cyclic GHMP can be exvlained by
the influence of cyclic GHP on cyclic AMP phosvhodiesterase;
in low concentration cyclic GHP stimulates cyclic
phosphodiesterase, whereas in higher concentrations it
sy sas . . 102, 10
inhibits cyelic AKP hydrolysis ? 3.

It is vossible to consider that at least in certain
cells the concentrations of cyclic ANP and cyclic GNP may
reflect the balance of beta adrenergic and cholinergic
division of autonomic nervous system. The imvortance of
such a relationship in asthma is evident. It has been
sugeested that cyclic AFP and cyclic GFFP have a sort of

) . ) . .. 104
recivnrocal or Yin-Yang relationshiv in cell funciion .

Such a relationshin may have a significant dmportence in

the regulation of bronchowmotor tone znd chemical mediator
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release in asthma.

3.10 "Leuoocyte Adeny]l Cyeclasc Activity in Asthma

In addition to the above observalbions, an atitempt has
been made to study the cyclic nucleotide metabolism in the
levcocoytes of patients with asthma in relstion to the
aoﬁivity of +the disease. It.iﬁ helieved that ‘the
biochemiczsl abnormality in asthma ig aot localised to
target organs but is generalised (table i), and therefore
studies on isolated viable leucocytes may provide a

99

meaningful information”” .

In 1970 Scott0®

revorted the presence of adenyl cyclase
activity on the human leucocytes and this.has promoted
Smith and Parker (1970)99 to examine the adenyl cyclese
system in iﬁtaot leucocytes and its s%imulation by
isoprenaline in patients with asthma. Contrasting results
have bheen reported on the leucocyte adenyl cyclase activity
in asthma. Logsdon et allo7 found that almost all their
patienfs had a diminished 1euco§yte adenyl cyclase activity,
whéreas Gillesvie et allo8 were unable to demonstrate any |
difference in leucocyte adenyl cyclase activity in asthmatic
patients and normal subjects. Smith and ParkcrgQ’ 109
renortéd a diminished édenyl cyclase activity in vetients
with acute asthma but theyvéould not demounstrate a
significant difference in the leucocyte adenyl cvelase
activity in vatients in remission and normal subjects.
- Tt still remains uncertain whether, in fact, the
deficiency of beta recevplor function or the adenyl cycleose

activity is the underlying ceuse of bronéhial hyocer-



reactivity. Tf so, whether this defect is acouired or
-inherited and does the adenyl cyclase activity wvary with
the degree of airways obstruction.

Leucocvite ATPase Activity in Asthma
A

54,

55 have showm that

Goffey and his colleagues
membrane bound divalent cationic devendent ATPase is
activated by alvha stimulation and inhibited by alvha

: " . . 110

blocking drug, phentolamine. These workers recently

: g P . o
reported that Mg and Ca dependent ATPase activitlies
were significantly increased in the leucocytes of asthmatic
patients comvared with sex-—age matched normal subjectls.
ATPase activity in asthmatic vatients could e significantly
reduced by steroid theravy. In addition, they have
proposed that the adrenergic imbalence in asthma is
associated with reduced adenyl cyclase activity and enhanced
ATPase activity. Thig in turn facilitates mediator
release in the tyne I allergic reaction and also increases

bronchomotor tone in asthmatic oatients.
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PRONCHTAT, SIMOOTH YUSCTYW AND ATRYAYS OBRSTRUCTION TN ASTUMA

Anatomy of Bronchial Smooth Fuscle

Digeases associated with airwoys obstruction are

extremely common and are a major cause of morbidity and

mortality. It is importaent lto know the structuvral
arrangement of the bronchial muscle to understand the

patho-vhysiology of obstructive sirways discase. Varniers:

111

l(l779) was first to describe the ability of normal

bronchi to contract. Reisseins (1882)112 made an
anatomical study of the br&nchial musculature and descrihed
the bronchial smooth muscle. He pointed out that airways
smooth muscle was so arranged that it allows easy
adantation of rhythmic changes in airways dimensions which
foym.an inteeral part of breathing. Toldt (1888)113 gave
one of_the earliest and more detailed descriptions of the
anatomy of brdnqhiél musculature, He outlingd that the
muscle Tibres in the bhronchi are arranged in lattice-~like
form (gitterformige), end dispelled earlier descrivtions of

4
. 114, 115
its forming a completely closed muscular tube 145 l?.

JFiller (1921)116 confirmed Toldt's descriviion and sugrested

that the muscle bands formed a network as 'geodesic'!, that
ig lying along the shortest mural nathway between any two

v

noints. He claimed thot these geodesic bands nrevent

]

tangential motion and orovide the oreatest amount of
strength, and at the same time allow the greatest amount of
extension and contraction of the airways.

The present orevalent view is that the bronchial smooth

muscle exbends from the trachen down to the alveolar
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17

ducts o In the bronchioles and alveolar ducts the muscle

is thicker relative 1o the diameter of the lumen than in

1 -
the larger airways"lB’ 119, 120

Thus changes in
bronchomotor tone affect the diameter of the small airways
more than that of large ones because of the greater muscle
maés of the smallhairways. éhe alveolar ducts contain
smoéthAmusole fibres arranged in rings and spirzsls around
the mouths of a2lveoli and the svhincter-~like avpearance of
the smooth muscle around the atria-has been described by

various workersllg’ %219 le2

The. narrowing due to
muscle contraction at such a strategic site would be of

functional significance and would lead to air-traoning.

Physiological Affects of Bronchoconstriction

The vrecise vhysiological function of the airway smooth
. ) . Fe1123
muscle remains undetermined.. Radford and Lefcoe {1955)
suggested that airway smooth muscle does not contribute
significantly in modifying lung recoil but indicated that
bronchoconstriction might result in a decrease of effective
lung volumes by closing off bronchizl segments. Olsen et
124 T o s - .

al (1967) found that constriction of bronchial smooth
muscle increased hoth the circumferential and the
longitudinal tensions in bronchi and they claimed that
bronchocongtriction led to a decrease in bronchial
comnlisnce with the result that the airwsys became less
distensible and also less compressible. I% would seem to
indicate that in the constricted state a greater comnressing
force is necessary to cloze the airway than in the relaxed

state. Olsen attributed this to the ovresence of
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4.3

cartilaginoﬁs plagues in the airway wall which are pulled
into an overlan»ing vosition when bronchi are narrowed; ‘thus
increasing the rigidity of the airvays. In bronchioles,
where cartilage is. absent, inérease in the smooth muscle
tone could increase collapsibility and protect acgainst

125

closure It-is known that the gtability of a nine is
related to the ratio of the thickness of its wall to its
internal diameter: the sreater this ratio the less
collansible the pipe is. Hence, although it is quite
possible that maximal constriction of bronchial smooth
muscle might lead to critical closure of the airwayslzG,
smaller muscle tone might well helo in improving airway
stability without vroducing complete obstruction in the

normal airwsys. Widdicombe and Nadel (1963)127

suggested
that smooth muscle tone may normally help to ad just the dead
space and airways resistance fo values at which the

mechanical work of breathing is minimal.

Physiological Bffects of Rronchoconstiriction in Asthna

Tor more than 30 years aerosol of histamine and
cholinergic agonists have been known to cause vigorous
bronchoﬁonstriction in patients with asthma. Normal
persons resvond with slight transient bronchoconstriction
detectable with sensitive techpiques but response of
patients with asthma is 100 to 1000 fold greater. Although
this airways hyper-reactivity in as@hmg was long recognised

37

by cliniciens, it was Tiffeneau” who first measured
vhysiologically the airways resvonse to inhaled

acetylcholine in asthmatic vatients. He demongtrated that




asthmatic patients dévelop gignificant fall in Porced
Expiratory Volume in 1 second (FEVl) by inhaling small
quantities of acetylcholine which failed o produce a
similar fall in FEVl in normal subjects. In asthmatic

. patients this threshold of excitability can be reduced
further by allergic reactions, broﬁbhopulmonary infe&tion,
psychic trauma and inhaled irritants that stimulate a
bronchoconstrictor reswvonse. In recent years, acute
provocation tests in asymptomatic patients with asthma have
been vsed to examine some of the functional abnormalities
which ocour during a spontaneous asthmatic episode. Cade
et a144 measured plethysmographic lung voiumes, ailrways
resigtanoe, static elastic properties, dynamiec comvliance,
together with standard spirometric lung volumes and gas
mixing in young asymptomatic asthmatics hefore and after
methacholine inhalétion. The results of their study
suggested that both the large and small airways respond to
provocation with methacholine. The larger airways apnear
talrespond faster than the smaller airways and the response
of the smaller airways appears to be more prolonged.

‘It is now known that changes in airways resistance
reflect changes in the large airway5128 whereas Fmvl is
determined mainly by the elastic recoil of the Jung and the
resistance of the airways upsiream from thé egual pressure
pointsl28. In addition, Bouhuys and WOestijn6129 have
suggested that reduction ih maximun expiratory flow rate
with little Ghange.ih airways resistance indicates

peripheral airways obstrusction whereas a merked change in
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airways resistance with little effect on maximum expiratory
" flow rate and FEYV, indicates obstruction in the central

alrways. These authors reporited two tynes of physiological
responses in cotton workers following inhalation of cotton
dusts one group (the "flow-rabe" resmonders) there was a
reduction in maxiﬁum expiraﬁo;y flow rate and F-EV1 with
little change in airways resistance, whereas in the other
group (the "conductance" responders) there was a rise in
airways resistance but little change in maximum expiratory
flow rate or FEVl. further, it was suggested that the
difference in the site of airways obstruction.induced by
cotton dust may be due to an anatomical vériation in the
autonomic innervation in the bronchial treec.

The broﬁohial smooth muscle cells in patients with
gevere asthma show changes of hyvertrophy and hyverplasia
which extend from central airways to the terminal

2 .
130, 131, 132, 133 4 physiological effect

bronchioles
of broﬁchial smooth muscle oontfaotion due to wvarious
phérmacological mediators will depend on the site of
contraction in these patients. - The smooth muscle
contraction occurring nredominantly in the perivheral
airwayé will give risehreductions in flow rates, FEVl,
together with airways closure resulting in air-{raoving,
increasse in stétic lung volumes and a diffusion defect.
On the other hand, smooth muscle contraction in the large
airways will lead to an increase in airways resistance
without afflecting the elastic nroverties of lungs or lung

4

mechanics. Recauge the effect is different devending on

S}
™




the site of consitriction the methods that determine the

site are important.

The obstruction in the perinheral airways is difficult

to assess clinically and physiologically and this zone is

25

. . . 1 .
_ congidered a 'guiet' or 'silent' zone where disease

process may smoulder on undetected. In recent years,

134, 135

measurements of closing volume

136

have been described for early

and frequency
denendent compliance
detection of peripheral airways obstruction. The site of
obstruction in asthma is not known,. although there iz some
evidence that in remission considerable obstruction may

137, 138

affect veripheral alrways whereas during an acute
attack the central airways are affected. If one imagines
that a division into "flow-rate" and "conductance”

29

responders, as suggested by Bouhuysl exists in asthmatic
patients, then the patients whose airwsys constrict more
readily at the peripheral may be at a greater risk of

morhidity than a patient who is a "conductance" responder.




STATHMIT W T PROML %M

Phe review of literature suvpnorts the hypothesis that
the glycaemic, lactate, beripheral vasodilatation and
eosinopenic responses to odrenaline administration are
diminished in paticents with asthma whereas cardiac and
free fatty acid mobilization fesponses are not (table T ).

. 50 ‘o . .

In light of Lands”  classification of beta adrencrgic
receptors, it is apoarent that beta—-2 responses are the ones
chiefly imvaired in these patients; Tt still remains
uncertain whether the diminished bheta receptor function or
the adenyl cyclase activity is the underlying cause of
bronchial hyper-reactivity. If so, whether this defect is
acguired or inherited and does the @iminishod adenyl

cyclase activity vary with the severity of airways
obstruction or is drug induced.

The other question which still remains unresolved is
the presence of alvha adrenergic recevtors in human airwvays
and their role in the control of bronchomotor tone. There
ig a vast amount of literature on the presence of alvha
adrenergic receptors in smooth muscles of blood vessels and
their function in control of blood pressurc. However, in

the moét recent editions of Physiology and Pharmscology

139, 140

texthooks there ig a delightful blank so far as

aloha receptoré arc concerned in the bronchizl smooth

mascle. The main theme of the first vart of this thesis is
PART T (Physiological)

(a) To find more dircct evidence of the presence of alnha

adrenersic receviors in the human lung and their role

54




in ﬁhe control of bronchomotor tone in normal subjects
and asthmatic vatients.

(b) In addition, to study {he effect of alvha adrenergic
blocking drues on (i) histamine,'(ii) methacholine,
(iii) Prostaclandin F2 alpha, (iv) allergen, and
(v) exeroiée induced bhronchoconstriction in natients
with extrinsic agsthma, and

(c) 1o assgess the theraveutic significance of alvha
receptor hlocking drugs in the management of asthma.

(d) The place sodium cromoglycate-in management of
extrinsic bronchial asthma is now well established.
Although it has been shown to be effective in
preventing mast cell degranulation in the tyne I

141

allergic reaction and inhibiting both the
allergenl42 and exercise induced143 hroncho-
constriction‘the mechanism of its action im etild
uncertaine. There is some suggestion that sodium
cromoglycate is a cyclic vhosnhodiesterase inhihitor
and may acth by increasing the intracellular levels of

144, 145

cyclic AMP The effect of sodium
cromoglycate has bheen studied in Prostaglandin Tz

alpha and vost—exercise bronchoconstriction to commare

its effect to alvha recentor blocking drugs.

4
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Site of Bronchoconstriction

It has been rvevorted that nervously mediated
bronchoconstriction may overate at a different site in the

246, 147

airways from humoral bronchoconstriction

- Histamine or 2 histamine releaser (48/80) injected into the

right atrium has been shown to cause constriction of'
peripheral airways and alveolar ducts without affecting
the calibre of the larger conducting airways. Vagally
mediated bronchoconstriction, on the other hand, causes
bronchoconstriction in the larger airways, there heing

146, 147

little effect in the veripheral airways

29

and WOestijnel have postulated that individual variations

Bouhuys

in airways response to higtamine and hemp dust in cotton
workers is principally determined by vériaﬁions of
gympathetic tone. According to this hypothesis a subject
with peripherdl airways bronchoconstriction or 'flow-rale
response' may have relatively few sympathetic fibres in
peripheral airways so that the beta adrenergic activity
miéht be insufficient to counteract the broncheconstrictive
effect of histamine or hemp dust in these airvays.
Conversely, in a subject with conductance resvonse, the
symoathetic distribution might be ﬁredominantly to smaller
airways. This raises a question whether asthmatic
patients show such differing airways resuoﬁses following
vaerious vrovocation tests, i.e. beta blockade with
oronranclol or inhalation of histamine, methacholine,

Prostaglandin P, alpha or allergen challenge. To answer

2

this gquestion airways resistance and WEVI are measured
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gimultanéously during various provocation tests in vpaticnts

"with asthma and the sequence of these changes assessed.
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PART TT (Biochemical)

Leucocyte Adenyl Cvclase Activity in Asthma

There have been conflicting revnorts on the leucocyte
adenyl cyclase activity in patients with asthmalOY’ 108, 109.
" These differences afe probably arising from patient

gselection and failure to assess the severity of airways

obstruction at the time of leucocyte adenyl cyclase assay.

A more detailed physiological and clinical agsessment of

natients to relate the leucocyte activity to the activity

of asthma is required to elucidate the differences. The

aim of Part TI of the project is 1o study in detail

(a)  the leucocyte adenyl cyclase activify in patients

. with extrinsic asthma in relation to their symntoms

and the degree of ajirways obstruc%ion. In addition,

(b) the effect of alpha recevptor blocking drugs,
phentolaﬁine and ‘thymoxamine, on isoprenaline
stimulation of the leucocyte adenyl cyclase activity,
and also

(¢) Ouabain, a K' Na' activated ATPase inhibitor, on
isoprenaline stimulation of the leucocyte adenyl
cyclase activity.

Lymvhoecyte Cuanyl Cyclase Activity in Asthma

Although Polson et a1101 héVe suggested that enhanced
guanyl cyclase activity may increase mediator release and
bronchoconsgtriction in agthma, studies of cyclic G¥P in
asthmatic vatients are laoﬁing. It has recently been
revorted that guenyl cyclase activity is present in wvarious

tissuos including human lung and lymvhocytes. In the
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preliminary time-course experiments it was established

‘fhat the lymphocyte guanyl cyclase activity measured was

membrane bound. To investigale the proposed hypothesis

(a) lymphocyte guanyl cyclase activity and the resvponse
to alpha an@ cholinergic gtimulation in asthmatic
patients and normal subjects is investigated.

{(v) In addition, the effect of alpha receptor blocking
drug, thymoxamine, on guanyl pyclasé activity is also

studied.
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CHAPTER TII
VRIHODS
PART I (Physiological Bxperiments)

PATTENTS AND WORTAY, SURT=HOTS

Patients

Forty pa{ients, aged between 11 -~ 43, with extrinsic
bronchial asthma énd reversible airways obstruction have
been studied. These patients had vositive skin tests'to
inhalant allergens such as house dust, house dust nmite
(Dermatophagoids pteronyssinus), grass pollens or feathers,
a blood eosinophil count of over 500 qells/cu.mm, and an
IgE level above 100 ng./ml. Sixteen Datients had
asgociated atopic diseases such as eczema, allergic rhinitis
or hay fever, and.in twelve patients there was a family
higtory of atopic diseases. Detailed élinioal data on
ten of these patients, selected one from each section, is
presented in the Appendix.

Some of the matients were on daily maintenance therany
wi%h bronohodilaﬁors, sodivm cromoglycate or corticosteroids
either given orally or as aerosol (beclamethasone
dipropionate).  All therapy was discontinued for at least
24 hours before each exveriment.

Normal Subjects

Twenty two normal subjects, aged between 19 - 43 years,
have also been studied as a control grouvn. These subjects
were volunteers, they had no resviratory disease,; and no
personai or family hislory of bronchial asthma or atovnic

discase.
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Informed. Consent

The procedure of experiments was explained to all

patients and normal subjects, and an informed consent was

obtained in each case. In the study of exercis

ot

s¢ induced
asthma, which is more common in children, I have included

patients who are below 18 years of age.

In these vatients,
the nrocedure involved was explained to their varents and

informed consents were obtained from them.
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ATRYAYS MBCHANTCS

Measurement of FTVl and Alrwayas Resistance

A number of methods of guantitatively expressing the

rate of delivery of the forced vital capacity are used in

_assessing air flow obstruction in asthma. The most povular

is to measure the volume exvired in the first seoond'(FEV1)
with a spirometer and kymograph. Forced Bxpiratory Volume -
in 1 second (FEVl) is a much more sensitive index of
severity of airways obstruction than vital canacity. In
subjects with good motivation, the readings obltained are
reproducible and show less than 10% variability.

I used a dry air wedge spirometer manufactured by
Vitalograph Limited, Buckingham, Ingland. This spirometer
is portable and is easy to operate. The tracing obtained
on a calibrated chart is clezar and can be keot for fﬁture
reference. The odlibration of the spirometer is checked
periodically using one litre plastic syringe.

The forced expiratory manocuvre was exnlained and
demonstrated to each participant. Only after asscertaining
that the subject fully understood the wnrocedure, snd that
he had good motivation, was he included in any of the
experiments described. Three tracings of FﬂVl were
recorded at each step of the exveriment and the highest
value of FEVl was taken as the result for the event. The
vitalograph chart ig calibrated at Ambiont Temperature
Saturated water vapour pressure (ATPS) and therefore
requires only the temperature correction t0 convert the

F%V] at RNody Temnerature Ssturated waler vanour pressure

62



(meps). :

The resistance of the airways to the air flow throuch
them depends on the radius, iength and number of airways.
The body plethysmography affords a good technique for
measuring airways resistance (Raw} and thoracic gas wvolume
(Vtg)a ) Tho~priﬂgip1e and design of alconstant volume body
plethysmograph hasg been described in detail by Dubois and
his colleaguesl48’ 149,

The body plethysmograph (Pig. 1) which T used is a
constant volume type and was constructed by the Devartment
of Regional Physics and Biommngineering, Greater Glasgow
Health Doard. Tt is a 650 litre airtith wooden box with
a perspex window. The flow rate is measured by a I'leish
pneumoitachograph (range 0 — 50 litre) aﬁd a micromanometer
pressure transducer {Greer Mé Mercury Blectronics (Scotland)
Limiteds; range * 1Q mm. HQO). Pressure changes within the
box are measured by a similar micromanometer (range x 3 mm.
HZO)’ and both signals are amplified and displayed on the Y-
and X axis of a Lanscope lik IT oscilloscope. Pressure on
the mouth side of the shutiter is measured by a third Greer
M6 preséure trensducer (range ¥ 30 om. HEO) and reccorded on
the Y axis of the same scope snot.

A subject sits in the body vlethysmograph and as soon
as the door is closed thé vressure within the box ranidly
rises as the air inside is warmed and humidified by +the
subject. During this initial veriod the box is vented
periodically to the room outside by means of a solenoid

overated vaelve until the pregsure drift with the dooxr cloged
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ig so slight that it dbes not interfere with the

. measurements. The suhject then apnlies a nasal c¢lip and
vants shallowly through the pneumotachograph at
approximately two cycles per second and a flow rate of 0.5
litre ver second. During the vanting manoeuvre the slove
of the line generated on the Oscilloscope is air flow
divided by box pressure. This iz rapidly aligned by a
moving graticule on the oscilloscope face. The angular
movement of the graticule is integrated so that the tangent
for a given angle can be read directly on a visual disvlay
{tan 61). This modification simplifies the test procedure
and numerous estimations can bhe carried out in a short
period. A foot switch is then operated to occlude the
pneumotachograph while the subject is nanting, and also to
alter $the signal on the Y axis from air flow to mouth
Pressure. The slope now displaced on the oscilloscope is
mouth vregsure divided by box pressure and the tangent of
this angle is rcad by the same techniaue (tan @2)v Raw
can be calculated by dividing the flow rate by mouth

ff? eg). The
tan 91

pressure, i.e. the mouth pressure (

resistance of pneumotachogravh at a flow rate of 0.5 litre

20 sec. and this value is

subtracted from the total résistance to give Raw of the

per second is. 0.48 litres/cm.H

gubjects. The thoracic gas‘volume (Vtg) is calculated
from the mouth pressure measurement (tan 62) as outlined
by Dubois et al (1956)145,

The regult of Raw is exoressed as Svccific Alrways

gonductonce (Shew) which is derived by dividing the
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reciorocal of Raw by the {thoracic gas volume at which Raw

“ig measured (SGaw = 1 ). Thig index is useful in

-

Raw x Vig
comparing individual subjects of differing size and is now
generally accepted as a standard method of expresging
airweys resistance. ;

“The technigue of vanting was demonstrated by a trained
technician to each subject on his first attendance. He
was asked to oractice vanting until satisfacltory and
reproducible slopes were recorded. A mean of four
recordings was taken to give SGaw for each step of the
gxperiment. The calibration of signals on the
oscilloscope were checked daily. The calibration factors
of the bhody plethysmograph are as‘fbllowus

Flow

ot

200 litres/min. = 10 cm. deflection on Y

axis of oscilloscovpe (Pressure range +

10 mm. HEO).

Kouth Pressure: 200 mm. HQO = 10 cm. deflection Y axis
(Pressure range X 30 cm. HEO)‘

Box Pressure 2 50 ml. injected at é cycles/seo. = 10 cm.

deflection X aﬁis (Pressure range x 3 mm.

H20)..

Iethods of Webulisation

Drugs given by inhalation were nebulised with a
Wright's nebuliser using compressed air at a flow rate of
8 1litres per minute and cylinder pressure not less than
10 1bs. ver sg. ine 4 Yright's nebuliser has a canacity of

15 ml. and 8 - 16 ml. of water can be nebulised oer hour.
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As this Volﬁme varies hetween nebulisors9 the rate of
nebulisation of the three nebulisers used during this study
were calibrated and the time taken to nebulise 1 ml. of
normal saline was marked on eéch. A short vinyl tubing
connected the nebuliser to a face mask (polymask or Tudson
mask). ° The lenéth of the tubing was kent short so that a
subject could hold the nebuliser in front of hisg face and
this also avoided excesggive condensation of the aecrosol
along the length of the ftubing.

The subject wore a.comfortable mask and was asked to
breathe deeply and evenly through a widely oven mcuth.
The volume of drug nehbulised was oalcﬁlatéd Tfrom the
difference in the volume of drug bgfore and after
nebulisation. By this method it is only possible to
measure the amount of drug nebulised. The exaclt amount
of drug going into the lung is difficult to assess as this
has been known to vary greatly, and even with the best of
technigques the amount reaching the lungs does not exceed
104, Some amount of drug is also absorbed firom
buccopharyngeal mucosa and from gastrointestinal traci.

Sodium cromoglycate and phenoxybenzamine were administered

throush a spinhaler (¥isons Phermaceutical Limited).
Drugs Used

Higtamine dihydfochloride and methacholine chloride
were obtained in vowder form and dissolved in digtilled
water to give a concentration of 200 ugm. ver ml. and

2.5 mem. vper mle. resnectively. These solutions were made

un fTresh before the experiments,
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Stock drugs used were 0.5% phenylevhrine hydrochloride
solution (Boots Pure Drug Company Limited, U;K.),
Propranolol (I.C.I. Limited, U.K.), 1.5¢ thymoxamine
hydrochloride (¥. R. Warner & Company Limited),

. phenoxybengamine powder (Smith, Kline & French Laboratories
Limitod), 0.5 vhentolamine (CIBA ﬂéboratories Limitéd),
sodium cromoglycate (FPisons Pharmaceutical Limited), 0.06%
atronine sulphate (Antigen Limited, Ireland), Prostaglendin
F2 alpha (Armour Pharmaceutical Comvany Limited), allergen
inhalation test solutions (Bencard Division, Beecham
Research Laboratories Limited, U.X.) and 1% Isoprenaline
solution {BeP.C.). Prostaglandin F2 alpha was diluted

to give a final concentration of 50 ugm. per ml., and the

antigen solution was diluted in water to give a

concentration of 500 protein nitrogen units (pnu) per ml.



8.0

" 8.1

AT, PHA RECWPTORS TN ASTHMA

" Response o Phenvlevnhrine After Tlockade of Alpha and Beta

Mrenergic Receptors

Six patients, aged between 15 - 23 years, with
extrinsic bronchial asthma and five normal subjects, aged
between 19 ~ 26 &earﬂ, were i;vestigated. After recording
the baseline FEVI and 30aw ecach subject inhaled 5 mgm. of
phenylephrine hydrochloride soiution (O.S%) through a
Wright's nebuliser. FEVl and 30aw measurements were
repeated 5 minutes after the end of inhalation. All
subjects were then given propranolol orally. . Normal
subjects received 120 mgm. while asthmatié ratients
received 20 — 30 wmgm. FEVl and SGaw were recorded 45 and
60 minutes éfter prooranclol administration. At 60 minutes
phenylephrine inhalation was repeated and thereafter the
FEVl and SGaw were recorded at 2, 5 and 10 minutes.
Asthmatic patients inhaled 80 ugm. of igoprenaline aerosol
at the:end of the test and FEVl-and SGaw were recorded 10
miﬁutes later.

The procedure described above was repeated in the six
agsthmatic patients. At the time they were given
propraﬁolol each Daticﬁt inhaled 10 mgm. of phenoxybenzamine
hydrochloride disvensed in a capsule with 20 mgm. of lactose
from a spinhaier. In four vatients the test was reveated
after inhalation of 15 mgm. of thymoxamine throush a
Wright's nebuliser. Thymoxémine was not {tolerated by two

further patients because of its bitter taste and throat

irritation.
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The éffect of 5 mgm. of phenylephrine hydrochloride
onAFmvl agd Staw after prior beta blockade with 5 mem. of
nropranclol was studied in tén more pabients with extrinsic
agsthma. After recording the baseline'FEVl and SCGaw,

5 mgm. of propranoclol was given intravenously to each
patien%'and‘FEVI.and SGaw measured at 5, 10, 15 and 20
minutes. At 20 minutes, 5 mgm. of phenylephrine
hydrochloride was given by inhalation and thereafter the
FEVl and SGaw were recorded at 2, 4, 6 and 8 minutes.
Asthmatic subjects inhdled 80 ugm. of isoprenaline aerosol
at the end of the test and FEVl and SGaw were recorded 10
minutes later, Similar procedure wes cafried cut in five
normal subjects but these subjects received 10 mgm. of

propranclol intravenously.

Resvonse to Fhenylevhrine After Prior Beta and Cholinergic

Blockade

I% has been suggested that propranclol induced
bronchoconstriction in asthmatic patients may bhe mediated

thfough vagai over—éotivitylgl

. Under such a situation

it can be argued that the bronchoconstriction induced by
vhenylevhrine in presence of beta blockade is due to 2
non-specific effect of this drug on irritant cholinersic
receptors in the airways, and not due to its specific alnha
recevtor activity. To clarify this further, six vatients
with extrinsic bronchial asthma were investigated. The
test procedure was similar to the one described in the
previous experiment. After establishing the baseline

SGaw, each subject inheled 1.2 mgm. of atropins rulvhateo
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from a Wright's nebuliser. SCGaw was measurcd al 2, 5 and
10 minutes. At 10 minutes, each patient received 5 mgm.
of propranoclol intravenously and the test procedure

thereafter has bheen described above.

-Thymoxamine in Histamine Induced Bronchocongiriction

In 1970, T reported that histamine induced
bronchoconstriction can be inhibited by alpha receptor
blocking drugs, phentolamine and phenoxybenzamine.

However, both these drugs have additional effects and
criticism was raised at the {time that the observed effects
could have resulted from antihistaminic and atromnine-like
activities of phentolamine and phenoxybeniamine.

In recent years a new alpha receptor blocking drug,
thymoxamine, has been introduced in clihioal practice.

The pharmacology of thymoxamine was described by

Birmingham andlSzolésayni (1965)150 and its relation %o
phentolamine by Brownlee (1966)151. Tt is the most
specific alpha receptor blocking drug and is without the
miied action seen with other alvha receptor blocking drugs,
such ag phenoxybengamine and phentolamine. Our
observations of alpha receptor hlockade on histamine induced
bronchoconstriction have been confifmed by others using

= .
152, 1)3~ To confirm these observations eight

thymoxamine
patients with extrinsic bronchial asthma, aged between

15 - 30 years, were investigated.

Higtamine test

After establicshing the baszcline FEVl, each subject

inhaled normal saline for 2 minutes throush a “right's
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nebuliser. FEVl was recorded at 5 and 10 minuvtes after

" placebo inhalation. At 10 minutes, each patient inhaled

200 ugm., of histamine dihydrochloride through a 'right's
nebuliser. FEVl was recorded at 2 minutes after
inhalation and thereafter at regular intervals for 30
minutes. |

The test nrocedure described above wag repeated in the
eight asthmatic patienis. On this occaéion, each patient
inhaled 15 mgm. of thymoxamine hydrochloride (1.5@ solution)

through a Wright's nebuliser instead of normal saline.

Thymoxamine in Methacholine Induced Rronchocongtriction

Although acetylcholine, the cholinergic neuro-

trangmitter, is not released during allergic reaction, it

37

has profound effects on the alrways of asthmatic patients~'.

45 br

According to Szentivayni onchial hyver-reactivity to
chemical mediators and acetylcholine regsults from a

functional imbalance between the alpha and beta adrenergic

"receptoras in the airways. In order to assess the role of

alpha receptors on the bronchial hyper-reactivity to
cholinergic agents, T studied eight vatients, aged between
15 - 30 years, with extrinsic asthma.

Methacholine inhalation test

The procedure Tor this test wos exactly the same as
for the histamine inhalation test. Tnstead of histamine
the patient inhaled 800 ugm. of methacholine chloride
(2.5 golution) through a Wrisght's nebuliser. The test
vprocedure was reveabted in the cight patientg after

inhalation of 15 mem. of thymoxamine hwdrochloride throush
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suggested that the effect of vrostaglendin T

a Wright's nebuliser. FEVI was measured o assess the
effects.

Thymoxamine, Atropine and Sodium Cromoglycate in

Progtaslandin P, alpha Tnduced Bronchocongtriction
[

In recent years there has been an increaging interest

.

in the role of vrostaglandin F2 alvha in the pathogenesis of
asthma. Prostaglandin F2 alnha ig released from wmammalian

lunges during anaphylactic reaction and by various chemical

(35, 154,

and mechanical stimuli Prostaglandin F? alvha is a

potent bronchoconstrictor to which patients with asthma are
exquisitely sensitive. Recent biochemical work has

o alpha may be
mediated through guanyl cyclase system, which is known to

. " . 60, 61,

be activated by cholinergic agents ’
. . 62 . .

receptor stimulation . In light of these observations,

and also by alpha

T studied the effect of prostaglandin F2 aloha by inhalation
on FEVl and SCaw in six patients, aged between 15 - 37 vears,
with extrinsic bronchial asthma, and tested the effect of
1h§moxamine,-atronine and sodium cromoglyoate (SCG) on
prostaglandin F2 alpha induced bronchoconstriction in these
patients.
Procedure

After establishing the baseline FEVl and S8Gaw, each
patient inhaled 0.5 ml. of prostaglandin FE alnha (50 ugm .
oer ml.j solution through a Wright's nebuliser. FEVl and
Saw measurements were recorded 2 minutes after the

inhalation, and thereafter at 5 minute intervals for 25

minutes.
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/

"patients. Ten minubes before the prostaglandin ¥

The ﬁesﬁ procedure was repealted three times in all

o aloha
inhalation, each reccived 1.2 mgm. of atropiné sulnhate or
40 mgm. of sodium cromoglycate or 15 mgm. of thymoxamine
hydrochloride. Atrovine sulphate and thymoxamine were
given by-inhalatibn through a'WPight's nebuliser and sodium

cromoglycate was inhaled using a soinhaler.

Thymoxamine in Allergen Induced Bronchoconstriction

I+ has recently.been shown that alphs recepﬁof
stimulation enhances histamine release from sengitised human
leuvcocytes in the tyne I allergic reaction. ‘To extend
this exverimental observation to in vivo éituation, I
studied the effect of thymoxamine given intravenously and
by inhalation on allergen induced bronéhoconsﬁriction in
ten patients, aged between 18 - 46 years, with extrinsic
bronchial asthma. ‘

Allercen inhalation test

Standerd solutions of house.dust or pollen extract
(500 protein nitrogen units per ml.) were used. After
recording the baseline SGaw, each patient received 2 ml. of
gterile normal saline intravenously. FPive minutes later
he inhéled an.annropriéte allergen solution through a
Wright's nebulisger until he develoved sympioms of airways
obstruction. 'SGaw wag recorded 5 minutes after the
inhalation and thereafter at regular intervals for 60
minutes. On a different day (allowing at lcast three days
between tests), the allergen inhalation test was reveated

in each vatient after intravenous administration of
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thymoxamine (0.1 mgm. ver kg. body weizht).  Tn two

“patients {No. 3 and 10 - Table X&vil), allersen challenge was

repeated after inhalation of 15 mgm. of thymoxamine (1.5%9)

throush a Wrightt's nebuliser. In one vatient (Vo. 10) the

dose of allergen inhaled after thymoxamine was doubled.

.

Thymoxamine in Poétmﬂxeroise Bronchoconstriction

Txercise induced bronchocongtriction im a well
recognised phenomenon in bronchial asﬁhmélss and in some
patients exercise may act as the pfedominant or even ‘the
only precipitating stimulus of bronchoconstriction. The
mechanism of exercise asthma still remains uncertain.

One possibility is that noradrenaline, a ﬁowerful alvha
recentor agonist, released during strenuous exercise may
give rise to alvha stimulation and 1ead to broncho-
constriction. -

To test this hypothesis, thirteen patients, aged
between 11 - 23 years, with extrinsic bronchial asthma who
develoned post-exercise bronohoéonsﬁriction were studied.
In~addition, the effect of sodium c¢romoglycate was compared
with thet of thymoxamine.

Exercise test

I+t has recently been reported that high efficicncy
negative work, namely runnirng al near maximal work loads
for 8 minutes, vproves as a more potent stimulus for

bronchoconsgtriction than other patterns of exercise

testslsé. Using thisg method, exercise tests were carried

out in symptom—free meriods. mach test consisted of
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steady state exercise of running on an inelined treadmill

.(100) for'up to 8 m}nutes, The speed of the treadmill was

adjusted so that the patient's pulse rate'at the end of
exercise was at least 180 per minute. FEVl was recorded
at 2 minutes after exercise and thereafter at regular
intervalé for the next 30 minutes.

In these thirteen patients, the test was reneated
after inhalation of saline, thymoxamine and sodium
cromoglycate. The order of drug %réatment was randomised.
In the control test, the patient inhaled normal galine
through a Wright's nebuliser. The exercise test was
repeated in each patient on different dayé after inhalation
of 15 mgm. of thymoxamine hydrochloride solution (1.5%
solution) or 40 mgm. of sodium cromoglycate through a
spinhaler 15 minutes before exercise.

Alpha Recevtor Blockine Drugs Alone and in combination with

Tsoprenaline on the SGaw

Tn vitro biochemical studies (discussed in Part TT),
it-was noted that diminished beta recevtor function in the
leucocytes could be restored towards normal by alvha
receptor blocking drugs, thymoxamine and phentolamine.

To investigate the theraveutic implication of this
biochemical observation, I studied the effect of =zlvha
recevior blocking drugs, thymoxamine and phentolamine, in
ten vatients, aged between 17 - 43 years, with extrinsic
bronchial asthma. Rach pétien% inhaled normal ssoline,

15 mgm. of thymoxamine (1.5%), 0.5 ml. of isoprenaline

15



(1) or a mixture of 0.5 ml. of isoprenaline and 1 mle. of
%hymoxamiﬁe through_a Wright's nebuliser. The crder of
inhalations was randomised. SGaw was measured before the
inhalations and at 5 minute intervals for 30 minutes after
“each treatment. Iﬁ three patients, who developed
bronchospasm after thymoxamine administration, the test was

repeated after inhalation of 5 mgm. of phentolamine (0.5%).
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9.0

9.1

No.

PHYSTIOLOGICAL EMWEGTS O DRONCTOCONSTRICTICON

The Site of Bronchooonstrio%ion and the Relationshin of -

Resvonsge o Initial Bronchomotor Tone

It is known that alrways resistance predominantly

reflects changes in large airways whereas TRV, is determined

1

mainly by the elastic recoil of the lung and the resistence
. . 129 . N , .

of the peripheral airways . To study the effects of

higtamine, methacholine, allergen challenge, provranolol

and prostaglandin F2 aloha on the airways of asthmatic

patients FEVl and SGaw were measured simultaneously after

various vrovocation tests. The dose .0of bronchoactive agent

used and procedure of inhaletion has been described in the

previous section. The number of patients studied in each

group is as follows:

of Patients Age range Bronchoactive agent Dose

16 15 « 37 years Histemine dihydrochloride 200 ugm.
15 15 - 37 years MNethacholine chloride 800 ugm.
15 15 - 44 years House dust or grass
| | pollen 150 v»nu
12 15 -~ 30 years Prooranolol 5 mgm. IV
7 15 —~ 23 years Prostaglandin F2 alvha 8 ugm.
(pou ¢ Protein nitrogen units)

Analysis of data

1. The mean percentaze fz2l11 in FEVl and 30aw induced by
each agent was vlotted against-time Lo assess time

gsequence of alirways responses.
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To investigate whether the absolute fall in FEVl and.
SGaw had any relationship to the baseline FEVl and
SGaw, the changes were vlotied against baseline values
and correlation factors calculated. To do this the

results of 65 tests with various agents were vooled.
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10.0

10.1

HAPTER IIT
RASULTS

Physiological Etxperiments

ALPHA RUCEPTORS IV ASTHMA

Resnonse to Phenvlerhrine After Prior Blockade of Alvha and

Beta Receptors

This investigation was designed to study the effect of
alpha stimulation on the airways of patiénts with extrinsic
bronchial asthmz and normal subjects. The mean results
are given in tables IT and TIT. In six patients, first
phenylephrine produced a significant bronchodilatation and
an increase in the mean FEVl and SGaw by 10% and 26%
respectively (P< .005). I'ollowing oral propranclol, the
mean FEV, fell by 189 and the meen SGaw by 51% at 60 minutes
(P<.05). Phienylephrine inhalation repeated at 60 minutes
produced bronchoconstriction and a further. . fall in the mean
PEV, by 17% and the mean SGaw by 199.  The fall in TEV,
and. SGaﬁ obgerved at 2, 5 and ld minutes remained significant
thfoughout the test as commared to readings at 60 minutes
before the second vhenylephrine inhalation (P £.005 and

<.001). Isoprenaline inhalation at the end of the

investigation_increased the mean FEVl by 22% and the mean
SGaw by 17%, however, the mean FEVl was s4ill 127 and the
mean SGaw 53% felow the baseline recordings (Figs. 2 and 3).

Tn five normal subjects the mean FEVl did not change
significantly after inhalation of phenylephrine nor was
there any significant change in FEVl and SGQW nroduced by

beta sdrenergic blockade (P >.10). In each subjecct, alter
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120 mg s;of proﬁranolol, reveat inhalation had litile
effect on FEVI or SGaw (tables IV and V, Fig. 4).

As in the control experiﬁgnﬁ, the firsgt inhalation of
phenylevhrine vroduced bronchodilatatién and an increase in
the mean fEVl and, SGaw 5y 9% and 299 respectively.  After
probranélol.admiﬁistration and phenoxybenzamine or
thymoxamine the méan FEVl fell by 10% and the mean SCGaw by
19% at 60 minutes. The mean fall in FEV1 and Staw effected
by pronfanolol, phenoxybenzamine or thymoxamine was smaller
than that observed when propranolol was given alone.
However, the difference in the results was not staiistically
gignificant (P».10). Phenylephrine inhalation reveated at
60 minutes ﬁroduoed bronchodilatation and an increase in the
mean Fbvl by 8% and the mean SCaw by 14%. The resvonse to
phenylephrine in the presence of alpha dnd beta Dblockade
was significant compared to the effect of phenylevhrine in
the presence of heta hlockade alone.‘ Isonrenaline
inhalation at the end of the test increased the mean WLV

1
by 5% and the mean SGaw by 22¢.  The mean FEV, was 3% and
the mean SGaw 174 above haseline recordings (Fiqs. 2 and 3,
tables VI and VII). .

Additional exneriments

The effect of alvrha stimulation on the FEVl‘and SGaw
was studied in a further 10 natients with extrinsic asthma
and 5 normal subjects. The results of this investigation

are given in tables VIIT and IX.
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Beta adrenergic biockade with 5 mgm. of »nronranoclol
given intfavenously\nroduoed a significant fall in the mean
FEVl and SGaw in 10 patients with exitrinsic asthma (P .005
and €.001), the fall in the mean FFVl and SCaw being 20¢ and

‘414 resvectively at 20 minutes ofter provranolol

administretion. Phenylephrine inhéiation at 20 minutes
produced bhronchoconshriction and a further Tfall in the mean
PRV, by 155 and the mean SGaw by 274 (Fig. 5, P¢ .001).
Isoprenaline inhalation at the end of the investigation

g
increased the mean FEV, by 157 and the mean SGaw by 28,
however, the mean FEVl was still 19¢ and the mean SCaw 319
below the baseline readings. |

In the 5 normal subjects 10 mgm. of prorranolol given
intravenously failed to cause a significant change in the
mean FEVl and SGaw,Aand phenyleohrine by inhalation at 20
minutes also failed to cause a significant change in both
the PEV, and SGaw (table X, FPig. 6).

Resnonse to Fhenyleohrine After Prior Blocknrde of Beta and

Cholinersic Recevtors

There is a possibility that bronchoconsiriction caused
by phenylevhrine in the previous investigation could have
resulted from stimulation of irritant cholinergic recentor
. . 158 m s RS, ,
in the airweys . To rule out this opossibility airwveys
regpnonse to ohenylephrine after nrior beta and cholinergic

blockade was studied in six matients with extrinsic bhronchial

agthma.
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Fig., 2 THE EFFECT of PHENYLEPHRINE INHALATON on MEAN FEY| BEFORE and AFTER BETA ADRENERGIC
BLOCKADE In SIX PATIENTS with EXTRINSIC BRONCHIAL ASTHMA,
THE PHENYLEPHRIE EFFECT is COMPLETELY INHIBITED by PRIOR ADMINISTRATION of
PHENOXBENZAMINE or THYOXAMINE
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Pig. 3 EFFECTof PHENYLE PHRINE INHILATION on MEAN SGAW BEFORE and AFTER BETA ADRENERGIC BLOCKADE
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In SBX PATIENTS with EXTRINSIC BRONCHIAL ASTHMA THE PHENYLEPHRINE EFFECT is COMPLETELY
INHIBITED by PRIOR ADMINISTRATION of PHENOX YBENZAMINE or THYMOXAMINE.
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and SGaw after beta adrenergic blockade in
10 patients with extrinsic asthma.
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The results of this investigation are given in table

T XT. In six patients, altropine by inhalation nroduced a

significant bronchodilatation and an inoreasé in the mean
SGaw by 53% at 10 minutes. After propvpranolol
administration, the mean SGaw fell by 10% at 20 minutes.
Phenylephring inﬁalation in tke presence of beta and
ch&linergic blockade caused bronchoconstriction and a fall
in the mean SGaw by 33%. The fall in SGaw observed at 2y
4, 6 and 8 minutes remained highl# signific?nt throuvghout
the test as compared to readings at 20 minutes before
phenylephrine inhalation (P € .001).  Isoprenaline
inhalation alt the end of the investigatioh increased the
mean SGaw by 41¢ (Fig. 7).

Thymoxamine in Histamine Induced PRronchoconstriciion

The results of this investigation are given in table
X171, Histamine dihydrochloride given by.ighalation
caused a significant fall in the mean FEVl in 10 patients
with extrinsic asthma. The maximal fall in AV, was 40F
aﬂd occurred at 2 minutes after the inhalation.

Thereafter there was a gradual restitution in the Fﬁvl

in the followinz 30 minutes. In nresence of aloha
blockaﬁe with thymoxamine, histamine inhalation vroduced a
smaller fall in FIV, as compared to the fall in IV
produced by hisﬁamine alone. The maximal fall in val
was 207 at 2 minutes and thereafter there was gradual
regtitution in the FEVl in the following 30 minutes
(rig. 8). The inhibiting effect of thymoxamine on

higtemine induced fall in the FEV1 was statistically

82
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significant (P <’.05j° The results of this investigation

suggest that aloha blockade can inhibit histamine induced

bronchoconstriction in patients with asthma.

Thymoxamine in Methscholine ¥Tnduced Bronchoconstriction

The results of this investigation are given in fable
XITT. In eight patients, 800 ugm.Aof methacholine c;hloride9
a powerful cholinergic agonist, produced a significant fall
in the mean FEVl. The maximal fall in the mean ‘FEV1 was
41% and occurred at 2 minutes (Fig. 9).  The fall in TRy,
was highly significant (P < «001). - In the following 30
minutes there was a gradual restitubtion in the FEVI.

Tn these eight patients, thymoxamine éiven by
inha;ation did not produce a significant change in the mean
FEVl and. methacholine inhalation 10 miﬁutes later wroduced
a maximal fall in the mean F&V, of 47% at 2 minutes.

There was no significant difference between the maximal
fall in FEVl produced by methacholine alone and that
produced by methacholine after vpre-~treatment with
th&moxamine (P » .10). These results suggest that
thymoxamine had no effect on methacholine induced broncho-

constriction (Fig. 9).

Thymoxamine, Atropine and Sodium Cromoslycate in

Prostaclandin ¥, Alvha Induced Rroncheconstriction
=

The detailed results of changes in FEVl and SGaw
produced by vrostasglandin F2 alvha and the effect of
various drug treatments in‘six patients are "given in tables
XIV and XV. Pros%aglandin FE alnha inhelation onroduced

maximal fall in the mean FTV] and. 5Gaw of 325 and B3¢
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respechively which occurred at 5 minutes after inhalation.
The falls in FEVI and SGaw were highly significant (P < .01
and P £ .,001). In 25 minutes thereafter there was a

gradual restitution in bhoth the P and SGaw {Pigs. 10

1
and 11).

In these six patients atropine sulvhate by inhalation

1

and the bronchodilatation vroduced by altronine was

increased the mean FSV. and SGaw by 9% and 6745 respectively

significant (P ¢ .025). Prostaglandin inhaletion 10

mninutes later produced ‘a fall in the mean FIV. and Staw of

1
10% and 20% respectively. There was a statistically
gignificant difference between the maximal fallsg in FEVI

and SCGaw produced by prostaglandin_Fz alpvha alone and that
produced by prostaglandin F2 alvhs aftér pre~treatment with
atropine (P ’4 .05). These results suggest that prior
inhalation of atrovine sulvhate partially inhibhited the
bronchoconstriction induced by prostaglandin F2 aloha.

Sodium cromoglycate and thymoxamine inhalations did not
préduoe a significaht change in the mean FEVl and S0aw.
Turther, both these drugs failed to inhibit nrostaglandin
F2 alpha induced bronchoconstriction (P v «10, ftables, IV
and XV, Figs. 10 and 11).

Thymoxamine in Allergen Induced Bronchoconsiriction

The results of this investigoation are given in table
XVI. In ten patients with extrinszic bronchial asthma,
allergen inhalation produced a significant fall in the

mean SGaw (P < .01). The maximzl fall in the mean SGaw

84
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was 597 ét 15 minutes and thereafter fhere was a gradual
restitution in the 3Gaw (Fig. 12).

Following intravenous th&moxamine, & smaller fall in
the mean SGaw was observed. The maxiﬁml fall in the mean
Saw was 35% at 25 minutes. The inhibition obtained with
thymoxamine ﬁas étatistioally significant (P < .025)u The
effect of intravehous thymoxamine on allergen induced
bronchoconstriction varied greatly in individual natiepts.
In six patients (Nos. 1, 2, 3, 5, 7 and 10, tables in the
Appendix) the allergen provoked bronchosvasm was comvletely
or partially inhibited whereas in four patients (¥os. 4, 6,
8 and 9, tables XLVI and XLVIT) thymoxamiﬁe had no effect
in this resnect. .

Thymoxamine given by inhalation aléd inhibited allergen
provoked bronchoconsitriction in twe patiénﬁs (Nos. 3 and 10,
tables XLVI and XLVII) and in one of these patients this
protection was maintained even when the dose of allergen
inhaled was doubled {(Figs. 13 and 14).

Thymoxamine given intravenously did not cause a
significent fall in blood vressure in any of the vatients
and none comnlained of any side-efTects. .

Thymoxamine and Sodium Cromoslycate in Pogt--TUxercise

PBronchoconstriction

The results are given in table XVIT. In thirteen
patients the maximal fall in the mean ?Evl after treadmill
exercise was 35 and occurred at 5 minutes. Thereafter

there was a gradual restitution in FEVl over the next 25




minutes (Fig. 16).  The fall in FEVl‘was highly
significant (P < .001).

When the patients were Dfe~treated with thymoxamine,
the maximal fall in the mean FEVl was S@ and occurred 5
minutcs after exercise. Thereafter the ‘FEV1 returned to
the baséline‘valﬁe over the next 25 minutes. The fall in
mean FEV, was statistically significan%‘(P < .05).

However, when the falls in FEVl induced by exercisc in.the
control test and after thymoxamine treatment were comvared,
the inhibitory effect of thymoxamine on post-exercise
bronchoconstriction was found to be h;ghly gignificant

(p ¢ .01, Pig. 16).

When the exercise test was repeated after inhalation of
sodium cromoglycate, the maximal fall in mean FEVI was 10%
and occurred 5 minutes after exercise. » Thereafter the
mean FEVl returned to the baseline value over the next 25
minutes. The fall in mean FEVl at 5 minutes was
significant (P < .025). However, when the falls in ﬁEVl
induced by exercise in the control test and after sodium
cromoglycate treatment were compared, the inhibitory effect
of sodium cromoglycate on vost—-exercise bronchoconstriction
was found to be highly significant (P < .01).

The inhibitory effect of thymoxamine and sodium
cromoglycate on vost-exercise bronchoconsiriction in
vatients with bronchial asthma wasg comverable and no
statistical difference was found between the two drug

treatments (t test = 0.3, P 3 .10, Fig. 16).
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Aloha Recevtor Rlocking Drugs Alone and in combination with

Isoprensline on SGaw

The results of this investigation are given in table

XVITY. Saline inhalation did not cause a significant

. change in S5CGaw. The maximal inerease in the mean SGaw

was 45% after thymoxamine or phentoiamine inhalation;
however, this increase was significantly less than the
increase in mean SGaw achieved with isoprenaline, 1224,
When isoprenaline and thymoxamine were administered
together the mean SGaw increased by 200% from the baseline
value of SGaw (Figs. 17 and 18). There was a highly
significant difference between the bronchodilatation
achieved with isonrenaline alone and that achieved with
isoprenaline plus thymoxamine or phentolamine (P < .OOl).
The results of this investigation supvort the biochemical
work reported in Péré ITI that alpha receptor blocking drugs

potentiate the effect of beta receptor stimulants.
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blockade in 6 patients with extrinsic bronchial
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Pig. 8. Tffect of thymoxamine on histamine induced
fall in the mean FEVy in 8 patients with asthma.
The histamine induced bronchoconstriction was
partially inhibited by alvha blockade with -
thymoxamine.
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Pig. 9. Effect of thymoxamine on me'{;hacholine induced

Tall in the mean FIV., in 8 vatients with
extrinsic agthma. ‘Thymoxamine failed to
inhibit methacholine induced bronchoconstriction
in these patients.
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Fig. 10. The effect of atropine (ATR), sodium cromoglycate {SC@)
and thymoxamine (THY) on PG, o induced fall in the mean
TEVY in 6 patients with asthma.
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Mig. 1l1.  The effect of ATR, SCG¢ and THY on POT. % induced fall
in the mean Staw in 6 patients with ’
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Fig. 12. Effect of thymoxamine on allergen induced fall in the
mean SGaw in 10 patients with asthma.
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Fig. 14. Bffect of thymoxamine by inhalation on allergen induced
fall in SCGaw in patient Wo. 10 (table XLVII).
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Tige 13. Effect of thymoxamine by inhalation on allergen induced
fall in the Staw in patient ilo. 3 {(table xnvTi).
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Fig, 15. Values of FEV., before and after treadmill exercise in 13
. patients with asthma and the effect of thymoxamine and

o godium cromoglycatle.
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Fig. 16. Bffect of thymoxamine and sodium cromoglycate on the
mean Tall in ¥ after treadmill execrcise. Post-
exercise bronchoconstriction was inhibited by
thymoxamine and sodium cromoglycate.
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Pige 17. Values of SGaw after saline, thymoxamine or phentolamine,

isoprenaline and isooprenaline + thymoxamine or
phentolamine in 10 patients with asthma.
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Fig. 18. Wffect of saline, thymoxamine or phentolamine,

isoprenaline and isovprenaline + thymoxamine or
phentolamine on the mean SGaw in 10 valients with asthma.
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11.1

11.2

PIIYSTOLOGICAT, TFFECTS OF BRONCHOCONSTRICTION

Bite of Bronchoconstriction

As summarised in the method section, 65 provocation
tests with different bronchoactive ageﬁts were carried out.
The ‘time~-response relationship of fall in FEVl and SGaw to
these agents are given in figures 19, 20, 21 and 22. The
maximal fall in FEVl and SGaw and the recovery in both
these assessments thereafter occurred simultaneously. . Tn
these 65 provocation tests, no differentiation into *flow!
or 'conductance! respoﬁders as provosed by Bouhuys et a1129
could be mede. These results sugeest that broncho~
constriction induced by histamine, methacﬁoline, allerpgen
challenge, beta blockade and prostaglandin F2 alnha ooccurs

simultaneously in the central and peripheral airways.

ey

On combining the results of the fall in SGaw vroduced
by hisgtamine, methacholine, allergen challenge, heta

hlockade and prostaglandin F_, alpha in the 65 provocation

2
teéts (tableé XIX - XXTIIT) and relating the chanse 1o the
baseiing value of SCaw, a significant correlation was
observed (r = 0.76, t test = 9.21, P ¢ .001, Fig. 23).
The patienlt who had the highest baseline SGaw had the
greatest fall in SGaw following any of the provdcation
manoeuvres. These results are in accord with Starling's

159

law of heart muscle and can be derived mathematically

(Page 162).




On the other hand, the fall in FEV1 produced by
‘histamine, methacholine, allergen challenge, beta blockade

and prostaglandin I’,, alpha did not relate 1o baseline value

2
of FEV, (r = 0,02, t test = 0.08, P % .10, Pig. 24).
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Table XIX

Kaximom fall in FEV1 and SGaw produced by histamine

inhalation in 16 patients with asthme

Ko. Age . Sex TRV,  SGaw
Baseline Change Baseline Change
1. 18 F 2.0 1,00 0.087 0.066
2. \ 23 i 3.70 1,05 0,090 0. 050
3. 1‘| 20 i 3.05 1.45 0.079 0. 065
b 37 i 1,30 0,45 0. Ol 0.013
5. 15 M 5.20 1.20 0.068 0,038
6. 19 M 3,30 1.30 0,083 0.055
7. 21 F 2.70 1.65 0.092 0.071
8. 22 i 2.60 1.60 0.093 0. 066
9.° 30 P 2.60 0.25 6.207 0.160
10, 33 M 2.25 0.85 0.188 0,074
M. 31 i 3,20 10.40 0.179 0.082
12, 19 F 2.65 1.15 0.103 0.085
13, 29 M 2.40 o.§5 0.082 0. 061
1h 28 M. 2.70 0.75 0. 05 0.031
15, 21 M Lo 4O 1,70 0.185 0,15
16. 33 M . 3,00 1.80 0.065 0,043
iiean 2.84 1.10 0.106 0.070
SEN 0.17 0.12 0.013 0.009




Table XX

Masximum fall in ].?‘E“\T1 and SGaw produced by methacholine

inhalation in 15 patients with asthma

No. Age Sex FEV ’ SGaw
Baseline - Change Baseline Change
1. 18 ? 2.50 1.55 0.115 '00050
2. 23 M 3.35 1.65 0.188 0.160
3 20 51 3.15 1.95 0.113 0.069
Mo 17 M 2.70 0.85 0.108 0,064
5. 15 M 2.90 1.70 0.312 0,161
6. 20 M 3.70 2.70 0.123 0.5
7. 21 F 2,70 1.50 0.136 0,108
8. 33 F 2.25 0.45 0,141 0.099
9. 31 M 3.25 1.40 0.167 0.141
10. 30 I 3.70 1.45 0.053 0.037_
(A 28 M 3.05 0.85 0.075 0.052
12. 24 M 2.50 1.15 0.103 0.034
13. 20 Mo L.75 0. 30 0. 308 0.176
14 33 F 2.40 1.20 0.220 6.159
15. 37 M 1.90 1.10 0.116 0. 060
Mean 3.02 1.32 0.152 0.0%h
SEM 0.19 0.15 0.020 0.013




Table XXI

Maximum €all in FEV1 and SGaw produced by

allergen challenge in 15 patients with asthma

No. Age Sex FEV1 - SGaw
Baseline Change Baseline Change
1, 20 1 470 0,70 0.235 0,450
2. 23 M .. 20 0.80 0.189 0.108
50 | 2 F 2.75 1,55 0. 14, 0,115
e | 19 P 3,50 0.60 0.213 0,147
5. 15 M 2,40 0. 60 0.077 0.052
6. 37 ¥ 1.90 0.30 0.109 0059
7. 19 P 2.30 0,60 0.132 0.0
8. | 23 ¥  2.90 .50 0.227 0.167
9. | 9 M 2.90 1.85 0,066 0.055
10, |2 M 2.5 1.30 0.105 0.091
. | 30 u | 3435 0.95 0.082 0.063
42, 39 M 1.70 0.70 |  o0.085 0.063
13, 20 M 2,75 1,95 0.062 0,047
ke 21 M 2.60 0.90 0,098 0. 051
15. 18 F . 2.20 1.10 0.076 0,048
Mean 2.8 1,02 0.127 0.082
SEi 0.24 0.13 0.016 0.010

Clinical details of Patient No. 8 (Mrs. J. H,) given in Appendix, Pase 154.




’.[‘/é-,ble XXTT

/
Maximum fall in FEV,I and 3Gaw produced by 5 mgm. of propranolol

/

4
i

given intravenously in 12 patients with asthma

No. Age Sex I*‘EV1 SGaw

Baseline Change Baseline Change

1. 19 M 3.15 0.25 0.122 0.03%9

2. 21 F 3.20 0.60 0.189 0.062

3. 20 M 3,40 0.45 0,100 0. O

4. 15 M 3.05 1.05 0.165 0.102
5. 23 M 4..20 2.05 O.212 0,149

6. 19 F 2.80 0.70 0. 10k 0.050

7. 30 M E.Ob 0.55 0.098 0.036
.8. 19 ¥ 3. 30 0.25 0.153 0. Ol
9. by ¥ 2.60 0.90 0.126 0.086

{ 10. 21 F 2.30 0.80 0.133 0.072
111, 27 r 2,40 0.10 0.201 0.083%
12, 20 M 4. 80 0.60 0.312 0. 144,
Mean 3.18 0.69 0,160 0.076
SEM 0. 21 0.15 0.018 0.011




Table XXITX
Maximum fall in FEV_i and SGaw produced by

Prostaglandin I"2°‘ in 7 patlents with asthma

No. lﬁi Age Sex PEV 1 | : : SGaw
Baseline Change Baseline Change
1. 15 M 3.20 1.95 0.1 3k 0. Ol
2. 30 M 5,20 1.65 | 0.068 0,048
3. 21 P 3.00 0.95 0.212 0,143
e | 33 W © 2.80 .78 0.128 0.093
5e 28 M 2,60 0.63 0,08k 0.051
6. 2 M 425 1,00 0.215 0,143
7." 23 Mo ). 80 1.10 0.282 0.199
Mean 3.4 1.29 0.160 0.102
SEM | 0. 31 0.19 0,030 0,022
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allergen challenge, propranolol and prostaglandin. F‘2
in 65 provocation tests,

(r = 0.76, student's t = 9.21, P <€ ,001, y = 0.586x =+
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12,1

CHAPTER IV

e s 1

ROLE O7 ALPHA RECHEPTORS IN ASTHMA

Airways Response to Beta Blockade

4 small dose of propranolol given orally or
intravenously produced a significant fall both in the PRV,
and Staw in asthmatic patients, whereas a large dose of
propranolel did not affect the FEVl and 3CGaw significantly
in normal subjects. These observations are in asreement
with similar resulits revorted previouslyBl’ 160.
Statistically, asthmatic patients and normal subjects

157

belong to two different vnopulations .

The control of bronchomotor tone is complex. It is

.directly under the autonomic neural influence through the

vagus and sympathetic nerve supply and in addition to these
are humoral factors which include histaming, 5 hydroxy—
tryptamine, S.R.85.-A., prostaglandins and possidly other
influences yet unknown. The extent to which all or some
of these factors are active in a given subject at any one
time is bound to vary and more so in asthmatic patients.
In most mammalian species vagal stimulation has been
known to cause bronchoconstriction and vprevention of these
responses hy étropine indicate that they are mediated by
cholinergic fibres. Pharmacologically it has been shown
that parasympathomimetic agents, such as acetyvicholine and
methacholine, cause an increase in resistance to air flow

and it has therefore bheen inferred that the vagal

80




stimulation also causes bronchoconstriction in Man as in

161, 162

other mammals Tn most animals and in Man there is

some resting bronchomotor tone in eupnoa under normal
conditions, mediated through the vagus nerves. Vagotomy,

vagal cooling and atropine administration have been shown

-

to increase the diameter of larger airways and increase
5

17

anatomical dead sbace .

The effect of sympathetic nerve stimulation on lung
mechanics is less certain than that of vagus, bul genorally
it is thought to cause relaxation of bronchial calibre and
decrease in resistance to air flow. 'Indirect
pharmacological evidence on action of symbathetic nervous

gsystem on bronchi comes from use of adrenaline and

163

isoprenaline in both animals and Man Trom the action

of isoprenaline it appears that sympathomimetic broncho-
dilatation depends on adrenergic beta gtimulation. The

existence of resting beta receptor adrenergic broncho-

dilator activity in normal man is doubtfulll7’ 164 as both

befa stimula{ion or beta hlockade has Tailed to cause a

significant change in the bronchial calibre in normal

157, 160

subjects and the effect of propranolol in normal

subjects reported here would supvort this hyvothesis.

The presence of alpha recevtors in mammalian lungs

~

. 84, 85
with bronchoconstrictor activity has been postulated 4, 85,

86, 87

Pharmzcologically, alvha receptor stimulation in

presence of beta blockade has been renorted to cause

89, 90, 157

bronchoconstriction in Man However, in normal

91




subjects alpha receptor stimulation does not cause

157

* bronchoconstriction and it is unlikely that alpha
adrenergic activity in the airways plays a significant role
in the control of hronchomotor tone in these subjects.

Thus, it can be postulated that in normal subjects the
rmechanisms operafing through élpha and beta adrenergic
recentors, receptors at pvarasympathetic nerve endines and
receptors for humoral mediators such as histamine, 5
hydroxytryptamine, bradykinin, vrostaglandins and posgibly
through other receptors yet to be defined are so balanced
that the combined effect of these mechanisms Tavours
bronchodilatation.

In contrast, patients with asthma develon marked
bronchoconstriction following beta blockade with
propranolol. This sugeests that there is an increased
beta adrenergic activity at rest, the reduction of which
by pharmacological blockadeal, infection or possibly other
means can unmask an underlying state of bronchoconstriction.
However, it is not known whether this enhanced activity is
due to sympathetic nervous tone or to circulating
catechoiamines. It has been suggested that the cholinergic
and albha adrenergic activities are also possibly increased

65

in asthmatic patientsl and both cholinergic and alvha

: 2
stimulation has bheen shown to incresase bronchomotor tone’7’
37 and also to enhance mediator release in the type T

98

allergic reaction” . Thus, the balance beliween the bheta

receptor activity {bronchodilator) and the cholinergic and

92




alpha acﬁiviﬁies'(bronohoconstriotor) in asthmatic patients
is much more subtle compared to normal subjects and any .
change in balance greatly al%grs the bronchial calibre.

It is likely thet beta blockade with pfopranolol in
asthmatic patients results in unovposed vagal or alvha
adrenergic oﬁerﬂéctivity or both favouring broncho-
constriction, The failure of atropine to abolish
completely the rise in airways resistance following
propranoiol administration166 would suggest that alpha
adrenergic activity in presence of beta blockade may be
partly responsible for bronchoconstriction. Murther,
alpha receptor blockade has been shown to‘modify oropranclol
induced bronchoconstriction in asthmatic patient3157’ 167
suggesting an increased alpnha adrenergic aoﬁivity in
presence of beta hlockadc.

In addition, the distribution of autonomic influence in
the central and peripheral airways in asthmatic vatients is
also imvortant bhecause of verying physiologicsl resvonses
to.site of bfonchOConstriction. Vagally mediated
bronohogonstriction has heen reported to coause selectbive
bronchocénstriction in larger airwavs, there being little
change in calibre of peripheral airwaysl46" 147.
Histamine, on the other hand, has been shown %o cause
congtriction of werivheral airways and alveolar ducts
without affecting the calibre of the larger conducting

17 '

airwaysl . These variations in site of hronchoconstriction

has been attributed to variations in sympathetic tone of the

93




129

airways . Propranolol adminigtration to asthmatic
patients~produoed a significant fall both in the FEV.L and
SCaw suggesting that airways ohstruction occurred
simultaneously in the neriphefal and central airﬁays.
These results suggest that beta blockade in asthmatic
patients causes ¥Pronchoconstriction in the central and
peripheral airways and similar observations have been
reported following alpha receptor and cholinergic

15 :
)7. These observations

stimulation in asthmatic patients
therefore suggest that balance of autonomic influences
mediated through alpha, bheta and cholinergic recentors in
asthmatic vatients does notl vary in tﬁe central and
peripheral airwayvs as hags heen provosed in normal subiects

129

Beta Blockade Theory of Bronchial Yyner-~Reactivity

Szentivayni in 196845 put forward an unitarian
hyvothesis to exvlain bronchial hyver-rcactivity and atonic
gtate in asthma. Fe vroposed that increased irritability
of "the bronchial tree in asthma results from diminished
beta receptor response to catecholomines and a relative in
alpha adrenergic activity. Although his hypothegis has
provided a great imvetus to re-examine autonomic imbalance
in asthma, most of hig conclusions were derived from animal
experiments. Nice'given vertussis vaccine became hyper-

73,

sengitive to histamine and other mediators of anaphylaxis

4, 5,

In addition, this was associated with eogsinovhilia,

diminished response to heta stimulaition and an enhanced

94




45, 15

resovonse to alpha stimulation "

In contrast to observations in animal experiments, Zaid
and Bea1182 have falled to induce methacholine or histamine
hyner-sensitivity in normal subjects after beta adrencreic
Dblocikade with propranolol. Zaid and Beall's observations
were confirmed by me in five normal éubjeotsu In thésc
subjects 10 mgm. of propranclol given intravenously did noi
cause a gignificant change in either the FEVl or SGaw and
200 uvwgm. of histamine dihydrochloride by inhalation in the
vresence of beta blockade also falled to affect the hronchial
calibre significantly in these subjects (Fips. 25 and 26).
These observations suggest that bronchial hyber»reaotivity
akin to that observed in asthmatic natients cannot he
induced experimentally in normal subjects after bheta
blockade. Undoubtedly the observations in animal
experiments are impdrtant, the inferences derived have to
be regarded with cautiog because of species differences and
failure to reonroduce chronic unrelievable asthmatic state
in animals. Tfurther, Szentivayni ventured to vrovose that
this autonomic imbalance could result in relative increase
in alpha adrenergic aotivitylof the airways when the
existence of such recentors in the human airwavs was s%ill
in doubt and their function yet uncertain.

The diminished beta recevtor resvonsesg observed in
asthmatic patients are related to the severity of asthma.
Tnoue (1967)78 reported that diminished metabolic resvonses

{0 adrenaline administration inereased with the severity of
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12.3

asthma whereas asthmatic patients in remission could not be

‘distinguished from normal subjects in this respectTg’ 109,

168, 169

It is probably true that the diminished beta
receptor observed in ovatients with acute asthma may reflect

a Toiling counter-regulatory mechanism rather than be

169

considered the cause of asthma Further, the

biochemical observations sugegest that the beta receptor

O

system is maximally gtimulated and further stimulation

168

becomes increasingly difficult™ . Secondly, an increased

rate of metabolism of catecholamines to 3 methoxy

170

derivatives which are weak beta-adrenergic blockers™ may
also result in diminished resnonse to sympathomimetic
amines in these patients. The latter possibility still

remains to be investigated.

Resvonse to Phenyvlevhrine After Blockade of Alvha snd Beta

b

Adrenergic Recevlors

Although the nresence of excitatory alpha adrenergic
receptors in the respiratory tract of various animal snpecies

84, 85, 86, 67

has been demonstrated the existence of such

receptors in human bronchi has been more doubtful. In

88 o .
1970, we reported that histamine induced broncho-
constriction in asthmatic patients could be inhibited by
alpha recepltor blocking drugs, phenoxybenzamine and
vhentolamine, suggesting that there are alpha adrencrgic
receptors in the human bronchial trec. However, it has
been suggested that the effect we had observed was unlikely

o be wholly due to alvha rcceptor blocking oroverties of

phenoxybenzamine and phentolamine as both these arents are

96



Known to'haVG additional effects which iﬁolude atropine~like
and antihistaminic actions. About this time a more
selective alpha receptor blocking drug, thymoxamine, became
available for clinical use. Unlike phenoxybenzamine and

. phentolamine, thymoxamine is devoid of additional effects
and is highly svecific in its alpha-blocking aotions‘in
isolated orgsa s151. Our ohbservations have been confirmed
both by Prime et a1152 and Gaddie et a1153 using
thymoxamine. At least this was the first indirect evidence
of the presence of alpha adrenergic. recevtors in human
airways.

In an abttempt to find more direct evidence of the
presence of alpha receptors in human airways, the effect of
phenylephrine inhalation after prior béta and alvpha
blockade was studied in patients with bronchial asthma and
normal subjecis. lPhenylephrine ig a powerful alpha
receptor stimulant with little effect on the beta recevntor.
A direct action on the recevtor accounts for a greater vari
of its effects, only a small part being due to its ability
to release ﬁoradrenaline171. In 16 patients with extrinsic
bronchial asthma, phenylephrine given by inhalation in the
presence of beta blockade, caused é significant fall in
both the FIV, and SGaw (Figs. 2, 3 and 5) whereas
phenylephrine had no effect on the airway calibre of ten
normal subjects (Figs. 4 and 6). These obgervations in

agthmaticse provide a more direct evidence ol the nresence of

alpha adrenergic receptors in the human bronchial treec and

o1
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12.4

that stimﬁla¥ion of these recentors can cause broncho-
constriction in patients witﬁ asthma. But unlike Prime and
hig colleagueng, I have been unable to demonstrate alovha
adrenergic actiﬁity in the airways of normal subjects. In
six asthmatic vatients, the phenylevhrine effect conld be
completely inhibifed by alpha ;eceptor blocking drugs,
phenoxybenzamine and thymoxamine, suggesting that the
effect of vhenylephrine was svecifically 6n the alpha
adrenergic recentors (Figs. 2 and 3).

However, it has been suggested that beta adrenersic
blockade in watients with asthma may lead unopbosed

parasymnathetic activity which in turn causes broncho-
. .. 166 o oL 4 .
constriction . If this is so, a .possibility arises
that the phenylephrine induced bronchoconstriction in
presence of beta blockade could have resulted from
stimalation of *dirritant' cholinergic receptors in the

158

airways The effect of phenylevhrine after
pre-treatment with atrovpine was gtudied in six vatients

with asthma.

Response to Phenylephrine Aftcr Blockade of Beta and

Cholinersic Recentors

In éix patients, atfopine given by inhalation nroduced
a significant bronchodilatation and rise in SGaw
suggesting resfing bronchomotor tone mediated by
cholinergic activity as suggested by Widdicombe and
117

Sterling (1970) . In presence of cholincrgic blockade

with atropine, oropranolol induced bronchoconstricition was

- 98




partially inhibited. Turther, vhenylephrine inhalation
in presence of bheta and cholinergic blockade produced a -
significant fall in SGaw (Fié. 7). The result of this
investigation further suggesits that thé phenylephrine
effects in mpatients with asthma is mediated specifically

through alvha adrencrgic recentors and cannot De due to a
158

non-snecific effect on 'irritant' chelinergic recentors

12.5 Thymoxamine in Wigtamine Induced Bronchoconstriction

In a previous study, we had revorted that alvha
receptor blocking drugs, phenoxybenzamine and vhentolamine,
could inhibit histamine induced bhronchoconstriction.
However, both these drugs have additional effects and it is
difficult to assess whether the inhibition observed was
wholly due to alpha recevtor blocking propertv of these

. 152 . 153 .

ATUZS . Planco et al and Gaddie et al have confirmed
our findings using thymoxamine which is more snecific in
ite alpha recewntor blocking action and is devoid of
additional effects seen with phenoxybenzamine and

) . 151 e - .
phentolamine . I confirmed our ohservabion using
thymoxaemine in eight vmatients with asthma (Mrig. 8).
Thymoxamine adminigtered by inhalation effectively inkivited
histamine induced fall in the FSVl in eicht vnatients with
extrinsic asthma.

The e¢ffect of histemine on bronchial smooth muscle is
comolex. It may act directly or by a. delayed reflex

172

action™ . Although it is well established thet vatients

with extringic asthms are hyner-scnsitive to inhsled or




37, 38, 39, 88

intravenougly administered histamine , the

mechaniom by which this hyper-sensitivity is produced s+ill

remaing uncertain. One pogsibility is that this may be the
sequelae ¢f diminished bheta recevtor resnonsiveness,
The alpha and beta adrencrgic recentors are helieved to

.

control ionised calcium concentration in the environment of

. . R 174 ) .
contractile nrotein of myofibrils 73, 174 and histamine
resnonsc of smooth muscle is devendent on calcium ionsl75.
In addiftion, it has recently been shown the ionotronic and
relaxing effect of cyclic AWMP on cardiac muscle is mediated
. N . . .

by modulation of rate of Ca binding with sarcoplasmic

. 176 ; ] -
reticulum . It can therefore be postulated that heta

. . . R .

recevntor agonists by increasing the Ca binding in the
sarconlasmic reticulum of bronchial smooth muscle fibrils
cause relaxation wherecas alvha recepbor agonists may heve a
177

L)

reverse cifect’

Alvha recevtor hlocking drugs which are known to

| 107, 168

. Foo
may incresse Ca

enhance cyeclic AMP formation
binding in the sarcovlasmic reticulum of bronchiazl smooth
mugcle and thus inhibit the higtamine effect on the

bronchial smooth muscle in agthmatic natients.

Thymoxamine in Wethacholine Tnduced Rronchoconstriction

Although acetylcholine, the cholinergic neuvro-
fransmitter, is not released in the reagin-mediated

allergic reaction, it might be congidered a mediator bhecause

3T

of its mrofound effectz on bronchizl »hysiolosy” . Tn

addition, cholinersic egonists have been shown to enhance

. Q
. . i
histamine release from human lung” .

N
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Thymoxamine as expected failed to inhibit methacholine

dnduced fall in FEVi in eight vatients with asthma (Wig. 9).

It is nouw established that cholinergic aconists, like

acelylcholine and methacholine, activate guanyl cyclase

63

~and lead to an increase in e¢yclic GMP formation ~. Guanyl

cyclase—cyclic GIP is the second messenger system for
cholinersic resnonses. Cyclic GNP formation is not
influenced by thymoxamine in asthmatic patient$178 (Part TT
of this thesis) and thereforc it is unlikely for thymoxamine
to have any effect on methacholine induced broncho--
constriction. Atronine which inhibite cyclic GFP
formation elfectively inhibits methacholiﬁe induced hroncho-—
constriction in asthmatic patients and normal subjects
(personal observafions).

Thymoxamine, Atronine and Sodium Cromoslvcate in
. 9 gl

Prostaglandin F, Alvha Induced Bronchoconstriction
[

Prostaglandin ¥, alvha ils a potent bronchoconstrictor

2

in Wan. The presence of prostaglandin F_ alvha in human

2
lung and its release during type 1 allergic reaction and in

42, 179

resvonse ‘to various chemical and mechanical stimuli
has led some workers to postulate that locally formed

alvha may play an imovortant vart in

) 4
vathorzenesis of bronchial asthmaBé’ 2,

179

progtaglandin F2

In addition,

Paterson et al have also suggested that onrostaglandin ¥,

‘
alpha may be involved in exercise induced asthma.

In gix vatients with asthma atropine inhalstion

vartially inhibited vrostaglandin F2 alvha induced fall in
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the PRV, and SGaw whereas thymoxamine and sodium

L

ccromoglyoate had no effect in this resvect (Pigs. 10 and

11), The failurve of sodium cromoglycate to inhibit
prostaglandin F2 alpha induced bronchoconstriction together
with the observations of its inhibitory effect in

allgrgenl42 and exercise provoked asthmal43

would sugmest
that the release of prostaglandin Fg alvha locally in the
lung may not be a orimary factor in the ﬁathogenesis of
asthma. In addifion, indomethacin administration which
markedly reduces the total body production of prostaglandin
F2 alpha does not comnletely inhibii allergen'nrovoked

. . . 180
agsthma in Man or anavphylactic reaction in guinea pigs s

181

.
The studies of cyclic nucleotide sygtems suggest that

the effects of prostaglandin F, alpha like cholinergic

2
agonists is mediated through granyl cyclase-cyclic GMPlOO'
The partial inhibition of prostaglandin F2 alvha induced
bronohdconstrioﬁion by atropine as observed in this
in&estigation is consistent with this hyvothesis. Althousgh
there is evidence that alpha stimulation increases cyclic
GUP formationGQ, it is unlikely theat prostaglandin F2 alnha
acts on the alvha recentors in the lung as thymoxamine
failed to alter prostaglandin F2 alpha induced hroncho-
constriction in asthmatic patients (Figs. 10 and 11). The
evidence so far suggests that nrostaglandin F2 alpha

together with other chemical mediators, such as histamine,

bradyinin, serotonin and S.Re3.-A. ig released during the
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tyoe T allergic resction. Prostaglandin F? alvha is a

very notent bronchoconstrictor to which asthmatic natienis
are exoulsitely sensitive and it may act by stimuiating
cholinergsic recentors. It would be wrons to consgider

prostaglandin F2 alnha as the main factor in pathocenesis
of asthme until we further clarify the cause of airwavs
hyper—reanctivity which seemsg to be the primary defect in

asthma.

Thymoxamine in Allergen Induced Bronchoconstriction

In ten vatients with asthma, allergen induced broncho-
constriction was inhibited by thymoxamine given
intravenously (Fig. 12). Tn two of these patients the
thymoxamine by inhalation also inhibited allergen provoked
bronchocongtriction and in one patient this protection was
maintained even when the dose of allergén inhaled was
doubled (Figs. 13 and 14).

Lichtensgtein and De BernadolB2 have ghown that cyelic
AP inhibits mediator release and that the adenyl cyvclase
syét@m is involved in the first stage of the fype I
allergic reasction which is not calcium denendent. There
are two vossibilities for the observed effccts in thig
invegtigation. Firstly, that thymoxamine acts hy

inereasing cyclic anpi07s 168

and thereby prevents the
relcase of pharmacologically active substance from mast
cells following allergen challenge or that thymoxamine does

not inhibit mediztor relecase bhut alters the bronchial smooth

muscle resnonse to these medictors, by altering the
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bronchomotor tone. It is now known that reazin-mediated

.allergic reaction releases significant cuantities of

prostaglandin FE aloha in addition to higtamine, S.R.S.-A.,

29

bradykinin and % hydroxytryotamine™ . The varinble

. responses recorded alfter allergen challenge in presence of

alrha blockade with thymoxamine could be accounted for by

the failure of thymoxamine to inhibit the effect of

prostaglandin Fp alpha on the airway3183 suggesting that

the dominant effect is on the bronchomotor tone rather than

the mediator releasc.

Thymoxamine and Sodium Cromosglycale in Pogt-~lixercise

Bronchocongtriction

A gignificant inhibition of post-—exercise broncho-
constriction was observed in 12 out of 13 vabients
following thymoxamine inhalation, and in the same 12
patients a statistically comparable inhibition was also
obtained with sodium cromoglycate (Fig° 16). However, in
one patient neither drug had any effect on post-exercise
brﬁnchoconstriction. Farther, atronine sulphate given by
inhalation also Tailed to inhibit exercise induced broncho-
gpasm in this natient. These results oontraé% with the

84

observations of Sly et a11 who fﬁiled to inhibit vogt-
exercise bronchoconstriction uéing phentolamine.
Phentolemine is a short acting drug and it'may nroduce
inadequate and transient blockade when given intravenously

185

L
A wide wvariety of humoral mediators have Dbeen surgested

as the couse of exercise induccd asthma. Higtrmine levels
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have been found to be normal or unrelated to the degree of
186, 187

pogt-exercise bronchoconstriction FMurther,

antihistaminic drugs have failed to inhibit post-exercise

184, 188

bronchocongtriction The role of serotonin as a

33

- bronchoconstrictor in lian is disputed and its antagonist,

89

. . 1£
methysergide, does not alter exerci=e responsc . Tocal

. 179
prostaglandin release has been suggested 9 and the

demonstration of this release in guinea pig lungs in

response to minor mechanical stimuli would suovort -thig

154

view " ', However sodium cromoglycate does not inhibit

prostaglandin I',. alpha induced bronchoconstriction in
2

83

asthmatic patien sl e The effect of sodium cromoglycate

2

on prostaglandin F2 alvnha induced bronchoconstriction,
together with the observation of its beneficial effect in

143

exercise asthma , would suggest that the release of

prostaglandin F alpha locally in the lung may not he the

2

primary factor in exercise induced bronchosnasm.
Noradrenaline and adrenaline are released during

190, 191

strenuous exercis s and this releasge of

catecholamines is greatly enhanced by vnrior belta blockade

192. A similsr enhanced

with vpropranclol or oxnrenolol
release of catecholamines may also occur in asthmatic
paticnts who show diminished be%a regponsiveness to
catecholanmines. The observations of this investigation
suggest that increased alvha adrenergic activity in the

presence of diminished beta receptor regwonsiveness could

be 4the mechanism of pnost-exercise brounchoconstriction in
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. - : C . .
these subjects. In addition, the report hy .Tonesl)3 that

- a proportion of normal subjects develov vost-exercise

bronchocongtriction in the presence of nrior beta blockade
with prowvranolel would further suggest that alpha
adrencrgic stimulation could he the cause of post~exercise
bronchoconstriction in these éubjects.

It has recently been suggested thalt sodium cromoglycate
acts by inhibition of cyeclic phosphodiesterase and leads to
an inerease in the levels of oyclic AMP144’ 145. It is
possible that like alpha receptor bhlocking drugs which
increase cyclic AWP formation on stimulation with

107, 168

isoprenaline (reported in Part IT of the thesis),
sodium cromoglycate may also increase cyclic AMP level via
inhibition of cyclic phosphodiesterase. The increase in
cyclic AMP levels may modify the bronchomotor tone and

alter the response to exercise in asthmatic patients.

Alpha Receptor Blockines Drues Alone and in Combination with

with Tsoprenaline on SGaw

In ten vatients with asthma, thymoxamine or vhentolamine
inocreased SGaw by 45%, this improvement was, however,
significantly less than that achieved with isoprenaline
alone.. When isoprenaiine and thymoxamine or phentolamine
were administered together the mean SGaw increased by 200¢
from the baseline value of SGaw. There was a highly
sipgnificent difference between the bronchodilatation
achieved with isoprenaline alone and that acﬁieved Qith

isoprenaline plus thymoxamine or vhentolamine (Fiﬁs. 17 and

18).
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The above observations are suonoried by the biochemical

" studies on the leucocyte adenyl cyclase acltivity in

agthmatic patientslGa (reported in Part IT). In acute
agthma, the leuvcocyle adenyl cyclase activity shows

diminished resnonsiveness to stimalation with isonrenaline

168, 169

This abnormal adenyl cyvclase response in ancute
asthma can be restored towards normal by alvha recevior

blocking drugslo7a 168

13

; thymoxamine and ﬁhentolaminen

Thus, in the airways, as in leucocytes, it avvears
that the balance between alpha and beta adrenergic recentors
may play a critical role in the control of oeil Tunciion.
In bronchial smooth muscle alnha reoeptor‘blockade restores
the balance in favour of beta ndrencergic recentors and hence
the bronchodilator response to catecholamines. The use of
alpha recepior blocking drugs may ve another line of atltack
of this distressing discase as well as a means of better
understanding of the mechanism which underlie bronchial

hyper-reactivity in asthma.
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13.1

PHYSTOLOGTCAL TRTEOTS 0P BRONCHOCONSTRICPEION

Site of Alrways Obgstruction

It has heen revorted ﬁhét nervously mediated broncho-
congtriction may overate at a different site in the airways
from humoral bronchoconstriction146’ 147, Histamine, on
the other hénd, ﬁas been reported to cause constriction of
peripheral airwavs and alveolar ducts without affecting the
calibre of larger conducting airways. Vagally mediated
bronchoconstriction, on the other hand, causes broncho-
constriction in the larger airways there being little

146

effect in the peripheral airways o Bouhuys and

129

Woesti jne have postulated that individual variations in
airways response to histamine and hemp dust in cotton
workers ig principally determined by variation of
sympathetic tone. According to this hypothesis a subject
with peripheral airways obstruction demonstrated by fall in
FEV1 and flow rate (!'flow rate response') may have
relatively few symvathetic fibres in perivheral airwvays so-
tﬂat the beta adrenergic activity might be insufficient to
counteract the bronchoconstiriction effect of histamine or
hemp dust in these airways. Conversely; in a subject with
conductance resvonse {(fall in SGaw) the sympathetic
digtribution might‘be predominantly to smaller airways.

To explore a similar possibility in patients with asthma,
the airways responses as assessed by EEVl (perinheral
airways) and SGaw (larger airways) during various

provocation tests were analysed.
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In 65 provocation tests, there was a good time

, relationshiv between the maximal fall in ]T‘EV1 and SGaw

produced by histamine, methacholine, proprancloel,

.

progtaglandin F2 alpha and allergen challenge (Figs. 19 -

22). These results suggest that the ailrways obstruction

.

occurs simultaneously in the ceniral and peripheral airways
in these patients, and it is difficult to demonstrate

different sites of airways obsiruction as has been shoun in

194

dogs following vagal stimulation

129

by Bouhuys and Woestijne . Although the balance bhetween

and as suggmgested in Man

gympathetic and parasympatbetic divisions of autonomic

nervous system in the airways may vary in aog5194 and also
;n normal subjectslzg’ 195, the observations reported here
suggest that~the diminished beta receptor function may be
present in both the central and perivheral airways in

agthmatic patients and this would exwmlain marked broncho-

constrictor resvonse to various agents at both these sites.

Relatioﬁshio of Resvonse to Initial Bronchomotor Tone

The change in SGaw produced by histamine, methacholine,
propranolol, orostaglandin F2 alvha and allergen challenge
depends on the baseline (initial) SGaw (Fig. 23).  The
greatest change in SGaw was elicited when the baseline SGaw
was highest, i.e. maximum bronchoconstriction in resvonse
to anv of the above agents occurred when the airways were
maximally dilated. In contrast, the change in FEVl did
not relate to the bhaseline value of FEVI. This lack of

correlation between the change in FEV] and the baseline
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FEVl as reported here and previously44 may be due to
collapse and the closure of the perivheral alrways durine
forced expiration manoeuvregn The collapse and closure of
the perinheral airways is zaccentuated during maximal
expiratory effort and remains a major cause of flow

196

limitations . #urther, the FEVl is determined by the

properties of unétream segment of airway which contributes
a small proportion to the total airways resistance.

Alrways closure causes air trapping, leads to chanees in
lung volumeg and accounts for the disvarity in the resulis
of lung volumes measured by body plethysmograbhy and helium

197

dilution method during spontaneous asthma On the
other hand, the airways conductance is the measurement of
airways obstruction in the central airways which do not
collapse readily. The chaunges in SGaw may therefore
provide a belter assessment of the change in bronchomotor
tone durins vrovocation tests. The results of this
investigation are in accord with in wvitro studies on the
gﬁinea pigs tracheal smooth muscle in which it has been
shown ihat the muscle contraction is demendent on the
inherent tone of the muscle87. AstinlgB has shown fhat
patients with chronic bronchitis who had highest initial
airways resistance had the greatest increase in airways
resistance aflter vrovranolol administration whereas in this
study asthmatic vatients who had the lowest airways
resistance (highest SGaw) had the greatest increases in

airways resistance after propranclel adminisitration.

0
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The differing airways response to beta blockade in natients

with asthma and chronic bronchitis may be due %o underlying

inherent differences in the bronchial reactivity and this

may be of considerable clinical importance in classifying

“patients with obstructive airways disease.

Adrways Closure

1199

Recently Dolfuss et a

Xel33

described a simple test using.
to determine the lung volume at which ventilation
ceases in the demendent lung zones as a result of airways
closure. The volume termed the closing volume increases
lineariy with age in adultszoo. Other workers have
described closing volume in disease and as a simvle test
to detect air flow obstruction in nerivheral airways of
less than 1 mm. in diameteri>4s 139,

The closing volume, using single breath nitrogen

20 ' . . . .
test , wasg measured in eisht patients with asymptomatic
extrinsic bronchial asthma and ten normal subjects. The
procedure and resulits are not included in the method and
reéults sectionsof this thesiss however, the data of this
investigation is given in the Apvendix (tables LITT - LVI).
Phe ¢losing volume was significantly increased in asthmatic
patients as compasred to the closing volume observed in
normal subhjects. The closing Qolume in asthmatic vatients
decreased to normal values following salbutamol inhalation
whereas propranolol caused a significant increase in the

¢losing volume in these patients. The results of this

investigation sugesest that changes in the smooth muscle tone
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in the términal'bronohioles, which is largely devendent on
the sympathetic nervous activity of the airways, can
significently aflffect airways'olosure in vatients with
bronchial asthma. .

Recently there has been a renewed interest in the

130

observation of Hﬁber and Koegsler that bronchial smooth

mugcle in asthmatic patients show changes of hyperirvophy and

133

hypervnlasia. Hossain noted a three fold increase in the
number of smooth muscle cells and the absolute volume of
muscle in necropsy specimens of bronchi of patients with
asthma compared with that found in a normal airway. This
change of hypertropvhy and hyperplasia extend from the
central airways to the terminal brqnchioles° The increase
in closing volume reporied here and m‘eviouslyzo2 suggests
that Dbronchial smooth muscle contraction in terminal
bronchioles with peripheral airways obstruction is present
in many patients with asthma in remission. The influence
of bronchomotor tone on airways closure may be more
prbnounced in asthmatic subjects because of an increase in
absolute muscle volume and the bronchial hyper-reactivity

to adreﬁergic activity. The cause of the hyvertrovhy and
hyperplasia of bronchial smooth muscle cells in asthma is
unknown. If these changes result from a latent airways
obstruction in.asymptomatic patients then an early detection
and treatment may help in breaking ?hq vicious cycle which

leads to chronic muscular changes and chronic asthma.

—
—
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4.2

CHAPTER V
FRTHODS
PART IT (Biochemical Experiments)

ADENYL CVCT.AST AND QUANYT. CYCLASH SYSPMS IN ASTHMA

. Patients and Control Subjects

'ourteen out-vatients, aged froﬁ 17 to 42 years,-were
gtudied. They were further divided into two groups.
The first consisted of seven patients with active asthma as
assessed by a history of daily wheezing, breathlessness on
moderate exercise, clinical and spirometric evidence of
airways obgtruction, and the amount of bronchodilator and
steroid therapy required for the relief of symptoms., The
second group consisted of seven asthmatic patients in
remission. fen healthy adults, aged from 19 to 45 years,
were studied as a control group. All theravy in asthmatic
patients was discoﬁtinned for at least 24 hours before the
experiments. Samplesxof venous blood were collected
between 9 and 10 a.m. to avoid circadian variations.
Blood films from each patient and control subject were made
for differential leucocyte count. The FEVl was measured
in asthmatic patients within a few minutes ¢f blood
collection.

Toucocvte Adenyl Cvclase Assay~

Reagents
The reagents used were zs followss adenosine
triphosphate (ATP), adenosine divhosphate (ADP), 5

adenosine monophosvhate (5'-AMP), 3'-5' cyclic adenosine
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monophosﬁhate (dyclic AMP), adenosine, adenine, hwnan scrum
albumin, theophylline, Ouabain, occtahydrate, DI isoprenaline
hydrochloride (all burchased from Sigma Chemical Comvany),
phentolamine mesylate (Ciba Laboratories Limited),
thymoxamine hydrochloride (wo R. Warner & Comvany,
RBastleigh), and 34-adenine (15 ¢i/mmol) (Radio Chemical
Centre, Amersham) . The scintillation grade chemicals
naphthalene, 2, 5-diphenyloxazole (PPO), toluene, 1, 4=
dioxan, and 2-ethoxyethanol and also the Whatman 34
chromatogranhy paper were purchased from BDH Chemicals
Limited.

Prevaration of leucocytes

Leucocytes were prepared from 40 ml. of whole blood
according to the dextran sedimentation technigue as
described by Logsdon et al (1972)107, and the cells were
resuspended in a buffered culture medium (table XXIV) so
that 2 ml. of a suspension contained between 150 and
200 x 106 cells. The cell count was carried out in a
Néubauer's Chamber.

Adenvl cyclase assay

Teucocyte adenyl cyclase assay was performed by the
following modification of the intact cell method described

by Humes et al (1969)203.

Two ml. of a susvension of the
leucocytes in the buffered culture medium described were
incubated with shaking at 3706. for two hours with

3i-adenine (1 wcifs x 10° cells) in a siliconised conical

centrifuge tube. After incubation the cells were
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centrifuged at 150 gm. for five minutes and the suvernatant

T fluid removed. The cells ﬁere then washed three $imes with

fresh culture medium to remove as completely asg possible

the extracellular labelled adenine and were resuspended in
a fresh medium to give a concentration of about 10 x 106
cells/mlp, 0.5 mll quantities'of which were then added to

siliconised tubes and once again incubated in a shaking

metabolic water bath at 3700, for 15 minuites to allow

. bemperature equilibration to occur. Then 0.5 ml. of a

solution of 20 mmol. theovhylline/l. dissolved in buffered
culture medium was added to the cell suspension. The
various drug treatments were carried out by adding
appropriate agents at the same time as theorhyliine.

These drug treatments are given in table XXV. The cells
were incubated for a further five minutes and the rcaction
was terminated by boiling the reaction tubes for three
minutes. A non-radioactive carrier solutions 0.1 ml.
containing 5 mmol/l. each of 3'45' cyclic AMP, ATP, ADP,
5t~Al'P, adenosine and adeniﬁe, was then added and after
thorough mixing the tubes were centrifuged. A1l
incubations were performed in duplicate and the use of AB
rhesus;oositive serum ﬁelbed to vprevent aggregation of
cells; Aliguots of 40 ml. of the protein free suvernatant
solution were‘spotted on a Whatman 31 paner and subjected
to chromatogravhy for 14 hours in a solvent system
consisting of 1M ammonium acetate (DH 7.50) and ethanol

(30:75) which effectively sevarates 3'-5' cyclic AP from
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other nucleotides and purine baseslo[. The Rf wvalueg of
these nucleotides and vurine bases are given in table XXVI.
After drying the chromatograﬁ_the positions of the svots
were located under ultraviolet light aﬁd identified by
means of markers .in addition to mobilities. The arcas
correspbndiﬁg to 3'-5% cyclic AMP, adenine plus adenocsine,
and ATP nlus ADP ﬁlus 5%—AMP were cut out with scissors and
placed in separate vials. The nuclectides and purine
bases were eluted from the paper with 1 ml. of 10 mi TRIS
HC1 (pH 7.40) and 15 ml. of a scintillation fluid,
constituents of which are given in table XXVIT. The vials
were then counted in a Beckman scintillation counter with a

3

counting efficiency of 30% for “H.-

Analysis of Data

TPolliowing the procedure devised by Logsdon et al
(1972)107 adenyl cyclase activity was calculated as the
3

ratio of “H cyclic AWP to the total activity found in ATP,
ADP, 5'-AP, cyclic AKP, adenosine, and adenine expressecd
as‘percentagé. This method avoids differences in the
uptake of 3H adenine by the cells in different sample
tubes. "he percentage of cyclic AMP formed in the control
tubes containing only theophylline was taken as the control
for each exweriment. The nercentage cyclic AP formed
after each drug treatment was then divided by the control
value for that experiment so that each drug treatment was

expressed. as a percentage of the control value, thus making

possible comparison between the various treatments in each
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14.4

experiment and between experiments. Results from sevarate

experiments were pooled and group means calculated plug or

minus the standard error of the mean. Students 4+ test was

used to determine the significance of drug effects.

Iympnhocyte Guanyl Cyclase Assay

Patients and control subjects

Twelve patients, aged from 14 to 44 years, with
exbrinsic bronchial asthma were studied.. They were
further divided into two groupsj; =ix patients with active
asthma and six patients were in remission. The criteria
for dividiﬁg these patients have already been‘described.
Ten healthy adults, aged from 19 to 45 yeérs, vere sgtudied
as a control group. All therapy in asthmatic patients was
discontinued for at least 24 hours before the exveriments.
Samples of venous blood were collected belween 8.30 and
9.30 a.m. to avoid circadian variations. - The PEV. was

1

measured in asthmatic patients within a few minutes of blood
oolleoéion.
Reagents

Reagents used were guanosine triphosvhate (GTP),
guanosine divhosphate (e¢pP), 5'-guanosine monovhosvhate
(5'-c1P), 3'5! c&olic guanosine monovhosphate (cyclic GMP),
guanosine, guanine, human aibumin, DI, oropranclol
hydrochloride, I-~noradrenaline (all purchased from Sigma
Chemical Comvany), acetylcholine (Cal Biochem), thvmoxamine

hydrochloride (1. R. Warner & Comwany), Ficoll (FPharmacia

¥ine Chemicals, Sweden), hypague 457 (Yinthrov Laboratories,
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Surre&),iBnguaﬁine, 1 Gi/mmol (Radio‘Chemical Centre,
Amersham) . The scintillation grade chemicals, 2, 5-
diphenyloxazole (PPO), %olueﬁg, Jed dioxan, and 2
ethoxyethanol and also‘the Whatman 3KM.chromatography paner
were purchased from BDH Chemicals Limited.

.

Preparation of lvmvhocvtes

Lymphocytes wére nrenared from 40 ml. of whole blood.
This volume of blood was carefully layered over an eoual
volume of ficoll-hyvague and then centrifuced with 400 gm.
at the interface for 20 minutes as descridbed by Harris et
a1204. The red cells and granulocytes were svun down and
the lymphocytes avneared as a narrow whité laycer immediately
below the supernatent ficoll-hypacue interface. The
lymphocyte layer ﬁas carefully removed and resuspended in
the buffer solution (pH 7.40), the constituents of which
are given in table XXIV. After centrifuging this
suspengion for 5 minutes at 70 gm. the supernatant was
discarded and the vrocedure was renecated. Finally, the
lyﬁphocyte péllet wés resuspended in 1.5 ml. of huffer
prior to incubation with 3q~guanine at 37009 This method
produced a highly purified orevaration of lymvhocytes.

Guanyl cyclese assay

The procedurc for guanyl cyclase assay was as
deseribed previously for the leucocyte adenyl cyclase assov.
Briefly, the vrocedure involved the_ incubation of
. 3 . . 6 \ 270,
lymnwhocytes with “H-guanine (1 w ¢i/5 x 10 cells; at 37 C.

for two hours followed by stirmlation of the washed,
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resuspended cells fof 5 minutes with the appropriate druss.
The varioﬁs drug treatments are given in table XXVIII. The
reaction was terminated by hoiling and O.i ml. of non-
radiocactive carriecr solution containing 5mM each of 3'5¢

- cyclic G¥MP, GTP, GDP, 5t ANP, guanosine and guanine was
added. Chromatograohic separation of nucleotides and
purine hases after 18 hours of develovment are given in
table XXIX. The areas corresponding to 3'5' ecyclic Q¥P,
guanine plus guanosine and GTP plus GDP plus 5' GI'P were

cut outlt and placed in separate wvials. The nucleotides and
purine bases were eluted from the paper with 1 ml. of water
and 15 ml. of scintillation fluid, constifuents of which are
given in table IV. The scintillation counting was done on
a Packard S.5. scintillation counter with 30% efficiency

3

for “H.

Analysis of dafa

The guanyl cyclese activity was calculalted as the ratio

of 3

H cyclic GMP to the total activity found in GTP, GDP,
5' GHP, cyclic OWP, guanosine and guanine expressed as a

percentage. The method for exvressing resulits has been

described previouglylo7’ 168.
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15.0

15.1

CHAPTER VI

RESULTS

Biochemical Exveriments

LOBUICOCYTR ADINYL CYCLAS™ ACTIVITY

Resvonse to Isoprenaline in Normal Subjects, Asthmatic

Patients in Remisgion and Patients with Active Asthma

The results of each group of subjects are shown in
table XXX together with the statistical evaluation. There
wag a significant difference in the mean percentage value

3

of “H cyclic AP in the control (or basal) level hetween

the aclive asthmatic group (1.48 ki 0.21) and ‘the asthmatic
grbup in remission (0.64 + 0.08, P € .005) but not between
the active asthmatic group and the normal group

(1.15 x 0.26). The difference between the normal group
and the asthmatics in remission was also notl significant
(r ».10).

In normal subjects isoprenaline at 10~6M and almo 10—4M
evoked gignificant increases in leucocyte adenyl cyclase
activity 619 (P < .02) and 44% (P £ .005) respectively.

Tn the asthmatic remisgion group significant increases in
levcocyte adenyl cyclase activity were observed, thet is
64% (P ¢ .005) and 93¢ (P ¢ .001). However, no significant
increase in enzyme activity was observed in the acute

6

asthmatic groﬁn when the cells were stimulated with 107 M

and 10~ igovnrenaline.
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In tﬁe asthmatic group, when the basal or control level
of adenyl cyclase activity was plotted against the increase
in activity of enzyme on stiﬁglation with 1OM4M isoprenaline
(Fig. 26), there was a significant invérsa correlation
between these two. parameters (r = 0.82, 4 test = 4.79,

P <,.00i). vThe;e results suggest that in patients with
acute asthma, theileucooyte adenyl cyclase activity is
maximally stimulated and further stimulation becomes
increasingly difficult.

The leucocyte adenyl cyclase resvonse to 1OM4M
isoprenaline (perccntage increase over the control value)
in individual patients did ﬁot relate witﬁ the changes in
FEVl and 3Gaw produced by propranolol adminisiration or
allergen challenge. Further, no corrclation was observed
between the total circulating reagins (igE) and the control
adenyl cyclase activity or its responsiveness to
isoprenaline. The results of this investigation have becen
published and a copy of the panver is included in the

169

Avvendix .

. 15.2 Iffect of Thymoxamine and Fhentolamine on the Leucocyte

Adenyl Cyclase Response to Isoprenaline

The results of each grouv of subjects are given in

4

table XXXT. Thymoxamine 2 x 10 M vproduced no increase in

the three groups examined, but in combination with

4

igoprenaline 107 "M the increased activity in all three grouos
was highly significant. Similarly, phentolamine at

2 x 10"4M alone evoked no change in any group, but in
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15.3.

combination with 10~4M isoprenaline a highly significant
increase was obtained in all three groups.

Bffect of K+ Na+ Activated ATPase Inhibitor, Ouabain., on the

Leucocyte Adenyl Cyclase Resvonse 1o Isonrenaline

The resulte of each group of subjects are given in

4

table XXXIX. Ouabain 2 x 10 'M caused a marginally

3

gsignificant increase in “H~cyclic AMP in the asthmatic

patients in remissgion but no chonge in active asthmatic or
. . . -4,

normal grouns. The combination of Ouabain 2 x 10 "M and

isoprenaline 10_4M gsignificantly stimulated leucocyte

adenyl cyclase activity in all three groups.

)
N
[Re]
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16.0

16.1

—

16.2

LYMPHOCYTT GUANYT, CYCLAST ACTIVITY

Resvonse to Provranolol and Prowranolol + Noradrenaline

Results of this investigation are summarised in table
XEXIV.  Propranolol alone at 2 x 1074 aia not evoke any
significant difference in cyclic GFP levels in all three
£roups. However, propranolol at 2 x 10”4m in combination
with noradrenaline 10-4M produced a very significant
increése in guanyl cyclase activity in nérmals, 944,

(P € .001), but no significant increase in either the active
asthmatic group or asthmatic patients in remission.

Response to Acetylcholine, Thvmoxamine and Thvmoxamine +

Acetylcholine

Results of this investigation are given in table XXXV.

4

Acetylcholine alone at 107 'M produéed a significant increase
in the lymphocyte guanyl cyclase activity in normal group,
47% (P ¢ .02), but no significant change in either the
remission group‘or patients with active asthmé.

Thymoxamine alone at 2 x 10"4ﬁ produced a significant
increase in the engyme activity in the normal group, 509
(P <.01) and also in the remission group, 214 (P < .02),
but no significant chﬁnge in the active grouv. Thymoxamine

4

at 2 x 107"M in combination with acetylcholine 10~4y
produced a highly significant increase in the guanyl
cyclase activity in the normal group, 1045 (P < ,001), but

no significant change in either the remission group or

patients with active asthma.
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17.0

17.1

'CHAPTER VII

A i o e AR

LAaUCOCY s ADWIYY, CYCT.ASH ACTIVITY

Resgsvonse of lieucocvte Adenyl Cveclase to Tsonrenaline

The increase in leucocyte 3H cyvelic AMP in the actlive
or "acute" aéthmaéic group on stimulation with lOmAM
isoprenaline was not significant (12.47) and was associated
with a mean VBV, of 56% for the groun. This contrastg

3

with the 93% increase in “H cyclic AMP in the remission

group with a mean PRV, of 67% (table XXXVI).  These

. findings are in agreement with the clinical division of the

patients into those suffering from aciive or "acute" asthma
and from asthma in remission. These results are in accord

109

with %he observations of Parker and Smith’ who found not
only was there a diminished responsiveness of leucocyte
adenyl cyclase to isoprenaline stimulation associated with a
more severe degree of airways obstruction but, in addition,
two of their asthmatic vatients showed a waxine and waning
in this activity with remission and exacerbations of the

o7

illness. The results of Logsdon et all who found most
of theif asthmatic patients had reduced resvonsiveness 1o
isoprenaline, and those of Gillespie et a1108, who found
that most of their asthmatic vatients showed no difference
from normals in this resvect, are difficult to exolain, but
it should be noted that these authors did not rénort
meagurements of airways obstruction in their natients.

The significant differences in the control values of

adenyl cyclase activity in active asthmatic eroun and those
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Log 7 Increase in

Leucocyte Adenyl Cyclase Activity
on Stimulation with 10-4M iso

Fig. 27.
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BASAL ADENYL CYCLASE ACTIVITY

Relationship hetween the control (basal) leucocyle
adenyl cyclase activity and 1057;3O begdcent increase in
this activity in resmonse 1o 710 M isoprenaline
in patients with asthma.

(r = 0.82, student's t = 4.79, P < .001).

Tndividual data published (Patel, Alston and Kerr,

1974)169,




17.2

in remission suggest that in active asthma the leucoevie
adenyl cyclase may be almost maximally stimulated by
circulating endogenous catecholamines and that further

stimulation with sympathomimetic amines becomes increasingly

difficult, resulting in adrenaline fast state (Fig. 27) .

This diminished beta receptor resvmonsiveness in aoute asthma
is generalised and may also explain the diminished metabolic
responges to adrenaline administration in some patients with
asthma.

Tt is difficult to postulate whether the diminished heta
receptor respbnsiveness observed in some palbients with
asthma ig an inherent abnormality or whethér it results from
the severity of the disease. The presence of this
abnormality in patients with acute asthﬁa and inverse
relationship of engyme activity to the basal levels of
adenyl oyclase‘ac%iQity suggests that this enzyme svyvstem is
maximally stimulated by endogenous Tactors under the stress
of +the digease and further stimulation becomes increasingly
difficult. TIn addition, increased metabolisation of
catecholamines 1o 3 methoxyadrenaline and 3 methoxy-
noradrenaline, which are weak beta blookersl7o, could alsgo
acéount for diminished beta respvongiveness in these vatients

and this possibility still remains to be investigated.

“ffect of .Alvha Blockine Drunss and Quabain on the Leucocvie

Adenyl Cyclase desvmonse to Isoonrenaline

In Part I of this thesis the presence of alvha recentors

with bronchoconstrictor activity has been demonstrated in

fand
Ny
(]




human lung. The effect of alpha receptor blocking drugs
was therefore studigd in the experimental system. Yt is
clear that phentolamine and thymoxamine bbth restore the
responsiveness of leucocyte adenyl cyclase acltivity o

: isonrenaline.towardé normal in acute asthmatic grouvs.
Moreover, Cuabain, a potent inhihitér of Na¥ amd x*

205

activated ATPase , also restores the adenyl cyclase
respongiveness to isoprenaline towards normal in acute
asthmatic grouns. The similarity of the action of Ouabain
to that of the alvha Dblocking drugs suovnoris the view that
there is increased alvha recevntor activity in acute asthma,
+ ot .
and that the membrane bound enzyme Na K activated ATPase
. . . ) ... 110
is closely associated with alpha receptor activity .
110 _ N iy
Coffey et al have demonsirated with broken cell
preparations that there is increased ATPase activity in
the leuoocyteé of asthmatic children, and that this activity
cen be reduced towards normal by treatment with
hydrocortisone, and also that latter restores the
regponsiveness of the cells to isovrenaline stimulation.
fhis increased ATPase activity in leuwcocytes of asthmatic
patients cannot be attributed fto trecatment with broncho-
dilator drugs since these drugs show no effect on the
leucocyte ATPase activity of normal subjects treated with
. X . 110
sympathomimetic amines .
The above ohservalions would imply that the theraneutic

aporoach to patients with acute asthma would be to stimulate

their adenyl cyclase cyclic AMP svysten throusgh the combined
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17.3

use of beta adrenergic agonist and alvha recevtor blocking
drugs and indeed such an apovroach is feasible in management

' 206
of patients with resistant airways obstruction (Pigs. 17

and 18).

Relationshiv of Teucocyte Adenyl Cyclase Activity and

Airweys Respvonse 1o Beta Blockade and Allergen Challence

Tn 13 wmatients the leucocyte adenyl cveclase resvonse 1o
isoprenaline (percentage increase over the control wvalue) in
individual patients did not correlate with the chanses in

FEV1 and 80aw produced by propranolol administration or

- allergen challengce. Purther, no correlation was observed

between the total circulatine reagias (IgE) and the control
adenyl cyclase activity or its resnonsiveness to
isoprenaline.

However, when the bhasal or control 1éve1 of adenyl
cyclasce activity was ploited against the percentage incrcase
in the activity of enzyme on ztimulation with 10“4N
isoprenaline (Pig. 27) there was a siemificant inverse
correlation between the two parameters. The individual
data of this investigation was published in Clinical
Allergyi69 and the reprint of the paver is included in, the
Appendix.

Assuming that the beta adreno-receptor dysfunction in
asthma is generalised and also reflected in {the veripheral
leucocytes, the results of this investigation suggest that
the phenomenon of bronchial hyver-reactivity and Igwh

production may not be related to diminished beta recevtor
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function. » Tn normal subjects beta réceptor tlockade does
not induce histamine or methacholine hyper-reactivity
(Figs, 24 and 25) whereas in certain animal species beta
adrenergic bhlockade with dichioroisoprbterenol has heen
gshown to induce histamine hyver-sengitivity aad a state
regembling atopy in these animals45. Undoubtedly the
observations in animal experiments are important, their
gsignificance in the aetioclogy of bronchial asthma has to be
regarded with cautbion because of species differcences énd
failure to reproduce chronic unrelievable asthmatic state in
animals. The diminished beta receptor function in patients
with acute asthma may reflect a failiﬁg counter-regulatory
mechanism rather than be considere@ the cause of agthma.

In vitro experiments it has Dbeen shown that beta
stimulation is associated with inhibition of mediator

193

release from mast cells and leucocytes and with broncho-
dilatation. Patients with acute asthma being defective in
regponse to beta stimulation are prone to enhanced
immunological induced release of chemical mediators and
subsequent bronchoconsiriction. Roth alpha adrenergic and
cholinergic mechanisms have recently been implicated in both
. 98

enhanced mediator release and bronchoconstrictive

, 178 . . .
mechanisms . In so Tar as these mechanisms apvear to be
enhanced in their activity in asthma, it seems reasonable
to speculate that the enzyme systcms mediating these

influences will be found to be increased in iheir activity.

The alpha adrenergic ATPase relationship has been vproposed
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by Belleau and evidence to support this hypothesis has

: » v a4 55 L
‘been put forward by Coffey et al v Similarly,
cholinergic cyclic GMP relationshin hag been observed in a
number of tissues including lymphocytes and 1ung66. The
_cyclic GNP has been proposed to have an opvosing influence

63, It may be that the beta adrenergic

to the cyclic ANP
defect observed in the cells of asthmatic patients may well
result from more primary imbalances in the membrane ATPase
and guanyl cyclase cyclic GMP system. The effect of alnha
receptor blocking drugs and Na' xt activated ATPase
inhibitor, Ovabain, would support this hyvothesis, However
to confirm that guanyl cyclase activity ié also increased

in patients with asthma the lymphocyte guanyl cyclase

response to alpha and cholinergic stimulation was studied

in patients with agthma and normal subjects.
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18.1

LYNPHOC YT GUAN?L CYCTLASH ACTIVITY

(uanyl Cyclase Reswnonse to Alvha and Cholinereic Stimulation

and the Bffect of Thymoxamine on this Respnonse

The early work on the distribution and sub-cellular
location of guanyl cyclase indicates that in most tissues
studied it occurred mainly in the membrane-~free cytoplasm

of the cell in counirast with adenyl cyclese which is present

mainly in the plasma membrane207’ 208.

209

al™ .

However, Rudland et
have recently demonstrated that stimulation of guanyl

cyclase activity by fibroblast growth factor (FGF) in

BALB/C 3 TB cells in tissue culture was due almost entirely

to an enzyme activity located on the plasﬁa membrane

fraction. Since the concern was to explore cell recevntor

activities a method which measured plasma membdrane guanyl

cyclase activity seemed more likely to give significant
results. .Figure 28 shows that stimulation of lymphocvtes
with noradrenaline in presence of propranolol produced a
considerable stimulation of guanyl cyclase actlivity which
reéched maxiﬁum between 5 and 10 minutes and returned
towards baseline by about 15 minutes. This time course
activity experiment is comparable in the degree of
stimulation and duration of effect to the stimulation of
membrane bound leucocyte adenyl cyclase activity Qith
isoprenalinelo9. Purther, addition of phosvhodiesterase
inhibitor, theophylline, to the medium increased the basal
level of lymphocyte guanyl cyclase activity in both the

normal and asthmatic subjects without altering the overall



pattern of response. Thesc obgervalions suggest that the
_lymphocyte guenyl gyolase activity measured was membrane
bound.

T+t has been suggested that guanyl cyclase is activated

60, 61 and also by alpha stimulationsg-

by acetylcholine
In normal subjects alvha stimulatién with noradrenaline +
propranclol and cholinergic stimulation with acetylcholine
produced a very significant increase in cyclic GHP formation.
Unexvectedly, thymoxamine also produced a significant
although a lesser increase in cyclic GMP production in the
normal subjects which makes it difficult to exnlain action
of alpha receptor blocking drugs on this 5asis. However,
Illiano et a1210 in their studies on igolated fat cells
found that cholinergic agonist, atropine, also caused a
slight increase in cyclic GMP formation. In contrast, the
only significant sfimulatory drug effect on cyclic GMP
production in asthma pgtients' cells was observed with
thymoxamine in the remission group. Acetylcholine alone
and in combination with thymoxamine and alpha stimulation
with noradrenaline did not evoke a significant increase in
cyclic GMP formation in either the active asthmatic group
or patients in remission. These observations are the
reverse of what might have been expected as it has been
reported with experimental animals that increased levels of
cyclic GIP are associatéd with a more gevere degree of

anaphylaxislol. However,'Lewis et a160 have shown that

the effect of cyclic GMP on smooth muscle function is dose
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dependenté 16w concentrations producing tracheal smooth
‘muscle contraction whereas higher concentrations vroduce s
dose dependent relaxation. Thig effect of cyclic GMP on
smooth muscle can be explained by the influence of cyelic
GMP on cvelic AMP phosphodiesterase as suggested by Beavo

allOZ’ 103. Using narticulate prevarations of cvelic

el
phosphodiegterase from various tissues it has been shown
that low concentrations of cyclic G¥P stimulated hydrolysis
of cyclic AMP whereas with higher concentrations of cyeclic
GMP there was an inhibition of cyclic AMP hydrolysis

(Fig. 29). imilar findings have been reported for rat

3
1ymphooytes21l, and concentration of cyclié GHP reguired to
demonstrate this phenomenon is within the physiological
rangelo3.

The lymnhocyte guanyl cyclase activity in nofmal
subjects and patients with asthma can be exnlained in light
of the relationship of cyclic GVMP to cyclic AlP. Tn normal
subjects alvha adrenergic and chblinergic stimulation cause
a éignifican% rise in cyolic.GMP levels which mavy lead to
inhibition of c¢cyclic phosvhodiesterase vreventing
hydrolysis of cyclic AMP and thereby maintaining relaxation
of bron&hial smooth muséle. On the other hand, in acute
asthma alpha and cholinergic stimulation does not vproduce a
significant riée in cyclic Gl level. In this situation,

a low iniracellular concentration of cyclic GMP increases

the hydrosis of cyclic AMP through stimulation of cyclic

A¥P phosvhodiesterase resultins in increased bronchomotor
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tone and bronchoconstriction (I'ig. 30). The high basal

levels of adenyl cyclase activit , and the
responsiveness to isoprenaline stimulation of adenyl cyclase
in acute asthma supporis this hypothesis. Asthmatic
_patients in remission demonstrate cyclic GMP responses
nidway between those found in normal subjects and active
asthma. The factors depressing cyclic GNP regpouse in

acute asthma and confirmation that cyclic phosphodiesterase

activity is increased requires further investigation.
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Pig. 28. The noradrenaline (10"4M) stimulation of guanyl cyclase
in lymphocytes of normal subjects in the presence of

propranolol (2 x 10“4M) expressed as a function of +time
(& om).
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Fig. 29 Effect of increasing concentrations of Cyclic GMP on the hydrolysis
of 3H-cyclic AMP by rat liver supernatant and particulate fractions
{(Beavo, Hardmian & Sutherland, 19270)
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RELATIONSHIP of CYCLIC 3'5'AMP and 3'5'CMP

A adrenergic receptor o\ adrenergic or cholinergic receptor (?)
ATP GTP
adrenaline & isoprenaline ' noradrenaline &
z’/ /’l acetylcholine
adenyl cyclase A G:anylcyclase
35! c;rclic AMP 3'5' cyclic GMP

pho sphodiesterase phosphodiesterase

5' GMP

The oproposed relationshin of cyclic GVP to cyelic AWP
in control of bronchomoior tone. Activation of
guanyl cyclase Dby acetylcholine or noradrenaline
increases the concentration of cyclic GMP. High
-concentration of cyclic GMP inhibits cyelic AFP
phosvnhodiesterase preventine the hydrolysis of cyeclic
ANMP to 5* ANP, thus maintaining normal bronchomotor
tone. In asthma, the low.levels of cyclic CI'P
gtimulate cyclic AMP vheosphodiesterase and promote the
hydrolysis of cyclic AMP to 5' AVP thus increasing
bronchomotor tone.




CORRELATTON RETHIN PHYSTOLOGICAL AMY BIOCHREILC AL,

OBSERVATTIONS

In Man vharmacological stimulation of heta adrenergic
receptors in the airways causes bronchodilatation whereas
cholinergic stimulation induces bronchoconstriotionll7.

In addition, obhservaltions revorted here confirm the
oresence of alvha adrenergic recentors in the human
airways which when stimulated cause bronchoconstriction157u
It may therefore be postulated that the state of
bronchomotor tone in an individual depends on ‘the balance
between bronchodilator beta adrenergic an@ bronchoconstrictor
cholinergic and alpha adrenergic activities. In non-
asthmatic sgbjects, the balance of different autonomic
divisions is so adjusted that pharmacological stimulation
or blockade of any division does not change the bronchial
calibre significantly. This balanced autonomic control

of the airways in normals may also exvlain an attenuated
or absénoe of response to pharmacologically active
substances such as histamine,-bradykinin, S.ReBSe—Aa,
acetylcholine and prostaglandiné on the airways of these
subjeotal? 397 425 157,

In contrast, the patients with asthma show a great
variability in'bronchomotor'tone, an abnormality which has
been recognised for many years and considered 4o be the
hallmarlk of asthma. Marthermore, vharmacological
gtimulation of the beta adrenergic recentors in the airways

caunges merked bronchodilatation whereas cholinersic

astimulation causes bronchoconstriction in these natients.




\

In addition, the investigaltions reported in Part T of this
thesis confirm that alpha adrenergic receptors stimulation
in asthmatic patients can cause significant broncho-
constriction in both the central and perivheral airways.
in contrast to normal subjects, the balance between the
bronchedilator bgta adrenergic and bronchoconstrictor
alpha adrenergic and cholinergic activities in the airways
is more critical in asthmatic subjects and a changg in any
one division greatly influences the bhronchial calibre.

89

. ' S, 0
Although Prime et al and Simonsson et a19 have
demonstrated more directly the presence of alvha adrenergic
receptors in human airways, its role in control of
bronchomotor tone had not been investigated. Unlike Prime
89 et .

et al””, T was unable to demonstrate bronchoconstrictor
alpha adrenergic activity in normal subjects even after
beta adrenergic blockade with large doses of propranolol.
This observation would indicate that alpha adrenergic

‘e . . X meosas 11T
activity, like beta and cholinergic activities ,
contributes little in the control of bronchomotor tone in
normal -subjects. In contrast, asthmatic vatients develoo
significant bronchoconstriction following alpha stimulation
with phenyleohrine. In patients with acute asthma, there
is diminished beta recepltor resvonsiveness to

16, T1

catecholamines which increases with severity of

8 . . S
asthma7 . In such a situation, the minor alvha recevntor
gstimulating properties of catecholamines may become

dominant and cause bronchoconstriction by stimulatine

alpha receptors. This phenomenon may well exnlain the




adrenaline fastness or reversal commonly seen in status
agthmaticus.
In various provocation tests, alvha blockade with
. - . FUTS oo . 214
thymoxamine effectively inhibited histamine, exercise

15

2 . . .
and allergen induced bronchospasm whereas it had no

effect on vrostaglandin F2 alphalg5 or mechacholine induced
bronchoconstriction. The inhibitory effect of thymoxamine
in histamine, allergen or exercise induoé& broncho-
constriction may be mediated by ability of alvha recentor
blocking drugs to restore beta receptor responsiveness to

catecholamineslo7’ 168.

Although the overali inhihition
of histamine, allergen or exercise induced broncho-
constriction was statistically significant, there was wide
individual variation in these patients susgesting inherent
differences in airways sensitivity to different mediators
released in the type T reaction. Tor instance, in a
patient in whom thymoxamine effectively blocked allergen
induced asthma may reflect predominance of hist