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INFRODUCTION

Buring the course of examinations of feline tissues
nade for the purposes of routine diagnosis, the author noted
in the lungs arterial changes that consisted of medial
hypertrophy and hyperplasia with occasional intimal and
endothelial alterations. Accompanying those lesions, in
the majordty of affected animals, there was a hypertrouphy
of the muscular elements of the walls of the bronochioles
and of the alveolar ducts. Whem it was realised that the
condition was fTairly commonr and €hat little yecorded
information was available; its nature and significance were
considered worthy of investigation. Accordingly, a
progranme of research was instituted whieh examined in turn
the normal pulmonary vasculature of the cat, the incidence
of the arterial abnormality and its association with the age
and the sex of the animals and concluded with the influence
of particular diseases on the aetiology of the pathological
alteration. flucidation of some of the problems concerned
in the arteriopathy led to attempts to reproduce the same
disease by experimental means. %he thesis which follows is
a record of the wﬁrk completed and of the conclusions reached
pertaining to the subject of pulmonary arterial disorders of

the cat.




PARY ONE.

THE PULMONARY ARTERIAY BYSTEM OF THE CAT.

1. HORMAL PULKONARY VASCULATURE.
2., MODES OF MEASUREMENT.

3. MATERIALS AHD METHODS.

4. RESULTS.

5.  DISCUSSION.




1. NORMAL PULMONARY VASCULATURE,

Any effort o assess the pathological changes
encountered in an organ hangs on an understanding of the
normal éﬁruaﬁurﬁi characteristics and the {ollowing state-
nents cahcern&ng the pulmonary vasculature of the healthy
cat are given for that purpose,

There are seven lobes in the normal pulmonary
architecture of the cat the right lung having four
{designated the apical, the cardiac, the diaphragmatic and
the mediastinal) while the left lung has three (called the
apical, the cardiac and the diaphragmatic) and branches off
the main pulmonary arteries supply those divisions. The
pulmonary trunk and the large pulmonary vessels {exceeding
150 microns in diameter) are classified as elastic arteries,
the media of which consists of concentrically arranged
elastic fibrils together with some smooth muscle fibres,
eailagan and an acid mucopolysaccharide ground-substance,
FThere is a thick internal elastic membrane, the intima is
cuoaprised of fibrous tissue lined by endothelinm and the
adventitia consists of acellunlar fibrous tissue. in the
smaller elastic arterics an external elastie lamina is alseo
prominent.

s dim the case of the systemic vaseulature, the elastic
arteries merge into those of a muscular type in which the
comparatively thin media consists of ciroularly asrranged

nusele fibres, bounded by an internsl and an external elastie




membrane, but the adventitia is small in amount, The
vessels may range {from 20 o L50 microns in diameter.

The susculasp a&t@v&eﬁ give way o the arterioles which
display an ondothelial liaing, a single clastic lamina,
little adveatitia, not any suscular media and have a diameter
of 20 mieran$; or less.

The maﬁ@&lar pulmonary arteries branch with the
bronchial tree and lie oleose te the bhronchi, bronchioles -
and plveolar duets which they supply before thay oxtend to
the pleura. The alveclar capillaries open into the
puilmonary vennles which are sinilar in histological
appearance 1o the arterioles already described. YVenules
drain into the pulmorary veins, the adventitial coat of
which is wmoderately thick and fibrous while the media is
constituted of smooth musecle intermixeékwiﬁk collagen and,
sometimes, with elastic fibres. Whem the latter are present,
they are of delicate structure and rather haphazardly
arranged, The interaal and the external elastic. laminae
are not closely defined and; because of the lack of secondary
lobules and the absence of limiting supportive septal tissue,
the velns: pursue a more direct route to tho hilum of the
lung whereby a8 close relationship with the bronchial tree
is not maintained. (McLaughlin et al., (1061),

The bronchisl artories fellew the course of the
bronehial treo, closely adhere to the broanchial walls and

bifureateo with the brenchi, brasching and anastomosing




ropoatedly to supply the lymplhi-nodes, the advoaltitia of

the larger mascular pulmonary arteries, veiuns,; broachi

and bronchioles. They terninate in a capillapry bed,

comuon with the panlmonary artery at the level of the
respiratory brounchiocles, and fimally drain inte sither the
left ateium or the pulmenary veins (Melaughlin et al., 1961).
The arteries are composed of an intima of endotheliun,; a
thick internal elastic nenbrane, a regulay media of circular
smooth muscle and a thin external elastic lamina whieh is
fraguently absent, The longitudinal muscle eonspicuous in
the bronchial arteries of many othes animal species is not

a feature of the eat,

Differentiation betweon aprteries and arterioles has
been confused in the paat. Inn human lungs, Brenner (2938§)
designated as elastic arteries those vessels with a diameter
greater than 1000 sierons, as muscular arteries those between
100 and 2000 microns in diameter and applied the Lterm
arterioles when the diameter was less than 100 microns.

Harris and Heath (1962) sgreed with Drenner (1935)
but Hechd et al. (1959) stated that, in the ox, vessels down
to 20 microns in diameter may be muscular.

Iin a study of the pulmonary vessels of 14 animal
species, Best and Hsath {1961) remarked on the enhanced
puscular content eoncountered in vessels of as little as
20 migrons in diameter, They assertoed that in the eat,

mascnlar pulmonary arteries ranged in sige from 20 to 80




mierons and wore From 30 to 90 microns in dlamcter in the
case of the ox.

&l@xamﬁév and Jensen {1063) %ﬂﬂ&i@ﬂ?@ﬂ that puscalar
arteries of the ox lay between 150 and 300 mierons ia
diancter, They suggested that the discrepancy between
their figures and thoso of best and Heath (1961) was
probably not as serious as it seemod sinece the transition
fyom musenlar to elostie arteries was a graduaal one without
any abrupt limitations. Additionally, the determination of
size of vessels was greatly infinenced by tho age of the
animal and the state of vascular contraction, both of which
factors may vary within the same lung as well as among
different lungs. -

By the same token, it was considered that the
fipures givea for the calt were rather low and that values
between 20 and 150 microns ia diametler were more appropriate

for the pulmonary muscular arberies of that species,




2. MOBES OF MEASUREMENT.

Sone standard means of agsscssing and conparing
gifferences in the size of artepies are essential and,
towards that end, there are several possible mothods,
cach of which has its advantages and its disadvantages.

Bpennor {(1935) collated the thickness of the media
with thé dlameter of the external elastic lamina and
eﬁpwésﬁad the result as percentage medial thickness ﬁf the
diameter of the vessel. Harrdies and Heath (1962) cast
doubt on the accuracy of such values for human pulmonary
arterics below 30& micerons in diameteyr and considered the
measuraments to be too high for that aigﬁa of vessel.

Rernohan ¢t al. (1929}, Norleeck (1939), Olcott
et al, (1946) and Pammann and Ferencz (1950} compared the
ﬁhiékness éf the wali of the a#ﬁewy'with the diameter of
the lﬁmeﬁ. | o

Otlleal et al. (1955) improved on Brenner’s method by
measﬁring the media at a specified level, namely, that of
the first respiratory branghﬁaﬁe although the main
disadvantage of the procedure lay in the difficulty of
finding a sufficient number of vessels out in the proper
plane,

Naeye (190l1a) related the area of the media to that
of tﬁe intima by projection and planimetry, which practice
appeared to give satisfactory resualits although the

technigue involved was laborious.




Wagenvoort (1960) measured the asmount of arterial
ausele per unit off lung tissue and claimed that such a
meﬁh@ﬁ helpod to distingnish between contyocted and
thickoned vessels.

Other workers, e.g. Weleh ond Rinney (3048} and
Seratchord and Wright (1961), applied a visual wmode of
grading which is acceptable under soue ciraumstances but
iz not sufficiently critiealé ospecially when changes are
of marginal Rind.

Towards a deecision as to which nethod was most
applicable to the cat, the following factors wobe taken
into consideration:

{1} %he method should be as accuprate as possiblo,

(2) feecause in some of the pathologically affected
artoriss uxacséive changes were found to he associagted
with dissolution of the exﬁarnai elastic lamina, thal
structure shonld net be used as a basis {or measurement.

{3) &Gince in some affected luangs abnormal torduosity of the
pulnonary arteries tended to i@apaa&a the ancunt of
apterdial muscle per unit of ‘lung, Wagenvoort's method
was open Lo error.

{4) wWith regard to the pathological changes known to oeccur
in the pulmonary arteries of the cats; it was considered
sufficient to.treat the arterinl wall as an entity
rather than to stress the differences in the various

layers.



The ultdmate eﬂné&uﬁi@n reached was that, for the
purposes of the investigation under report, the most
practical and informetive method was that in which the
thickness of the arterial wall was cumparad,wiih that of

the diameter of the lumen.
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3. MATERTALD AND METRODS.

Fifty~two healthy cats, consnigbing of © kititens
(1 to ¢ months of age), 18 young fomales and 25 young males
{7 nonths to 2 years of age), were used to obtain normal
values for the pulmonary artories. As im all cats
saerificed for the purposes of this thesis, euthanasia was
induced by means of intra-peritoneal injectlon of an over-~
dose of pentothal and, immediately after death; the lungs
of cach animal were removed and a small quantity,
approximately 5 al., of 10.0% formolesaline solution was
introduced via the traches to assicst in fixation of tho
tissues. The organs were thean immersed overnight in a
bath of the same fluid and, when fixation was complete,
transverse sections - two to four from each lobe - were
exoeised and embedded in paraffin wox. Three such blocks
of tissue from each lung, te be used for the identification
of lipoidal waterial, were alse taken for sectioning by the
freezing microtome. Portions of kidney and myoscsrdinm
ware similarly treated, following which, sections of the
latter organs and of the lungs were out o o thickness of
five picrons aud stained by haematexylin aond eosin or by the
Sudan IV m&théd for noutral fat, In the case of several of
the animals,; further study was moade of those ltisounes by use
of Lawgon's elastic stain, Gomori's aldehyde~fuchsin, Van

Gleson and the periodic acid-Seblff methotis of staining.



The mode of measurement of the pulnonary arteries
was as that deseribed by Kepnchan saf al. (1920}, Norloek
{3039), Oleott gb al. (1946} and Dommann and Farenes (1956} .
With the aid of an conlar microneter calibrated to a
binoenlar micrascope at a negnifioation of 450 diancters,
measurenents as ilinstrated in Fig., 1 (p. 11) were nade.
inly vessels cat at right angles Yo thelyr course wore
heoded and the distances A-B; G, EF apd GeH were
determined, added and the average value for tho thickness
of the wall ecaleulated, - Lhe distances B« and =8 wepe
similarly found, the average diameter of the lumen
ascertained and from those figures the wall-to-lumen ratio
of the artery compnted, In each lung, ten arteries were
investigated im the above manner in sectionsy stained by
haemetoxylin and eosin.

At the close of the investigation 520 arteries from
364 lobes of 52 different cats had beon measured, The
resulis and ﬁém@lusiﬁns of the exercise ave presented and

discussad in tho course of the following pages.




Fig, 1
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4, RESULYSG .

The proceding investigation revealed that the mean
valleto-lunen ratios for the arteries measured varied ees
$.1837:1 to G.2074:1, giviag an extrene diffoerence of Q.0587.
For sach mean in cach group, the standard deviction vas
calenlated and, as Taebles 1 and 2 {(p. 15 and 16} show, in
avery cose a high percentage of the individual measurements
were Tound to fall within the standard deviation. lilnety
four bto 1D0% of the measurenents lay within twice the
gtendard deviation and in eonly three groups out of the ten

.
did a saalld percentage lie boyond three times the standard
deviation. From those figures, it was conciuded that the
distribution arcund egch nean figure vas satisfactory.

The average of the walleto-lumen ratios of pulmonawy
arteriesn of diffepring diameters in the kittens, oldey pales
and older fomales, vwas compared in turn with nembers of the

same, and of the obthor, groups. To test both the
vapiability and the validity of the mean figures nse was

nads of the formmla

Nﬁm&m = r!- %@E e
nk

where 5 » the standsrd deviation, n = the number of

individudles and A and B are the groups ander comparison
¥

C{Hil1, 1962).




i3

The results {(Tables 3, 4 and 5, p.17 , 18 and 19)
show that, whoen those walleto-lumon potics were compared,
not on any occasion did the differense belweon mesns entceod
the standard eyror by a siguificaat mavrgin. Aecovdingly,
it was goncluded that the mean wall-to-lumen ratios of
mmlm@nary arteries of veryiang sizes, in animols of thé age
groups exemplified by kittens and young adults of both sexes,
did not differ significantly.

It was thought anecessary furthor {o iavestigate
whether any difference obtained in the walle-towlumen ratios
of pulmonary arteries in different lobes of the lungs;

That aspect was consldeved by Harris and Heath (1962} to be
important in Iung blepsies since they found that arterins

of the tinsulae pulmonis possessed a thicker meodis than did
those of other parts although sueh & view had beon ecarlier
rejected by Wageaveort (156G}, In the oase of sevean of the
original cats, therofore, ten arterdes from caech pulnonary
lobe were measured ian tho nanmer already described and the
moean wall-to-inmen ratios caleulated. Table & (p. 20)
presents these results which idondieate Bhat the refdos lie
within a comparatively nasrow range,

In sumnary, 1t may be stated Gthat Hhe findiags failed
to reveal any significant diffeorences ameng Lhe anean walle

to-lunen ratios of the pulmonary avberics of:




14

. male and female young aduld cats,

2. young adult cobs of either sex and kititens up to six
nontha old,

3. any group, .., young adulé male or female and kittens,
in respact of sizge of grtery, and

A, different lobes of the Ilungs.

Thoge faets ascortained, it was decided that in
asunbsaquent investigations any animal with a mean wali-to-
lumen ratdo of §,35:1, or nove, shonld be considered

abnornal . Phat Flgure was chosen because it was virtually
twies the lowest normal mean ratio of the series (00,1537,
Yable 1, p.1§ }, and wheu conpared with the highest and
lowest aean figures {(0.2074 and 0,1537 respectively,

Table L, p. 18), a &igﬁiﬁieant difforence bebwesen the

valuas wans established on sach vocasion,
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5. BISCUBSLON.

There is little precorded information concerniog
arterial mensuration in cats but OGleott el al. (1946)
found, in respect of 24 arteries from the lungs of eight
such anlmals, a mean wall-to-~lumen ratio of 0.1731:1 which
closely approximates the findings reported above. fiy
similar netrical neans applied (o human maberial, Dammann
and Ferencs {1956) established values foy normal pulmonary
arteries that varied from a mean wall-to-lumen pratio of
L:Ll inm the instance of bablies, a few weeks old, to ©.14:1
in the case of adult persons, Althoush those authors
stressoed the difference in the ratio that they foumnd to be
assoeclated with age, the present investigation did not serve
o reveal a simdlar state in the ecat for the reason that it

did not oxtend to animauls under one month of age.
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L. A REVEEW OF 288 LITERATURE.

Hypewrtrophy, and in some cases hyperplasia, of the
medial coat of pulmonary arteries of the oat has been
recorded in Che literasture on several oucasions., The
fipat docuncnted reforence was by Campbell (1927) who
noted, in two cats saffering from oxygen deficiency,
hypertrophy of the bunica musenlaris of the pulmonary
arteries and of the plaoin muscle of the inter~alveolay
septa and rogarded those changes as a physiolegical
adaptation to .ack of oxygen.

Bttinger (1938) described constriction of arteries
and arterioles as & result of the intravencus injection of
the dye, Jan us green. Moreover, in an uwaspecified number
of cats he found that, in half-grown animals, the dye served
Lo reduce the porfusion-rate by 25.0% and, in the case of
the fully-grown animsl, to cause vasoconsbtpiction that was
suificient Lo obstract completely the flow of blood.

Pritchett (1938) deseribed artevial changes in the
lungs of o8 sixz-months-old eat which had died of lungworm
diseasg.

Rubarth (1940) recorded a foeal hyperplastic process
associated with intimal proliferation and fibroasils in the
pulmonary arteries of five cats, four of which were seven

yeara, or more, old. The author did not come to any
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conclusion regarding the aetiology of the condition although
he did state that the latter was not found in many young cats
and that it was of nmore severe type in the oldest. of his
experimental animals. The lemion was considered to be
post-natal in onset and probably of idlopathic origin or
even, in the worst of his cases, te border on nenplasia,

Marcato (194¢) discuswed the arterial lesion which
he encountered in 12 out of 30 cats the majority of which
were of an older age group. The changes occurvred in
arteries of 100 to 500 microms in diameter and were
characterized by fragmentation of the elastic layers with
conspicuous fibro-elastic intimal prolifevration in addition
to hypertrophie changes of the media. Conmparing the lesions
with thoso of pulmonary artepiosclerosis of man, notably
with vegard to age-disteibution, the author concluded that
the condition was one of senile arteriosclerosis.

Neumann ot al. (1942), using cats Lo assay the
effects of insuliln and of metrazol, found that two out of
nine animels treated with insulin suffered from what they
described as "a peculiar condition” in which considerable
thickening of the walls of the pulmonary vessels was
accompanied by proliferation of the endothelial cells and,
»im some cases, there was also marked iafiltration of the
adventitia and intims by neutrophilic and eosinophilic

leuncocytes, After the administration of metrazol, the
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authors found that five out of 11 animals had similar
pulmonary lesions while of seven contyol cats one was
comparably affected. In the case of noither group was
any sxtra-pulmonary arterial change described, the ages of
the animnals were not given and the authors did not explain
the puimonary arterial leasions.

Olcott et al., (1946), in a study of the lungs of more
than 150 eats, discoversd only three cases of pulmonary
arterial hypertrophy and hyperplasia. All the animals
showed a degree of medial change but the elastic layers
and the endothelium were intact and, in at least one cat,
all the pulmonapry arteries of the section were affected.
0¢ the three cate one was 235 yeara old, eone had reached
adulthood and the other was a lavge male cat of unstated
age. Examination of the arterien from a large saléetinn
of organs, and from one heart, failed ¢o reveal any change
comparable with that of the pulmonary vessels and the
@énc&usian@ reached were that th@ process was of ehronic
nature and not referable 4o either inflammatory orx
atteriosclerotic disease, It was spgegested that the
lesions might be associated with the dependent position of
the lungs in those animals, althongh the available infor-
mation was imauffieiunt to substantiate the hypothesis,

In five further control cats, of unknown age, pulmonary

lesions were not found.
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Hof'f et al. {1951} stimulated the cerebrol cortex
of cats by mesns of clecirical inmpulses passed through the
intact shkull and found that, whem sueh exedtation was
naintained over a perilod of one to sixn weeks, pathological
changes in the gleoemeruwldd and tubules of the kidney resulted.
Avcording to Rell eb al. (1980), the formor anthors also
observod mediad hyporteophy of the pulsonary arteries and
arteriolos,

Blodsdell (1952}, im a thesls, remarked on the presence

of arvterial thickendng in cate iafested by Aelurastronsylus

abatruans, the lungwora of the cat,

Artorlosclerosis off the cat was reviewed by Lindsay
cad Chaileff (1985) but refervence was not made te the
primonary vasculature,

Kell g al. (1956) eoxplered in detail the pulmonary
lesions thet they found to be asscociated with excitation
of the cerebral pressor sechanisms by various stimuli and
further attompled to establish whether, or not; the condition
ececurred spontanesusly in the oat. The aunthors examined
28 animals, eleven of which were from three months to four
years old but tho renaialng 17 wore of unknown age. af the
latier only four showed mininal change of the media while
not one of the younger animals proved to be afffected, from
which findings 3% was deducod that the sponsanecus condition

in eats was “RCOEmON 6 iy the use of metrazol; the onthors
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sbinulated the vasomotor coentves of the braim of 19 cats
{including throee 4-monthe-old kittens) and Found that 1§
showed pulmonary arterial lesions of varying severity.
A Tinal group of 10 cato was subiected to clestrical
impulses transmitbed o the brain via electrodes atiached
e the skin, Throe of the animals were given the stimmii
nlone; one amimal was treated with epinephrine as soon as
the inpulses were terminated while the vemaining six were
bled to varving ancunt irnmediately after stimlation.
fwe of the first four animale showed slight alteration of
the pulmnonary apteries wvhile all of the cats, which were
subjeacted to bleading in addition to stimslation, werae
fonnd te have developed medial hypertrophy and hyperplasia
of noderate to extrene degree. Horeovoer, two of the latter
aninals ciso showod some latimal peroliferation, Decause of
the abzence of pulmonary oedema, tho possibilily that the
lesions wore sacondary to cardlac failure was discounted.
From thelir experinents the puthors goncluded that the
ohaervod changes in the pulmonary vessoels were nob
incidentel but represented o reaction $o repeated, wide-
spread and massive vasomobor stimmlation, HBuch o response
micht apise from vasoconstriction of aeusrogenic origin
and/or as a result of generalized peripheral vasoeonstyiction
caused by pressor sebstances resalting from cerebral

stimelation and leading to cocumnlation of the blood inm the



lesser circulation. Othor vhaa that it may have
potentiated the arterial lesion, the import of induced
haenorrhage was 0ot explained. Hention was not aade of
any of the extrapuimonasry arteries.

Martin (1959) described the condition in two cats
which had died Trom hepatic fallure and gastro-euteritis,
respectively. The preseace of hyperirophy of the medlal
muscle fibres, intimal fibrosis, atrophy of the elastic
laminae, endarteritis and perlarteritis led him 0 believe
that the changes were comparable with thoese found in
pulnonary artericsclerosis of man.

ﬁahmé (1960}, dn a erivique of the litorature and his
own findings, did not report any ovidenco of cardias
disease to be assogiated with the pulnovary asterial lesions.
The latver were of focal distribution in which the medisl
muscnlature was wainly affected although puscnlo-elastic
thickening of the intima attended by the formation of
iongitudinal musclo was irow time to bvime encountered,

He considered the lesion o be a phenomenon pep se and
sugpested that the hyperbtrophic and hyperplastic condition
represented a reflex vasonotor response Lo funetional
overioading, similar to the “vasospastic artoprlosclorosis®
that was described by Barnard (1957}, Lhe viow was also
advanced that hormonal or nervous factors may alse enter

into the aetioclogy of the disease.



29

Hokenzie (1060) ﬁiseaé@ﬂﬁ arterial lesions in {twe
12 vechkseold-kibttens infested by lungworns. il declared
the small pulnonary avteries to be ontotandingly affected
and, in some eases, o bo acconpanied by dntimal
proliferation and fibrosio, Mild levcooybic infiliration
of the thickened intima wes frequently prosent and inpsrted

the appeavance of gpdarteritis ohliterons. The author

< AT R

related the avterial lesions to the parasitie cenditicon,

tedial bhypertrophy and byperplasis of the pulmonary
arteries of the cat was repovied by Serabcherd and Weight
{1661) who emanined sections of lungsfrom 1LL cats. By
means of an arbisrary systom of glassification dn which the
poverity of the lesion was denoted by pimﬁ symbols, the
anthors estimated that 306.0% of the cate suffered from
sone degrose of the abneormality. At least 50 wore aduld
animalo but the ages of the other 61 cates wore not
specified, The anthors also found thabt, 17 the lesioen
was: present in one lobao, it otcoarred in all thoe others
and, in the najority of ecases, the changes were well
distributed throughont cach lobe. The wmain abnormality
was a hypertropbhy and hyporplasia of the medial coat of
the arteries although wmild intimal fibrosis freoguently
was aotoed. The preseuase of hypertrophic smooth mnsecle
glaoowhers in the lung was also observed and was considered
o have oprdginated from blood vessels and broachioles.

A factor in the production of the condition was thought




to be repeated waves of emboli of a parasitic nature from
the intestine since, according to Darnard {1953 aad 1@57?;
injections of gas and particulate material were found,
experdmentally; to produce some degree of thickening of
the medinl cvat of the muscolar pulmonary avteriesz together
with dntimal changes.

Homilton {(1903) reported a case-incidence to 9,68
af lungworn infestation in domestic cabts in the West of
Seotland and described hypertrophy and hypérglaﬁia of
arcvesies along with intimal proliferation and cccasional
fibrosis. uoting Cameron (1929 and 1032), the author
suggested that the parasite may cause irpitation toe the
blood vessels either during nigration or after localization.
Again, like Blaisdell (1952}, Hanilton (1663) conceived
that the vascular arvchitectural éhanges were provoked either
by a product of parasitie origin or in response to an

inerease in pulmonary arterial preszsure caused by the

physieal presence of the parasites.

Jubb and Hennedy {19632) meution the arterial disorder
of cats and suggest its close correlation with lungworm

infestation.
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2., A SURVEY OF PULMONARY ARTERIAL DISEASE OF THE CAT,

a, laterials and Methods-

The need for a fresh investigation destined to
aecertaim the true incidence of spontaneous airterial
disease in the cat was prompted by the lack of recorded
evidence coupled with the conflicting statements by Kell
et al. (1956), who reported that pulmonary arterial lesions
wore rare, and the arbitrary testimony of Scratcherd and
Wright (1961) whe claimed that there was an apparently
high incidence of the coadition. Towards that end, a
survey of a random collection of cats was made and by the
application of the methods previocusly employed ¢o normal
cats, 250 cases were examined. The animals were received
from veterinary practitioners, from other animal houses in
the University and from the local Cat and Dog liome and were
representative of different ages and both sexes,

Enthanasia was induced in animals obtained alive and,
after esach cgt became unconscious, a sample of blood was
withdrawn into a tube containing secquestrence as an anbti-
coagulant. and thereafter subjected to the following
examinations. The total white cell count was estimated
in ;n haemocytometer on a sample of blood diluted 1/20 with
2.,0% (v/v) acetic acid while the differential white cell
count was performed on an air-dried film stained by the

method of Leishman. The concentration of haeméglobin was




determined by the oxyhaesmoglobin method ia whieh a 1/200
dilutlon of blosd in 0.04% (v/v) snnonium hydvoside was
examnined in a spectrophotometor at a waveslength of 540
nillinioronsi. Packed ecell volume was ascertained in
haematoerit tubes which were centrifuged at 3,000
revolutions pey minnte for 30 minuiles. The method of
wistrobe was used to assess the erythrocyhe sedimentation
rate and was carried oud at voon temperature and the
rosults rend alfter a period of 60 nmionbtes.

in all the andmals a comprehensive pest-morbten
‘oxaaionation was earried eut and; as fopmerly, the lungs
bogether with the myoeardium and kidneys vwere roemoved and
processad. The wall-=to~iumen ratios of the pulunopary
arterioes were assessed by methods similop to those which
hod been applied to normal animals, Additional staining
nethods enployed wero Ma§;6ﬂ°$ agd Mallorys connechivew
tigsue atains,; Aleian bilue, Gordon and Sweel'’s mebthod for
reticnlin and Destl's carmine staia for glycogen. Those
nethods were applied o sceotions of the pulmonary, nyecardial
and renal tissues of andmals, the pulunonary arteries of
which, displayed a walleto-lumen ratio of 0,35:1, or nore,
in addition, portions of liver, gastro-intestinal tvact,
ilynph-nodes, spleen, panoreas; adeonals, thyrolds and
pituitary were cmbedded in paraffin-wax and eut into

sections of five microns in vhickness to be stained by
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haematoxylin and cosin. Sections of adrenals were
treated also by Schultz's method for the demonstpation

of cholesterol.

b, Incidence and Association with Age.

0f the 256 animals examimeﬁ; 89 were found to have
suffered from some degree of pulmonary arterisl hypertrophy
and hyperplasia, to a case~incidence of 34.7%. That rate
becones nore interesting when it is related to age groups,
as hag been done in Table 7 (p. 34). For simplicity and
convenience, the ages have been divided into four groups,
nanely: old animals, aged nine years and over; adult
animals, aged thyree o eight years; young adults, seven months
to two years old and kittens, from one to six months of age.
The ages of ravher more than half of the animals were
ascortained from the owners with a fair degree of accuracy
while those of the rest were broadly assessed on anatomieal
grouands, such as the conditien of the testh and the thick-
ness of the shull bones. smimals of the younger age
groups were comparatively easy to recognisc.

Just over half of the members (52.4%) of the old
group were onnd to be affected while adult and young adult
animals togebther with kittens were afflicted to a percentage
of 39¢3, 23.4 and 15.0, respectively. Thus, Table 7 (p.34)
indicates that the incidence of cases was highest in the old

age group and tended to drop as age decreased, although the
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number of younger animals inveolved was not insignificant.

Table 8 (p. 36) shows the morbid process as it has
been distributed over five grades of severity. It is to
be observed that in all the groups,excepting kittens,
roughly similar proportions fall within the zone of maximal
severity. Such a finding is at variance with the usual
concepts of senile change which assume that the most severe
lesions supervene in older organisms,

The age-incidence of pulmonary arterial hypertrophy
of cats reported in the available literature may be
sunnarized as fallﬁﬁs. In respect of a group of 12 out of
30 animals, Marcato (1940) reported that all but two cases
occurred at an age of four to five years and upwards, while
Rubarth (3040) did not recognise the condition in young
experimental cats but only in those over seven years of age.
Dleoott gt al. (19046) cited cases in three cats of which
latter one was given as 231 years old but the other two were
of undetermined age. Seratcherd and Wright (1661) did not
specify age groups although their estimated total incidence
of cases (36,09} approximates the figure of 34,.7% experienced
by the author of this thesis. Neumann et al. (1942) did
not mnention age in their report and the experimental animals
used by Kell et al. {(1956) wvere conprised of a mixture of
age-groups ., Pritchett (1938) described arterial changes

in an animal of six months of age affected with lungworm
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disease and deKenzie (1900) rvoported the condition im twe
kittens thyoe months old, Hamilton (1963}, in & record
of pulmonary arvterial lesions in 12 eats afflicted by
lungworm, gave the ages as old {three animals), adult (one
animal), young adults {five animale) and hkittens (theee
animala}.

Thus, throughout the lLiterature on the subjeet,
emphasis has boen laid on the fact thal the spontaneous
gondition usually occours as a senile change, although il
has also beoen raﬁarteﬂ dn several kittens and young adulta.
The results gquoted above domonstrate, however, that the
condition iz not unknown in the younger age-groups and thoat
the severity of the lesion is nolt te be related to advanciag
FEALs o

Suel obpervations canse doubt to bhe cast on the
hypothesis that pulsonary artorial hypestrophy and hypepw-
plasia in the ead is purely an ageding procesns.

.« o8

G, Amsogiation with Sox.

The percentages of 34.5;, 35.5 and 33.3 presented in
Tableo ¢ (p. 38 ) im relation ¢o male, femole and nentep
animale Ffoil to establdeh any narked difference im the
ovarall incidence in the three categories of animal.
Further study of the figures pertaining to sex and age,
{Tablo 10, p. 39 ), supgests that enhanced sox incidence is

not characteristic of any age group. flence, sex does not



appear to play any part in the aeticlogy of the pulmonary
arterial hypertrophy, a fact which contrasts steikingly

with the state of offairs in the human beimng, in whom

arterial disease is generally more prevalent in males.
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G. Association with Other MNorbid Conditions.,

Tables 11, 12, 13 and 14 {p. 41 to 45 present the
various diseases that in each age~group were found in
associetion with pulmonary arterial hypertrophy, in
comparison with those encountered in animals in which the
arterial lesion did not exist,

The first important point te ererge is the considerable
number of animals in which a comprehensive anatomical and
histopathological exéminatian failed to reveal the presence
of any morbid process other than the pulnonary arterial
lesion, Such wvas the case among 42,.4% of the aged animals,
in the adult group to 65.7%, in §3.3% of the young adult
group and in 50,09 of the kittens.

Secondly, the variety of diseases present in the
affected group was much the same as that ebserved in non-
affected animals, with one exception namely, lungworm
disease, Thus if Table 11 (p. 41} be examnined with special
reference to old cats, members of both groups will be found
to have suffered from chronic nephritis and from the sane
nunber of neoplasme. ven ¢he types of dumour werc not
dissinmilar and included lymphosarcoma, alimentary carcinoma
and meningioma. The only mnecvplastie growths not represcnted
in both groups are skin carcinoma, smammpary carcinoma,
hapatoma and osteosarcoms, none of which seem likely to have

inhibited or promoted the pulmonary arterial condition.
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Other disorders of the lung appear to have had little
effect since, with the exception of the diaphragmatie
hernia, oxamples of idaflammatory lesions ccour in both
pgroups as; too, doss entoritis. Lungworsn ﬂis@aﬁe was
noted only in the animals with the avterial abnormality.
Savo for a fow morbid processes, Tables 12, 13 and 14
(p.43 tod5 ) present a fairly sinilas picture that
includes the presence of lungworn diseaso only in the
group dlsplaying arterial lesions. The ccourvonce of
lungworn infestation only in the animals affected with
pulnonary arteprial lesions assumes greater importamcee in
the younger age-groups in which it is seen im 50,07 and
33.3% of kittons and yaang adults, respectively. Even
among adulits it romains the most prevalent iedividual
disease and it also ccturs to not ionsignificent incideonce

anong old cats,.
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3. CONCLBSION.

The resulta, ao for given; do not indicato any close
asseglation with age or sox. liowever, they have demone
strated that, while a large proportion of the affected
andnals wos not found to suffer from say obher disease, in
the remsinder thare oceourred a variety of congditions which
dn disteibution was alnoat identical with that manifested
by the unaffected group. Te that statement lungworn
infestation is the solitapry cuception, a fianding thal may
ke purcly colucidental, but the fact thot the condition
conprined o substantial ratio of the disease present and
that thore was not apy instance of it to be found in
animals free from the prlmenary asrtevial disepder suggests
that that form of poarasitism is peonliarly associated with
the development of pulmonary medial hypertrophy and hypep-
plasia of the cat. That statement supports tho view of
MeRensle (1960) and that of Jubb and Kennody (1963) who
suggested what the parasite and the arterial lesions were
gausatively related.

It appears, therefore, that animals suffering fron

the arterisl lesions together with the smuwsoular hypoertrophy

of the walls of the bronchioles and of the alveolar ducts,
fall dimto the following three categories:
Group 1. Those infested with lungworm.

Group 2. Those without any other morbid condition.



Group 3. Those afflicted by diseases other than lungworm
infestation.
in Part 3 of this work each of those diviéiena of
aniﬁ#ls will bo examnined wiﬁh special refarenee'ta the

pulmonary alterations.
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PART  THREE,

FORTHER INVESREIGATION OF THE CIRCUNMSTANCES SURROUGUNDING

THE CCCURRENCE OF PULMONARY ARTERIAL DISEASE OF THE CAY.

1.

2.

INVESTIGATION OF ANIMALS SUFFERING FROM LUNGWORM
INFRSTATEION, (GROUP 1).

a. & Reviow of the Literature.

b. The Parasite and its Life Cycle.
¢, Clindeal Manifestations.

d. liaematologieal Pindings.

e. Morbid Anatomy.

§. Histopathology. (1) %he Lung Substance
_ {2} %he Vasculature

g. Discussion.

INVESTIGATION OF ANIMALS WITH PULMONARY ARTERIAL LESEONS
XN PHE ABSENCE OF OTHER MORBXD CONDITIONS . (GROUP 2).
a., Morbid Anatomy. '

b, tHistopathology.

INVESTIGATION OF ANIMALS WXTH PULMONARY ARTERIAL LBSIONS
IN ASSOCIATION WITH VARIOUS DISBASES. (Gnour _3).

a., Norbid Anatomy.

be Histopathology.

ABSCUIATION OF PULMONARY ARTERIAL HYPERIRODPHY ARD
HYPERPLASIA WITH GENERALYZED HYPERIRNSXON,

a., Normal Mean Wall-to-lumen Hatics of lMyocardial and
Renal Arteries of the Cat.

b, HHean Wall-to-Lunen Hatios of MNyocardial and Renal
Arteries in Animals of Groups L, 2 and 3.

@, Conclusion.

RESCHERLON.

CONCLUSION.
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1. INVESTLGAYEON OF ANIMALS SUPFERING FROM LUNGWORN
INFESTATION {GREUP X).

8. - A Review of the Litoratupe.

Gince circumstantial evidence suggests Chat lungworn
disease dn the cat is velated te the umsoular hypesrtsrophy
that ds coaspicuous in the pulvonary artevies, the
beronchiolar walls and the alveolar ducits, a review of the
condition togethor with a desepiption of the findings
encouncored in spontanoous cases, now Yoliows.

.anaﬁtaﬁi@n of the cat by the lungworn, Aclupo-
gggggggggﬁ absbpusus, has been recognised dn Great Britain
by Camevon (1926, 1927, 1928, 1929 and 1932), by Lewis (1927},
by MeKenzie (1960) and by Hamilton (1963}. The condition
has also been reported from other parts of the world, g.g.
the United Stetes by Hobmaier and Hobmaier (1935a and 1935b),
by Fry and Stewart (1932), by Pritchett (1938), by Bailey
and Williams (2949}, by Dailey and Lowman {(1952), by
Blaisdelld (1952}, by Hewberne (1953) and by Sudduth (1955);
France by Haron (1946}3 the Hetherlands by Baudet (1933);
Povrtugal by da Cruz and de Freitas (1948); Denmark by
Cheistensen ot al. (1946); Palestine by Gerichter (1949);
Brazil by Cristi and Auyuanet (1947) and sustralie by Gowrdom
{1933), by Seddon (1947) and by HacKerras (1957},

Information conceraing the degree of infestation is

sparse except that lobmaier and liobmaier (1935a) recorded
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an incidenece of 2,0% among 500 cats in San Francisco,
Daudet (1033) of §.,U0% of cats in Utrecht, Christensen et al.
{1946) to about 1,0% in ﬂeyenhagem and Cepichter (1949) of
ﬁé.@%»@f 73 atray cats in Palestine. In Dedtain, Lewis
{1927) seported that 20,09 of 155 cats were affected while
Cameron {1927} suggested that the condition wés COMMON .
More recently, Hamilton (1963}, in a survey of 125 randomly
selected cats in the YWest of Scotland, stated that the
nnmbéw infested by Aelurostrongylus abetrusus was 12, or a
case-incidence of 9,68, The number of c¢ats examined has
since incressed to 256 among which were found 17 cases of

tungwerm disease, yielding a case-incidence of 6,09,

. %he Parasite and its Life Cycle.

The adult male worms are very small and sliender
averaging 5.2 mm, in length by 0.07 mm, in breadth and the
female 9,3 mm, long by G.1 mm. broad {McKerras, 1957).

It is néw senerally asreed {Hobmaier and Hobraier,
1935a and 1935b), (Gerichter, 1949}, (Dlaisdell, 1952) and
{lMacKerras, 19§7) that the adult worms live in the substance
of the lung and thore deposit their ova. Withia the
alveoli the latter develop inte first-stage larvae which are
coughed up to be swallowed and nltimately passed out in the
faeces. Once in the soil the larvae enter a large variety
of sluge and snails in which further development teo third-

stage larvae takes place. The latter forms are infective
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for the cat which becomes infested as a result of eating

a slug, a snail or an auxiliary host, such as a rat, mouse,
bird, toad or reptile, that has fed on infected gasteropods
and may harbour the third-stape larvae for some time.

Such hosts are thought to play an important paprt in the
survival and spread of Aelurostrongylus abstrusus infestation
of the ecat, After third-stage forms have entered the cat,
they quickly pass through the mucosa of the upper alimentary
tract, to reach the lungs by way either of the lymphatic

oy the blocd stream. In the lungs the final development
%o adulthood takes place and, within 3§ to 3? days, first-
stage larvae are recoverable from the faéées of an infected

cat.
¢. Clinical Ménifestatiens.

There are few recorded references to the clinical
aspects of bLhe disease but Dlaisdell (1952), in a thesis on
the experimontal conditi&h, stated that overt illness rarely
ensued although occasional or frequent coughing occurred in
a few instances and three of the worst cuses were character-
ized by loss of body weight, depression, increased pulse and
respiratory rates, dyspnoea and eosinophilia. Bailey and
Lowman {1952) described two cases which presented abnormal
respiratory signs. Sudduth (1955) reported eczema,
diminished appetite, loss of weight and dyspnoea in

association with six cases of feline lungworm digease in

!




which eovsinophilia was not found. ‘leKenzmie (1960) stated
that, in twe l2-woeks-old kititens in which lungworas werce
Found at post-norton examination, @lighﬁ.uﬁchmiﬁﬁﬁmaﬁs was
the only clinieal feature. Brown (1962) denonstrateod the
presence of the larvae of Aglurestrongying abstyusus in the
Ffacges of four out of 12 apparently healthy ecats. 4s fay
as the pé@semt survey is coneernced, and this imncludes the
previous findings of Hapdilton (1@63)9 thero were 17 cases

off lungworm infostation out of a total of 256 aniwmals, {farom
only a proportion of which elimical histories were agvailable.
Five cats wore found to have suffered from other morbld
conditions, namely: lysphosasrcona, faeial abscess,
carcinonatous invgl§emen% of the craniunn, foline enteritis
and perdcearditis, vhereby it was impossible to aseribe any
particulayr cliniecal siga te thoe pulmenary condition. Shrec
animals wore without history at all and of nine animals with

a nedical record, two died after o chronie illaess that was

wssoeiated with a capricious appetite and loss of body weight.

-

in six of the remaining scoven inatances, the clinical
nanifestations comprised occasional to freguent coughing,
worsened by handliag, fitful appetite and gradua’l loss of
bedily condition over a pericd of moaths, In addition,
saveral of the animale wero seizod by fits of sncezing and
also exbhibited an oculonasal discharge. The solitary
residual eat almost certainly died as a result of lungworm

infegbatlion, At was eix nonths old and bad exhibited signs



of respiratory discase over a period of three months prior
to death, during which tine ceughing and sneezing were
accompanded by a muco-purulent nagsal discharge. The animal
became progressively dyspnoeic, was averse to feood as well
as emaciated and developed marked hydrothorax before it died.
In sum, the main clinical changes encountered wore
coughing of varying frequency, uncertain appetite, decline
of bodily weipht together with depression and, in several
instances, an oculo-nasal discharge. Such findings are
sinilar to those which have beon reported by other workers.
It seems, therefore; that the disease is usually of mild
character but may sometimes lead to death or toe a chronic
wasting state with inappetance. The severity of the
condition is probably related to the number of infecting
larvae which, if small, is likely to be overcome and
spontaneous regovery ensue, On the other hand, massive
infestation may be associated with respiratory disturbance
and, if the animal lives long enough, with a chronic ililness

lasting for some months before death results.

Lungworm infestation was encountered in all age~groups,

from twe months to nine years of age, or more, and in both
sexes the incidence was balanced in as much as nine males
and eight females were affected, The disease was not
seasonal in incidence and was encountered in almost every

month of the year.




d. Haenmabtologiecal Findings.

Tt wos possible to oxamine a sample of bleod from six
of the 17 animals affected with lunpworm diseaseo and Che
reoults of the oxsninations are given in Yable 15 {p. 55 ).

OF sovoral points which emerge, the firet is that haemoglobin
(b)), packed coll volume (P.C.V.) and mean corpuscular
haemoglobin concentrgtion (H.C.H.C.) were within normal range,
which tende to rale onb any interforence with orythropoiesis.
n each case orythrooyte sedimentation rate {(E.8.R.) was
inereased and values from § to 20 mm. per hour were recorded.
The only noteworthy aberration in the white ©oll count was
cosinophil leucocybonis which was found in five out of six
animals bub, as cosinophilia ds cownonly assceiated with
mobazoan parasitic conditions, that feature iz not really
extraordinary. Blaindell (1952) meatloned eosinophilia in
her 1ist of clinico=pathological fiundiags but Sudduth (1955),

in his sin cases,; stabted that eosinophilia did not coeuwr.

@, Morbid Anatomy.

Lesions vore confined to the thoraecie cavity but varied
in eharacter from animal te animal according to the phase of
the infestation, in 21ld or early cases, emltiple losions,
of 1 te 2 mw., in diamoter, or swaller;,; and often visible
enly with the aid of o hand-lens, wepo found scattored

throughout the oubstance of thoe lungs. At o later stage of
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the disease widely disteibuted larger foei, up to 10 nm.

in diameter, were cbserved and frequently projected from the
surface of the lung to impart a nodular appearance to the
unopened organ (Figs. 2 and 39'9-57}- Confluence gave

rise to large protusive nodules which oceupied considerable
areas ©of individual lobes and such lesions were fairly firm,
aomewhat crumbly in consistence and yellowish in colour and
in the more severe cases contiguous pulmonary consolidation
was such that, little unaffected lung tissue remained.

When lesions were squeezed, a milky and viseid fluid was
expressed amd proved to be particularly rich in ova;, larvae,
eosinophils, lymphocytes and macrophages and in one animal
the pleural cavity was found to be filled with thick, whitish
fluid and the visceral pleura was thickened, roughened and
partly adberent teo tﬁe parictal layer. In many instances
bronehi contained a muco-puralent exudate and, especially in
more severe cases, the bronchial lymph-nodes were enlarged,
white and homogeneous on section.

MeKenzde {1960) veported congestion, oedema and patchy
consolidation of the lungs in both of his cases with,
scatiered throughout the pulmonary substance, discrete foci
that had sometimes coalesced to form larger lesions, in
one animal, only one lobe was affected but in the other cat
all the lobes were involved but changes in the brongchial
iymph-nodes were not recorded. Sudduth (1955), in three out

of gix animals, found induration of the lungs to be associated




Figures 2 and 3.

Gross appearances of the lungs
with parasitic infestation showing
the distribution and the coalescen
of the elevated, whitish lesions.

ce




Fig. 2

Fig. 3.

57



with Ymdnute cneapsulated spotsl together with the presence
of whick exudate im the broachial system. MancKorras {(1957)
deneribod sinilar lesions and declared that the exbtoent of the
danage was in peropertiom to the manber of worms prosent,

In short, thepre is little differonce to be noted in

the lesions that have been deseribed by tho various anthors.

£, idstopathelogy.

Conveniently, the norbid histologiceal changes may be
dividod inte those (1) concerning the Llunp substanece and
(2} portaining to the vascalature.

(1) The Lang Substance.

A an carly stage of the condition, some lobes presented
fouw signs of egps or larvace but manifested a cellvlar reaction
thot consioted of lymphooytes, necrophages and cosinophils
togother with numerons multinueleated gilant-ceolls, Often
the centre of such a lesion was necrotie and closcly simulated
vhe tuborenlous follicle until nicrescopical oxamination
rovealod the presence of tho pavrasite. Additionally, there
wan commonly prosent a poribronchial and peribronchiolar
Tyaphoeytic seaction which was often diffuse around the

,
civcunference of the vossel but at other bLines was sivre
nodular in Torm, Yovreover, sone dnfiliratien of the
bronchial and the bronchiolar walls by cosimephils,
lymphogytes and plasma cells was associated with mild

profliforation of the related meous menbrane.



As the diaa&aﬂ progrossad, the larvae developed dnte
adulit paragites that laid numercus eges which were assoclated
with ¢he production of more seovere lesions and, in Lhe ono
andmal, there were to be found lesions at all stages of
developaens . The following desesription rofers to the main
fiadings characteriatiec of the later sboges of bthe diseaso,

Clusters of eggs, some starting to moralate and some
alveady hatched into first-stage lavvae, vere surrounded by
a marked esllular reactiom that wpe conprised of large
numbers of eosinoephils. wogether with Llynphoaytos, sonc
neutrophils and plasma cells and was usually aceompanied by
nunerons multinucleated glant-ceils (Figs. 4 end §, p, 60 ).
Gecasionally, the prosence of ova did not evoke any respenso
and, in the majority of cases in which adulld worms were
presenc, whe eelinlar reaction was predeminantly eosinophilie
in nature with some iafiltration with macrophages (Fig. &, p.6l).
Areas of mecrosds were no¢ uncomron and in ono case
caleification was noted.  Sach cellular scommulations spread
beyond the imnediate zone of the eggs and larvae to coalesce
with similar lesicas and se cause guite considerablo damage
o lung tissue. Thickeuing of tho seplta in conseguence of
vasculary and cellular voaction; epithelialigation of the
alveoli and vesicular enphysema assovlated witbh areas of
gollapse were obher changes frequently to be soen.

in the affected parts, the alveold together with the

bronchioles and bronchi contained large nunbeprs of ova,



Figure 4.

Figure §5.

Section of lung with arterial thickening and
periarterial lymphocytic reaction,
Developing ova and first-stage larvae with
a mixed cellnlar reaction are evident.
Haematoxylin and Eosin. [X150.

The same reaction as above in higher
magnification, to demonstrate the eggs,
first-stage larvae, leucocytic and giant-
cell reactions. ‘
Haematoxylin and Eosin. 333300
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Fipure 6. Adult parasite in section surrcunded by a

prﬁdominantly eosinophil leucoeytic reaction.

Strands of hypertrophic bronchiolar and !
|
|
Haematoxylin and Fosin., X150,

|

alveolar duct nuscle ave also present,

" Figure 7. Ova, larvae and exudate in a bronchiole. |
Haematoxylin and Eosin. X150.

|
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lavvae and cellular materiol (Fig. 7, p.6l) while
pordbronchial and poribronchiolar aggregotions of
lymphocytes were conmon and often wmarhed, Infilteation
of the bronechisl and bronchiolar walls by cosinophils,
Lymphooytes and plasma cells was evident and lavrvae wore
sonetincs ohserved on their way theough those sbructures.
Proliferation of the epithelium, productive of a mulid-
layered epithelisal coverding to bronchl and bronchioles,
woas freguently nobted along with grossly increased production
of sucus, which latter was sixed with parasites, ova and
esilular onudate in the lumina,

in the cat, the peribrenchial mucous glands are well
doveloped and exbtend further down the bronehial tree than
is the caso in nost gpeccies of animals go that they may be

Pound oven in the bronchiclay walls,. In langworn infest-
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ation, those glands undergo hyperplasia (Fig. 8, p.63 ) with

the produstion of oxcess of muous and, ocvcasionally, show
eystic abaormaldby. Bandles of smooth musecle were commonly
saen as strands that wero ofton very thich and somobines
haphagzardly disteibuted throughount the luag substance.

(Fige 9, po 63) Sorial sechions served to demonstrate
that the maln site of ordgin of that nuscle was the walls

of bronchioles and alveolar ducts. In aveas wvhere the
amount of musele was considerable, roticulation imparted Go

#he lung sebstanse o honey-conb appesranea.




, Figure 8. lyperplasia of the peribronchial glands
| and proliferation of bronchial epithelium,
Haematoxylin and EBosin, X150

— e et e e g e e < s

Figure 9, 5Strands of hypertrophic bronchiolar and ;
alveoclar duct mascle, A hypertrophic
pulm onary artery is also recognisable. ;

Haematoxylin and Eosin, x150%
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{2) Phe Vaseulaiture.,
lasenlar lesions were found to fall inte five grades

of soverity whioeh were related to the mean walleto-lumen
ratvioes of the artepries an follows:

Grade 1 0,35:1 to 9,58:1,

Grade 2 0,53:1 to 1,00:%,

Grade 3 2.30:% do 2,00:1,

Grade 4 2,103 te J.00:3, and

Grade

ey |

B20:2  and upwardas.
Hot evepry branch of the pulnonary artery was alfected and
the mein losions tended Yo ocour in musenlar arteries which
gave riso to an artordiopathy which was of foeal distpibution.
Wherecas the voessels of the sonos of mazimnl infection were
wﬁﬁwly affectad nony of the moveo distant ones were altered
Lo a lessop degree Hinnbe examination of the lungs showed
that the thickening comobtimoes ococursed gradually in one of
the arterial branches and, often, it began at the origin of
a vessel from an epparently aormmal larger braanch.
Forivasoulor lymphogytic reaction was common and usually
surronnded the vessel entircly but was scmeitimes nodular in
ite distribution. The elastiec arteries, the bronchial
artories and the pulmonory veins weve unchanged.
Grade 1.

in this fDirst stage of pachologiceal change thero was

norely hypertrophy of the vaseular snvoth muscle, The




Figure 10, HNormal muscular pulmonary arteries
from a young adult cat. |
Haenatoxylin and Fosin, X&SO%

I
!
Figure 11. Grade 1 hypertrophy in a muscular %
pulmonary artery. ;
Gomori's aldehyde-~fuchsin, X&SQ.

1
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swollen myofiberils gave a thickened appearance to the
vageular walls which amounted 4o two to three times that
noernally cstimable (Fig. 11, p. 65 }. Lesions of the lungs
were neivher wvidespread nor severe and excess of bronchiolar

maacle was not present.

Grade 2.

The nean thickness of the arterial wall was three to
five times the normal whosreby the vessels appeared parkedly
thickened as a result af hypertrophy supplemented by hyper-
plasia, which latter change was revealed by the @reseﬁaé of
mitotic figures in the myofibrils. in three members of the
group, fibrosis of the intima was cbserved but was minimal
and considered to be of little, if any, sigaifiecance.

Urdinarily, in histelegical preparations, comtraction
of the vessel wall causes the elastie laminae to appear
corrugated instead of stretohed as is normal during life.
in the second stege, however, muscular hypertrophy was more
proacunced and the elastie layoers were strotched although
in some vessels there was occasionally encountered a break
in the continunity of the latter laminae., (Fig. 12, p.67 ).
fn only one animal was there any endothelial reaction which
took the form of swelldng and proliferation and waa |
aceompanied by infiltration by eominophil leucocyies into
the intima, Alse observed was a vacuolation of the hyper-

trophic myofibrils and sinilar sub-endothelial change gave



Figure 12, GCrade 2 hypertrophy in a muscular pulmonar;

artery, stained to demonstirate the elastic

laminae which are beginning to degenerate.

Gomori's aldehyde-~fuchsin., X%EO.

v

Figure 13. Sub-endothelial vacuolation of a hypertroph

artery of Grade 2.
Hoematoxylin and Posin,

¥170.
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the appearance of acoumuiation of lipoidal material

(Fig. 13, p. 67}, The tissue responses of the animals in
this grade of the discase were moro prﬁn@un@eﬂ and at this
sbage, toc, hypertrophy of the muscle of the bronchioles

and alveolar ducts wos Firest noticed in all of the andmals.

Grade 3.

Typical of this phase was an exaggeration of the
hypertrophic and hyperplastic processes that rewdered the
arterial walls from six to ten times thicker than normal.
in all but one animal,in which it wae modepratoely severe,
intinal fibrosis was minimal, in one case thore was slighd
endothelial proliferation accompanied by infiltration of
sosinophil cells inte the inmtima.

Both the internal and the external elastic laninae
showed marked changes. Fragmentation of thoe layers ocourred
in all four cats of the group and, although in the majority
of the affected arteries, the circumferential pattern of the
original structures was traceable, in guite a number of the
vessels there was almost completo dissolution of one, or both;
Layers. Here and there, a portion of lanina renained as
proof that it had existe@ but, in extrene coses, there was
net a vestige of either membrane (Fig. 14, p. 69 ). ie was
at this stage of the disease that the longitudinal nmscle
of the arterial wall was first noted in two out of the four

animals. In several of the afffected arteries ,that ouscle



Figure 1l4. Fragmentation of the elastic laminae in
agsociation with hypertrophi¢c and hyperplabtic
changes in a pulmonary artery. i

Lawaon's elastic stain. X430L

\ ’ i

Figure 15. T[Fasciculi of longitudinal muscle on both
sides of the external elastic laminae
observable in a grossly thickened |
pulmonary artesry.

Picro~Mallory. X260.
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Figure 16, Vacuolation of hypertroﬁhiad longitudinal
nusele in the intima of branches of the !
pulmenary artery.

Van Gleson. X150.

Figure 17. %The same section as above at a higher ;
magnification to accentuate the vacuolation
of the muscle cells, '

Van Giecon. %380,




Fig. 16.

Fig. 17.
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Figure 18,

Pigure 19.

The same lung section, denonstrated in
Figs. 106 and 17, stained to show the
vacuclated mscle and collagenated
natrix of the intima. ,

Van Gieson. X480.

Almost complete dissolution of the elastioc |

laminae in a pulmonary artery which has

undergone hypertrophic and hyperplastic

changes.
Lawson's elastic stain.

X430.
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was found o 1ic dnside Che internal olastie Layer but,

in some instances, 1t also ovcuryed in both the medial and
adventitial . coats {(Fig. 15, p. 69 }. In many cases, the
anpunt of longitudimal musele aceounted for the greater part
of the thickeniag. The muscular tissuwe consisted of large

e

vacuolatod cells, supported by a ground-work of cellagenated
Yibres, which formed a complete ring around the endothelial
linding of the artery (Figs. 16, 17 and 28, p, 70 and 71},
Yhere the longitudinal musele was external to the elastic
laminae 4t lay in fasciculi that were dispersed throughout
the hypesrtrophie clirenlar musele opr the adventitia. “The
longltudinal musele was appreciable only in o perceantage of
the pulmonary muscunlar arteries of all sizes. In many
affected arterics, vaonolation was conspicncus in the sube
endothelial tissues, in the hypertrophic eircunlar nuscle
and, espoecially, in the loagitudinal nyofibrils, The
contents of the vacuwoles did not respond o staining nethods
for ncutral fats, for cholesterol, for smcopolysaccharide
oy for glycogen.

In the tissues of the lung other than the arteries,
the changes wero pronounced and myo-hypertrophy in the walls

of whe bronchioles and alveolar ducls was even more prominent.

Grade 4.

Ouite the ocutstandiag Feature was the increased
i

thichness of affocted arterial walls which varied from
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1% to 1§ times that of tho normal, The thickening arose
from the two processos of hyperbtrophy and hypesrplasia of

the myofibeila. In two anismals, the longitudinal muscele
was distributed dn a feshion similas to that of the preceding
group but, in sene arterdes, the muscle had becone aseparated
from the overlying media. The elastie lamimae were affected
as before but, in rather more of the arteries, wore cithep
reduced to swall frageents or were entirely lacking (Fig. 19,
Pe71 }o  Intimal fibresis was falirly well marked in one
animal but was of mild Sype in the remaining three while
slight endotheliol prolifevation and some infiliration of
the imtima by eosinophil loucogyles oecurred in two cases.
Vacuolation of the hypertrophied muscla-cells was of type

and staining propennity similar te that already noted,

Crade §.

This, the most advanced stage of the dissase, showed
medial thickening in which hypesrtrophy and hypoerplasia of
the elironlar muscle~-flbres gave rise o considerable
nagroving of the vasculap lunina. In one of the aaimals,
however, marked endothelial proliferation togethor with
infiltrotion of the nedia by cosinophilic cells was prescnt
and, in asscclation with the hypertrophic reaction, causeod
almoat total ocelusion of the vessel (Fips. 20 and 2%, .74 ).
Generally speakilag, o large percentage of the arterdos was

affectbed. In both animals the losgitudinal musele was



Figure 20. Padothelial proliferation in a thickened
artery associated with infiltration of thel
intima and the media by cosinophil leucocyﬁes.

flaematoxylin and Eosin., x150%

|
|
|

Figure 21. Part of the {ield in Fig. 20 magnified, tu!
denonstrate nmore clearly the intimal reaction.
Haematoxylin and Eosin. X430,



Fig¥*
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20

21.
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distributed as formerly noted while intimal {ibrosis was of
mininal desreoe. The elastic laminace were strikingly altered
often to the point of complete dissolution, while vocuolation
of the sub-endothelial intima and of the circular and
longitudinal musele fibres was prominent.

In both the grades 4 and § the lesions in the other
tissunes of the lungs were pimilor to those alveady described,
and included marked hyperirephy of the musele of the
bronchioles and alveolayr duscts es well as the changes

agseciated with the prescence of the parasite.

g. Discussion.

in the literature on infestation by Asilupostrongviug
abgtrusus, the only detailed report of histopathological
kind is that of Mellenzie (1960) pertaining to twe kitiens.
Hia description of the lesions did pnot refer to either such
features as aggregations of eosinophils,in the tissues, or
proliferation of the bronchial and bronchioclar mucosae: or
hyperplasia of the peribronchial glands or the presence of
adult worng in the lungs. Furthermore, although slight
hypartrophy of smeeth muscle was noted, thot change was not
atated to relate te the mmscle of bronechioles oy alveolar
duets, nor wvas reference made to any peribrenchial or
peribronchiolar lympheooytic reaction. aAs far as the
vapenlaturo was concerned, mention was mode of hypertrophy

and hyperplasia of the nedial coat of the arteries togethen




with endothelial prolifevation, intimal infiltration and
fibroois and vacuvlation of susele cells but there was nod
any report of the presence of longlitudinal muscle or changes
in the olastie laminas. Such onlesions may hoave arisen
from the small number of onimals thot was oxomined,

Comoron (1020 and 1932) stated that the aduld worms
live in the smaller pulmonary arteries, whevre they lay Gheir
ogge, and in all probability cause irritotion of the vessel.
MeKenzle (29060), by reoason of the absengo of peribropchial
and poribronchielar, and the piesence of perivasculap,
lywphoeytie reaction, considered that a more intimate
W@1ati@ﬂ$hi@ between the parasite and the vessel cbtained
i the cat than in other domestic spocies. However, siaee
it is aow gemerally accepted that the aduld wernms reside in

the tissues of Lhe lung rather than in the blood vessels and
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it is clear that peribronchial and peribronchiolar lymphocytic

reacbion does ocour, the view that the adult werm provokes

the arteriagl lesion in congeguence of habitation in the vessel

has lost supporb. Precisely how the third-stage infective
'Rarva@ reach the lungs is still uncertain but invasion may
take place via the lymphatie strean or by way of the
circulating bilood and, if the parasite is Vo cxert any
change on the arterial wall, it ls the migratory third-stage

lapvae that are likely to cause danage.

Blajsdell (1952) suggested that a product of some stage

of the parasibte may eet upon the vessols and resuld in medial
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hypertrophy. Hamilton (1963) postuleted that an lncrease
of pulm enary bload pressure, culminating in conspicnous
alteration of the bleood vessels, was attributable to
resistance te the (low of blood that was oecasioned by the
presence of the varions formns of the parasito together with
the related celiunlar reactions.

The presence of longitudinal muscle is of special
inteprest and has not been hitherto recorded in the pulmonary
arteries in asscciation with feline lunpgworm infestation,

Iin all, six ecats man ifested the abnornality to an appreciable
percentage of affected arteriecs hut the alteration was found
to aconr only in lesions of the third grade and upwards,

i.0. cases in which the thickness of the media was six; or
more,tines that of nopmal. Since the lesion was observed

in animals of differings ages, that Factor did not appear to
be of any importance in the developnent of longltudinal
masclo,

in the intima of cats affegted with pulmeonary arterial
hypertrophy, Rubarth (1940) described the presence of fibro-
muscnlar tissue that was always longitudinal in direction
but did not comment upon its distribation in individual
animsls or upon the number of cate affected. Dabme (1660),
in a review of a similar condition, also remarked on the
ocourrence of intimal longitudinal mascle but was not specific
anent the distpibution of the tissne in the individual animal,

guoting Tondury and Weibel (2958), Dahme suggested that the
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production of longitudinal nusele was an expression of
extpene stress on the artery by an external force and that
it had 1ittle in common with the proliferative process
characteristic of pulmenary arteriosclerosia.

In the mmon lang, Heath (19623) described seven cases
in which o considerable amount of longitudinal muscle
appeared in the intima, the nedia and the adventitia of all
elasseos of pulaonary artepries. The distribution varied
fron diselated bundles to complete coats around the lumen of
the vessel and the nyoefibrils woro interspersed mainly with
olastic fibres and, rarecly, by collagenated ones, Gther
pulmonary arterics showed wvapying dogrees of hypertensive
change and, because tho previpitating canse wos differeat
in six of the lastances, it was concluded that the develop-
ment 0f longitudinal suscle was associated wisth intravascular
hyportonsion, the underlying ecause of which was unimportant.
To support this statement, Heabth (1903) guoted the work of
Tarnbull (1914) who had described longitudinal muscle
attended by miteral stencesis and eilted the roports of Vade
and Pall {(2957) and Spencer {19062} who had found similas
tissue in cases of idiopathie puloonary hypertension.

Heoath expressed the opinicun that the lopgitudinal nuscle
arvosa froa o few preo-existing colls, althoush such structures
are net nentioned in histologleal atudies of novrmal suscular
pulmonary arteries made by Dreaner (1935) and by Best and

Heath {(1061),
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¥ Al of the 17 cats invesbigated by the author,
intinal fibrosis of the pulmonapry arteries was minimal.

In two instances the eondition was sovere bub, as the
animale were quite old, it may be that the fibrosis was

not uaninfluenced by age. Pragmnentation of the elastice
layors begome wnore pronounced as the arterial walls increased
in thichness and was regarded to be a sinple overstrotching
of the existling lomingo. The contente of the vacueles of
the sub-ondothelial rvegilon and of the hypertrophied musecle
wore not identifiablo, which led to the suggesticn that sone
forsn . of hydropic degeneration was present. A feature of
note was the foeal distyribution of the pathologicnl changes
in the branches of the pulsonary artery.

Mekenszio {1960} did not encounter hyperirophy of the
musele of the bhronchioles or of the alveclar ducts but he
did deseribe a slight degree of that state to be present im
the spoobth smsele of the pareonchyma of the lung. Pei«bLineLi
(104G} @epéwﬁ@ﬁ hypertrophy of the bromchiolar system in
association with infestation by lungworsns of shecop and goats
and suggested that tﬁ@ condition arose from gradual, buat
incompliote, obsbruction of the Lronchiolor system by ova,
larvae and inflanmatory exudato. Snch a concepl scens as
applicable to the eat as 1t is te tho othesr apeciocs of

andnals nanoed.




3. INVESTIGATION OF ANIMALS UIRH PULMINARY ARTVERIAL LESIONS
IR THE AUSERCE OF QTHER MORBED CONBLYIONS, {mms .
As iﬂﬁiﬂaﬁeﬁ in Tables 11 to 14 (p. 41 €0 45) more than
half (53.9%) of the 89 cats suffering from pulmenary arterisl
hypertrophy and hyperplasia were not affected hy other
disease. 0Ff 14 animals, for which a clinical history wes
obtainable, only @né displayed signs attributable to disopder

of the respirgtory tract,
a. dorbid Anatomy.

Oaly in the novre severely affeoobted animals, examimation
of the cut surfaece of thoe lusgsvevealed the thickened
arteries in the form of whitish circular tubes that exbonded
throughont the asubstance of the opgon and felt 1dike small
thiokened cords. Legions of any obther kind wero nob

appreciable dn tho lungs of the oabs.
b, Histopabhology.

The histologieal findings for each grade of the
condition are summarized in Tables 18, 19 and 20 {p. 91 Lo 93)
and, for convenience as well as claprity, the lesions have
been graded in a fashion similar to thalt applied o animals
with lungworm disease. Such grading togoether with the
disteibation and the severity of the losions selated to the
various age-groups is given in ¥able 17 (p. 82). The latter
indicates primarily that there was 1little difference ia the

distribution and severity of the changes cucountered in adult
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and old animals and that lesions up to, and including those
of grade 4, were found even in young adults. Iin comparison
with lungworm disease {(Tablo 16, p. 75) it will be noted that
nore sevore arterial change occurred in association with
lungworn infostation in as mueh as 10 out of 17 (58.8%)

cases of the latter possessed arterial lesions which were
clasgifiable dnto grades 3 to 5. By contrast, only 1§ of the
prosent group of 48 cats (31.2%) displayed similarly severe
arterial change. The main pathological alterations of each

grade are ontlined below.
Grade 1,

In this, the mildest form, there was slight hypertrophy
of the muscular arteries of the lungs with, in just over half
of the cases (10 out of 18), a similar response on the part
of the bronchiolar and alveclar duct smooth muscle. In a
few instances a'relétively mild perivascular and peribronchial
lymphooytic reaction was present. Although the hypertrophied
artepries were scattered widely throughout the lungs, normal

vessels were nevepr difficult to recognise.
Grade 2.

ﬁypemtkuphy of increased severity was found to be
assoclated with a hyperplastic response of the artepies
together with hypertrophy of the muscle of the brenchioles
and alveolar ducts which was prominent in 10 oué of 15

animals. Slight intimal fibrosis was appréeiable in two
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cats and, in threa out of the 1§ animals, fragmentation of
the olastie laminae occourrod ia a small proeportion of the
nove soveroly affected arteries. in only onc instance was
lowgitudinal smacle vocogaisable as a ring iavesbing the
lumen of the vessol. One othor sase was charactevized by
a mild proliferation of endothelial ecells that was noted im
a small sumber of arterdos. Agadn, although aormal vessels
wore always o be Tound, the hypertrophic process was falely
waell disteibuted, in a number of imstances, vacuolation of
affoctod myofibrils as wall as of the dntima was evident and
sub-cndothelially the chango appeared as a clear; fadrly
woll demaveated arca that enconpassed the vasoular lumen,
Since the contents of the vacuoles did net respond Lo
gbaining methods Tor the demonsvration of mucopolysaccharide,
glyeogen, neubral fat and cholesterel; it was concluded that
8 form of hydropie degeneration was preseont.

in five of the animals peribsenchial snd peribronchieolar
iymphoceytic "endfing® was prominent asmd, on four oceasions,
was accompanied by a similar lesion of pordvasculor situation.
The latter casoes showed further change of the lung substance,
namely, infiltration of sume bronchial and broschiolar mueosae
by lymphooytos and plasma cells aassociatod with a degree of
proliforation of the mucosgeand of hyperplasia of adjacent
necons glands together with focal aﬁzmmula&iﬂm@ of
Racrophages and lyephocytes and, occasionally, a few glante

gells. ° Restricbed areas of bronchitis and bronchiolitie
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choractorized by the presence of cosinophils wero also
obhanerved, In goneral, the pathology of the lung noted in
those four animals hore a strilking resomblance Lo that
eacountored in tho eases of lungworm diseass, but evidonce

of Lhe presence of the parasite was conpletely lacking.

Grade 3,

As the third phase of the condition was reached, so
the severily of the lesions inoreased. Blight imbinmal
fibrosis (Fig. 22, p. 86 ) was present in all bat one animal
in which it was of more severe type (Fig. 23, p. 86 ) and
fragmentation of the elastie laminae was common (Fige. 24
and 2§, p. 87 ). Byportrophy of the muescle of the
bronchioles and the alveolar ducts, of varying severity in
individual animale, was regularly apparent . In aix ont of
the eight cats of the group longitudinal muscle; of wholly
intinal loeation, was conspicunons and formed a fibw@fmuacular
layer around the lumina of the vessel and was alwoays asseciated
with appreciablo thickening of the eiroular muscle. in tuo
casos, there was proliferation of endovhelial cells’whimh WaS
however, of irrésular distribution, In five ocut of eight
animals, pesribronchial, p@vibranﬁhi@lag and perivasenlap
lynphoeytie reaction was evident although never prominent
and two of the five cases showed foei of dyophocytes and
nacrophages together with a fow glant-cells, whieh changes

wvere fairly widely distributed throughout all lobes.



Figure 22,

Figure 23.

A muscular pulmonary artery showing

hypertrophy and hyperplasia of the

medial musculature associated with a

minimal degree of intimal fibrosis.
-Van Gieson. X480,

An example of the most severe type of

intimal fibrosis observable in altered

pulmonary arteries. '
Masson. X320,
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Figure 24. Fragmentation of the elastic laminae
together with intimal longitudinal muscle

in a markedly thickemed pulmonary artery. i

Lawson's elastic stain, X150.

Figure 25. The sanme section of lung a5 in Fig. 24
at a higher nagnification, to show the

. \ g
reactions in greater detail. ~

Lawson'g elastic stain. xaao@



Fig. 24.

ffiu.

Fig. 25.
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Vacuolation of the hyportropbied mmecle wasn of grestor
degree than that of the previous grade and, in thiree out of
the eight cals, sub-endothelial vacuoelation was noticeable.
The nature of the matorial of the vacnolen was nod
established.

The lesion did not affect all branches of the pulmonary
artery to the same oexbent gud, indead, some vessele appeared

novraal .

(Qrﬁdﬁ 4 ®

This penultimate grade of soverity was assoeciated with
legsions sinmilar to thoese seen in the preceding stage with o
fow additional feabures. The disgtribution of affected
artories was somewhat similay but the hypertrophic and
hypoerplastic procosses were more narked and longituedianal
mascle in an intimal position appeared im five oult of six
animals to give riso, in conjunctlion with the altered cirenlar
musele, o considerableo naprowing of tho vaseulasr lumon
(Fig. 20, pe89 }. Hypestrophy of the muscle of the walle
of the bronchioles and alveolar ducts was @rdminemb im all
but one andimal but endothelial proeliferation ocecurred in only
ong instance, The elastic lamimae were fragmonted and had
undergone partial or conplelo dissolubion. Yatimal €ibrosis
was of a pattern similar to that already deseribed and was
of mimimal degree din all but one case. There was only one

instance in which perivasenlar and pesibronchial lymphoeytie



Figure 26. A groﬁsly hypertrophied pulmonary artepy
showing the formation of longitudinal

muscle in the intina, o ' 2 i

Haematoxylin and Fosin. X380.

Figure 27. LA branch of the pulmonary artery manifesting
considerable thickening of the wall and

increased tortuosity. 1
: |
Haemstoxylin and Eosin., X150.
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reaction was sisgnlarly ontstanding.

Grade 5.

aok &

into this last grade fell one animal which exhibited
marked thickening of the arterial media associated with the
@vesence of longitudinal muscle together with hypertrophy
of the muscle of the bronchioles and alveolar ducts and a
severe intimal Ffibrosis. tMany of the arteries displayed

considerable toptuosity (Fig. 27, p.89 ).
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3. INVESTIGATION OF ANIMALS WiTH PULMONARY ARTERIAL LESIONS
IN ASSOCLATION WITH VARLOUS BDISBASES. (QrOUr_32).

Tables 21 and 22 {p. 95 ) shou the disdtribution and the
poverdty of the pulwmonary lesions aceording o age and
assoelated morbid enidtics, rospectively. Adthoungh the
group was compoged of more of the older animals, 1% will be
noted that the &@vemiky.@ﬁ the lesions proved indepoendeont
of elther age or a partienlar complen of disease. In
greater debail, %ahlﬁﬁlil o 14 (p. 41 045 ) present the
variety of attendant pathelogleal conditions whioh, here,
nay bo sunmarised as follows: aepheritis (5 cases), neoplosme
{9 cases), other pulmonary conditions (8 cases) and enteritis
(2 coses). Previously, 1% has been peointed ont that such
diverse pathological processes are difficult to relate
cousatively o the pulmonary arterial hypertropby and
hyperplasia, ospecially as they were found comuenly to
ooour without any change in the pulmonary vasculabure.

In reospect of this group, elisiecal histories wero of
1ittlo value beeanse thoy clearly referred to the congonitant
diseane rather than to the respiratory condition.

. Jorblid Analtony.

woas posh-norten findings were masked by Che
acgeonpanying morbid state partienlarly in those cases im
which tho lungs were invelved. In animals not affected

by pulmonary disease, instances of severe hypesrirophic
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arterial change were recognisable by the presence of
thickened vessels, which latter were appreciable only on
close examination and, often, by palpation of the cord-like

apteries.
b. Histopathology.

Yables 23, 24 and 25 (p. 98 to 100 summarize the
histopathological findings that were based; as Lefeore, on
grading of the lesions inte five groups of severity of the
grbamial change. In comparison with those shown by the
group of disease-free animals, the results are essentially
sgimilar. Again, the arterianl lesions were mainly focal in
distribution but, in several cases, they were quite wide-
spread. Gne animal showed advanced intimal calcification.
Five cats presented marked perivascular, peribronchial and
peribranchiolar lymphocytic reaction tngetﬁer with lympho-
eytic infiltration of the bronchial mucosa and small
interstitial accumulations of macrophages and lymphocytes
that contained a few giant-cells and a few ecosinophil
leucocytes. Vacnoléticn off hypertrophied muscle cells was
common in lesions of grade 2 and upwards, but a&h-endaﬁhelial
vacuolation was noticeable in only one instance. Elight
intimal fibrosis was encountered in the majority of the
animals, except those of grade 1, but there were three
occasions when the lesion was severe. in two cases of

grade 2 and in all but one instance from grade 3 upwards,




Loagitudinal mugelo was o be found in the intima in much
the same distribution as already described., The changes
in the elastic laminae and in the musele of the bronchioles
and of the alveolar ducts differed Little from those
previously neted.

Briofly, it may be stated that almost idemtical
pulmonary arterial losions werce encountered in the animals
disploying a variety of intercurrent disease and in those
without any obher morbid coadition, It ia suggested,
therefore, that concomitant processes of disease had little,

i# any, relation to the pulnonary arterial lesions,.
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4. ASSBOCIATION OF PULMONARY ARTERIAL HYPERTROPHY AND
HEPERPLASIA WITH GENERALLZED HYPERTENSILON,

a. Normal Mean ﬁallwtquuman Ratios of lyocardial
and Renal Arteries of the Cat. |

Since pulmonary hypertension nay be a concomitant of
a goeneralized hypertensive state, it was decided to
ro-investigate all the caser with special reference to the
latter condition. Te that end, examination of the myocardial
and renal arteries was undesrtaken, As in the case of the
pulmonary arteries, normal values had first to be established
by the same methods as had been applied to the lungs.

'From the kidneys and myocardium of 21 of the normal ¢ats
ten arteries, cut at right angles te their course; were
maas#r&ﬁ in the manner prescribed for the pulmonary arteries
and the wall-to-lumen ratios ascertained.

Table 206 {(p. 103) presents the mean values for the
wall-to-lumen ratiocs obtained for the myocardial and renal
vessels together with that calculated for the lungs, and
the related standard ﬂe#iatinas, From these figures it is
apparvent that the normal neans are acceplable but that dn
the case of both the myocardium and kidneys suoch values are
sufficiently greatesr than those for the lungs to indicate a
slignificant difference between the wall=to-lumen palios of
the pulmonary and the systemic vessels. Table 27 (p. 203)

shows the comparison of the three means according to the
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whorg a - the standard deviation, n mvthe number of
individuals and A and B ave the groups uwder comparison
(51411, 1961). |

The results bebtoken »a significant difforoence between
the means of thoe pulmonary arteries and these of the veéaela
of the kiﬁnaysanﬁ myocardinm, Cellation of ﬁhe figmrés
pertaining to the kidneys and the ﬁyommrﬂium {table 28, p.104)
does not seveal any siganificant difference to exist botween
the méaﬂa of the walletoelunen raties of those organs.
It appears, therefore, that im the eat the pulmonary vessels
differ from the systemic ones by reason of a snaller wall-to-
lumen ratio. In order that a roeasonable margin of safety
attach to those findings, a mean wallsto-lumen patio of
0,6:1, or above, was taken te be abhormal for the arteries
of the kidnew and a ratio of 0,5:L was similarly taken in
the case of the myveardium. Y ds to bo anoted that both
figures are twiee the lowest mean values that weroe recorded
for cach organ aad had beea proved te differ sipgnifficantly

from the normal means.
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b, lean Woll-toelmmen Ratioes of Myocardial and Reomal
Avtories in Aninals of Groups 1, 2 and 3.

Result of Group 1.

The arteries of the kidney and myocardium of the 17
cases of lungworsm infestation were examined and Table 29
{p. 106 } presents the relevant findings., OFf the 17 animals,
one had to be rejected because of lack of suitable miera«'
seopic sections of the tissues regquired. Uf the remaining
16 cats, two (Nos., 271 and 283) appeared te have suffered
from hypertension of more generalized type which, perbaps
not altogether co-incidentally, was asscciated with lungworm
infestation of a widespread and severe natutre. Une cat
{Ho. 96) exhibited a degree of ronal arterial hypertension
but without ainy myocardial change, while another (No, 47)
was found ¢o have a fairly high syotardial nmean wall-to-lunen
ratio that was unaccompanied by any renal shersation. Of the
12 residual animals, all preseanted hypertensive changes in
the pulmonary arteries alone.

It seems reasonahble to conclude, therefore, that in the
najority of anmimals suffering from lungworm disease the
pulmonary arterial changes arose independently of a

generalized hypertensive state.
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Results of Group &.

Gf A8 animals with palmonary arterial lesions alone,
only 8 (16.6%) proved to suffer from a degree of myocardial
ond/or renal arterial hypertrophy (%Table 30, p. 109},

If values for the myoecardisl snd resnal nean walleto-lumen
ratios of G.5:1 and 6,6:1, respectively, be rigidly applied,
only twe animals wonld appoar to have been afflictod by
genoralized hypertension. But, if the figuves be less
strictly intevpreted because of the presence of bordor-line
cases, all aight.anima&s would seem to have suffereed from
sone degree of bthe generalized condition. Both histolegieal
and aetrical evidenge failed o estgblish a close association
between the severity of the artorial change in the lung and
th#% in either the myocardium or the kidnoy in the majoeity

of the andnmals.

fesulbts of Group 3.

Of 24 animals which suffered fyrom intercurrent disease,
only § (20,8%) were coasidered to show changes indicative
of generalized hypertemsion (Yable 31, p. 109}). Un a basis
of ar almost normal rating for the myocardial vessels, three
of the animals may have been omitted were it not that marked
alteration of tho renal vossels, allied with elevated walle
to=lunen: ratios in the lung, suggested that a generalized
hypertensive stote may have prevailed during life, Tho

severity of eithoer the nyocardial or the renal change was
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not referable te that of the pulnonary lesion nor was any
particular process of disecase involved, Ehat there were
three neoplasms of entirely different nature and distrib-
ntion and that only one of five cases of mephritis was
represented served further 4o suggest that the concemitant
discases were of little conseguence in the aetiology of the

pulunonary arterial lesion.

¢, Conelusion,

From the above findings, it was coneluded that the
vast majority of ecats suffering from pulnonary artorial
hypertrophy and hyperplasia did not concurrently manifost

a generalized hypertensive state.
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§. DIBSCUSHION,

if cats suffering from pulmonary arterial lesions
alone, be compared with those afflicted alse by lungwora
disease or by various other processes of disease, it ocnerges
that the punlmonary patholoeogy i ecgsontially similar in all
threo groups of aanimals. Gratde 1 of the conditionm was
charactorized by simple hypesteophy of the artérial media
which, in grades 2 and 3 was fuprthep @@m@licateﬁ by mascnlar
byperplasia and, from grade J onwards, alse by the production
of lomgitudinal musele as well as by exaggeration of the
eghanges in the eircular muscle. In andimals of all three
groups, vacuelation of the hypertrophied suscle was observable
while ﬁﬁtima& fibrosis was e@mm@ﬁ&y of minimal degree although
some members of ecach group manifested a more severe reaction.
Fraogmentation and dissolution of the elastic laminae were
rairly freguent. Proliferation of endothelial cells together
with gollular infiltration eof the endothelinm and the sub-
endothelial tisswes was prominent and ocoeurred to guite
greatest dogree in animals affected by lungworn disease.
Foeal distribution of the arterial lesions and widespread
hypovrtrophy of the smooth musele of the bronchicles and of
the alveolar ducts was conmon. Peribronchial, pepri-
bronehiolar and perivasenlar lymphooytic reaction was more
often to be secon in assoeiation with lungworsm infestation

although it appeared also in 17 of the 72 animals not
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apparently affected by the latter condition.
The aimilavity of the lesions strosgly supggested that
a cnmman aetiolopgieal rfactor was at work.
Harris aud Heath (1962) listed the main causes of
pulnonary hyportension of man as follows:
1. Enbaneced pulaonary blood-flow oeccasioned by a large
left-to~pight shuat inte the systemic venous stream before
the latver ontera the right veatricle, e.g. all forms of
inter~atrial communication.
2. Passage from the left venbricle or the aorta into the
right ventricle or the pulmonary artery, @.g. patent ductus
arteriosugs.
3. HMorked and persistent increase of left abtrial pressure
leading to rise of pressure in the pulnonary artery,
@affe in mitral atenosis.
4, Reeurront pulmonary embolism.
5. Severe forass of omphysewsa, bronchiectasis and pulmonary
fibrosis.
6, Impaired diffusion of oxygen acvoss the alveoclar capillary
membrane, as happens in occupational chest diseuses.
Port-norten examination of the eats failed te reveal
evidence of the presence of aay of the above conditions,
whiech finding agroes with the observations of Hubarth (1040)
and Dabwme (1960) both of whom did not encounter any cardiac
abnormality. Furthernore, tho arterial lesions of the cats

wore not of the degroe of severity that was deseribed for man
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by Harpis and Heath (1062). Although the early stage of
mnedial hypertrophy was essentially similay in both man and
the cat, the feline lesion did not manifest, to any extent,
either the intimal proliferation opr the fibrosis or, in any
caso, the final stages of arterial dilatation and neerotizing
arteritis that occur so commonly in man. In hunan-beings
the latter changes were considered to be a concomitant of
very high arterial pressure and the reason why they did not
occur in the cat would appear to be associated with the foecal
distribution of the arterial lesions.

In vhe majority of the cats the pulmonary arterial
changes were not aceconpanied by hypertensive alterations
in the kidneys or the myoccardium. Campbell {1927) veported
pulmonary artesial hypertrophy and hyperplasia in two cats
which suffered from anoxia while Bttinger (1932) recorded a
similar lesion, in a nunmber of cats, following the injeection
of the dye, Janus green. The lesions which wore described
by both authors appeared 1o be similar to thé&& encountered
in the affected animals of the present survey. That fact,
allied with the knowledge of the natural incidence of the
conclition, Jeads to the suggestion that the animals had been
previously suffering from the arteriasl abnormality.

Marcate {1940) and Martin (1959) considered that the
pulmonary arteriopathy represented a seunile change. The
results of the above survey, however, showed that the

condition occurred in cats of all age-groups and that the




severity of the lesions did not increase with advancing
years so that the change is not one that is aseribable teo
senility. Hor was there any suggestion of enhanced
ineidence in eithor sex,

Serotcherd and Weight (1901} hypothesized that
intestinal parasites en route to the lungs were causetively
involved and based their cladm on the work of Harrisen (1948},
of Muirhead and Montgomery {1953} and of Baruard {1953 and
1987 . Those workers had demonstrated that punlmonary
arteriopeloretie changes were inducible in rabbits in response
to injection ©f either Tragments of blood elots oy bullae
of oxygen, nitrogen o adpr. Generally aspeaking, the
rasultant alterations consisted of partislily organised
adherent thronbl thot were found in the larger arteries.

In snaller asrteries aud artepioles, varying degrees of fibro-
elastic hyperplasia of the datina were recognized together
with proliferation of the endothelium and cceasional {ibrosis
of the medial coab.

The pulmonary arterial lesions of lumgwern disease are
difficouls to explaiv on the basis of thponbo-enbolism since
thoe ontsbtanding change is mainly m@@ﬁ&l in distribution and
is aceompanied by intimal lesions that are of lesser import.,
Again, as thivd-stage larvee iagested by the eat usually
mlgrate o the lungs within a feuw hours, froguont wavesn of
embold eve wnlikoly o be produced and finally, evidence of

the presence of parasitic embold within pulmonary vessels
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was noever Tound,

It seeme inprobable that the dependeat pesition of
the lungs of éh@ cat alone leads to the acrterial disorder,
as was snggested by Olcott ot al. {(1946). If that were true
the lesion ought to have oceurred in all eats, and that
gercainly was not so.

Heumann eh al. (1942) and Kell g& al. (1950) reported
prinonary arterial lesions in cats in whieh stimnlation of
the cerobeal coutres had been effected by various means.

In respect of a eontroel group of 28 animals the latter suthors
reported that minimal change of She nedia was prosent in only
four of the cats, which finding was considered to be of little
significonce and to justify the conclusion that the sponw
taneous condition was ravrd. Acoording $o the same authops,
of 19 cats treated with metrasol,ll shoved lesions of the
pulmonary arteries. Such a proportion of affiicted asnimals
appears to be of some sigaificanee sinece, approxinately,soevoen
cats are likely to becone affected if an incidence of 36.0%
and 34.7% in the cat populatien given by Scratchord and
Wredight (1061) and by the suthor of this thesis, respectively,
are taken into considopation, in anothor group of 10 catas
subjectad to other Forms of vasomotoer stimulaotion, Eell el al.
{1650) found eipht animals to be similaprly affected, that was
again Yoo great an iancidence o bave beom attributable to

choneea.



With thoe singular exception of lunguworn infestation,
the punlmonary arterial lesion was not reforable Lo any
particular disease. In ropard to the role of lungworn in
the production of the arterial abnorsality, it 'is renarvkable
that investigators, such as Serateherd and Weight (1961),
Dlcott et al. (1546} and Marcate (1940) did not find any
evidence of the parasitic stato dm the 111, 150 and 30 cais,
prespectively, which they examined. That cupevionce is all
the more surprising in relation to the incidence of infest-
ation by Aclurostrongyius ghsbrusus reported €0 be 1.0% in
Copenhagen, 5.0% in Utrecht, 20,0% in Palestine; 20,07 im
Britain and 6.6 ian the Uest of Secotland. As revoaled by
the.prﬁﬁant sarvey, 19% of cats suffering from the pulunonary
arterial disorder wore found to have lungworm disease aad
not one case of luagwerm infestation foiled to show the
arterial changes. Ppitchett (2938), Blaisdell {(1952),
Mokenzie (1960} and Jubl and Kemnedy {(1863) are authors who
have agsociated pulmonary arterial hypertrophy and hypeerplasia
with poarasitic infestation of the cat.

It ie still uncertain wvhether the pulwmonary apterial
ahu@?@mlﬁtieg are a direct rosult of infection by the lung-
worm or ave connected incidentally with the presence of Ghe
parasita, The former viow iz stropgly supported by clircutie
stantial ovidence, however, and affords o feasible explanation
for the high incldence of sponbtaneous pulnonasry arterial

bypertrophy and hyperplasia ia the cat.
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6, CONCLUSION,

It bas been shown that 34.7% of cate suffer frowm
spontaneous pulmonary arterial hypertrophy and hyperplasia
together with hypertrophy of the snoobth muscle of the
bronchioles and alveolar dueis, A prelationship has not
been proved to exist between that coadition and thoe age or
sex of the animals or with any pathologicsl process other

than that of infestation by the lungworm Aelurostrongyvlus

abstrugns. Bearch of the relevant literature, howover,
has revealed that a similar arterial change has been
producaed by stiamnlation of the vasomotor contres of the
corcbral cortex elther by galvanic methods or by appropriate
chemical substances.

It is propoesed, therefore, to devobe the next part of
this thesis to exporimental reproduction of the arterial
lesions, in consequence {irstly, of infestation by the
lungworm and, secondly, by the adninistration of the drug,
metrazol, which is known Lo execite the vasemoltor centres

of the brain.
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A, BEPERIMENTAL LUNGUWORM BISBASE,
1. THE PARASITE, IT8 LIFE-CYCLE AND 78 HOSYS,
8. &tages of the Parasite.
While some roference has been already wmade to

Aelurosbrongying abstsusns, it io now necessary o elaborate

on the parasive and its life-cycle.

The adult male is, on average, §.2 mm. long and 0,07 om,
becad. Bros are lald by the fenmale, which latier neasures
§:3 mm, in length by ©.1 an. 20 breadith, and ecach ovw is a
delicate structure with a clear protective membrane within
vhieh all stages of segmentation, from twe cells te fully
formed lavvae, may be seen.

Unfixed FIRSBT-STAGE lorvae from the facces of the catl
were found to measnre 0,36 mm, long by 0,818 to 0,02 mm.
broad {Mackerras, 198§7) and are recognisable by their
Jeshaped form togethor with a venterally turned tall which
bears a distinet double notoeh, Thoe larvae are eliminated
in the faceves of the cat and are then taken ap by an interw
mediate host, the precise nature of which has been thesubject
of some controversy.

Outeide the bedy, the larvae may yﬁ?&iéﬁ for at least
1l days according to Cameron (1927) and for 18 days aceording
o Fry and Stewart (1932). The latber anthors found Ghat,
in teased lung maintained at 20° Cep Ghe suivival time was
only twe days while cut-of-deoors in January it was five days.

Hobmaier and Hobmaler {(14385a) kept laprvae alive in water at
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roon bemporature for five wveoks. Bloisdell (1952}
sustained larvae for 11 days in Lap-water ab 37%¢. and fop
26 to 43 days in eabe-sernn that contadned antiblotic, The
same asubhor found larvao to survive in tap-water for 34 days
at voom temporature, for 12 to 13 daye ot 49C. and for five
dayas ab -§%C, Whon faccesn wore allowed o gy a6 room
temperature, all the larvae were killed with the oxcoption
of a few at the conbtre of the mass. Blaisdell {1053}
concluded that the larval forme were likely (o persist within
o thermal range of 19%¢. o 423%C. inasmuch as larvae were
8641l active at the Tormer tempersture and, at the latter,

a fow sluggishly notile larvae were appreciable. &
Lemperature of 52°¢, was found by Cameron (2927) to be

lorvieidald as was freezing, altheugh the latter was contra-

§eie

dictod by Fry and Stowart {(1932) as well gs by Blalsdell {(19§52),

e JInteprnddiate and Auxiliary Hosts.

According to Cameron (1927}, firstestage larvae cater
nice to oneyst in nuscle and sub-outaneous Lissues. The
mcuse becomcsinfective Yor the cat after abont three weeks
and may resain o for, at least; one yoar, A8 a resullt of
eatinfy an affected monse, the e¢at io infected and withim it
the larvae are liberated o develop into mature worms which
are present in the lungs in six weels, Experiments by
Cameron (1927}, based on the feeding of infected mice to cats,

were snccessful bult passage from cat (o cat was not agchieved,




Hobmaier and Hobmaier (1935a) ropeated the investigation
of Camoronr but were unable in a series of four exparim@nﬁs
o infect mice. Similarly unsucesssful were Bandet {(1933),
serdeihber (1949}5 Blajedell (1982) and MacKorras (1857).
Hlowover, both H@hﬁaiﬁw and Hobmaier (1935b) and Mackerras
{1987} preved that mice may aet as suxiliary hosts inasmuch
an third-atope larvae introduced into amice onoyst and s0
may ronain infective Tor the eat for some time. Hotmaier
and Hobmaicer (1935b), after unsuccessful attempis to infee
a lavge variety of vertebrates and insecets with Ffirst-stage

o

lapvae of Aclurestreongying abstrusus, finally achieved

et valeaEny

positive results by the use of molluses, A diveraity of
alugs and snails proved serviceable but resulis wore found

to vary among different species siance in some nmolluses
third-stage larvae developed to consideprable sunber but in
othors were produeed searcely; if at all, despite heavy
infesvation, Snalls werse superior to slugs, in which latter
the fingl number:s of thivdestage larvae was always resupricted,
the time vequired for their development varied and the span
of larval 1life appeared to be shoprtened. The most suitable
epecies was EBpiphrosmophora followed, in order of utility,

by Helminthepypia, Helix ond Agrielimax.

SR e e A Y ST Bri ozt el iy

Gerichter (1049) experimentally infected a large variety
of mollusce, of which Helicella, Mompeba and Agplolingy were
the intemmediaste hosts of choice.

Hlaisdell {1652) nade use of seven tynes of snail and
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three types of slug and found that all were efficiend
intermediate hosts. From one slug of the Limax species
2,500 larvae were recovered over a period of 2§ days.
lobmaier and Hobmaier (1935b) demonstrated that animals
inclading frogs, tbadsg lizards, anakes, birds (such as
sparrows, duckiings and chickens) and small mammals (rats
and mice) may act as AUXILIARY HOSYS should they be infected
by third-stage Larvao, Ubservailions revealed the larvae
to be alive after 100 days in frogs, o be degenerate after
one moath in rabs and mnice and to be dead after 11 weeks in
dogs and that, in all those instances, the larvae scourred
as snall cyst-like structures located mainly around the
alimentary tracgt. Since some of those hosts are more
acceptable as feod to cats, they probably play a more
important part in the spread of the coadition than do

nollascs.

@, bBovelopmnent of lLarvae in Enternediate Hosts.

According to Hobmaier and Hobmaier (1934) first-stage
larvae in contoet with moelluses bury Chonselves in the
furrous of the sole and a few hours later may be seen Lo
eanter the adjacent epithelial lining whonce they migpata
inte the musenlar and connective tissues ef the foot.
Sueh invasien is facilitated by the pores of tho pedal
glands and may take plece over the entire area of the

plantar furrcows although, when they are present,




longitudinal suled are also favourable sites of entry.
Within the molluse, two moults toke place and development
to the soccond stage is complete in, approximately, 11 days
atter infection. That stage lasts for four days (Gerichter,
1949) and is followed by up te two days of quiesence hofore
thirdestape iafective larvae evolve, Under optimal
wongditions, the whole procoss of intra-nolluseon development
takes 18 days, measnred from the time of infection.
Hobnaler angd Hobmaler (1935a) gave approximately 10 days as
necessary for the first moult and five to six woeeks for the
anepgence of inﬁe@tivé larvae while Mackerras (1987)
sugrested that the first moult ocenrved at six days and © he
second at nine days after infection and that infective
lavvae were fortheoming in gbout A8 davs. Ihe differonces
in the time of development are prebably referable to the
diverse species of molluses employed as well as to variation
in seascnal factors, Further maturation of larvae does not
pcour in the molluses but -viable forms were reporied by
Hobmaier and Hobmaier {(1935a) to have @een recovered after
six monthe from spoecies of &g@gﬁg@gﬁ&ﬁhﬁgﬁ and Helix although,
by that time, larvae had diaappeared from, or were found to
bo extincet in, obther nolluscan hosts. CGorichter (1949) and
ﬁlaisﬂe&& {1952) obtained living thivdestage lorvae at the
end of 1Y and 44 months, respectively.

Gerichber (1949) roported that the optimal temperature

for the development of lavvae in molluses was 30°%C. and that,
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even i the beat of intormediate hosis, larval growth
doclined with fall of temperature until, at Sa@., it had
conplotely ceased, In infected molluses maintained at a
temporature of 4°C, to 89C., larval maturation was suapended
for a perliod of four months but was resuned when the
tenperature was again raised. Bladedell (1082) stated that
larvae grew more rapidly in snalls kept at roon temperaturo
and that 14 days were required for the production of
infective larvao whepreas at a temperature of 12%¢, to 25°¢.

a period of 36 days was necessary for matupation,

d, Xafootion of the Mammalian Host.

ithe cat beeomes iafected afber 1t has ecaton edther an
auxiliary host or it has coasumed g molluse wvhich hos bheen
infosted by Cirst-stage feluprcstrongylns larvae. Infoctive
Sthird-stage Llevvae are liberated dnto the apper alimeatary
tract of the cat as a consggquence of the mechanical process
of chewing together with the elffeel of gastrie ferments,
- The laprvae gre gotively motile and enter the oucoss and
underlying museularis of the alimontary traet within one
day after infecbion by which time, btoo, soeme lavrvae may ba
Ffound in the lungs. Localization of larvae resulis in the
formation of small nodules that gcour in the omentum and,
oecasionally, the nmosentery and the peri-oesophageal looese
Gissues where, however, prograss to adulthood does not take

placa, Hobmaier and Hobmailer (1935b) considored that
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localization was a result of forced feeding of larvae since,
undepr natnral conditions, ecats often vemit and re-ingest
thoir food several times, which hablé, in conjunction with
the cavoful chewing characteristic of the species,allows
ample opportunity for the releoase of lavvae and thelsp
subsequent passage through the alimenvary wall,
Blaisdeoll (1952) reported that larvae penctprate the stomach
wall within three hours after infection and pags via the
Lymphaties to the lungs. She falled to iseolate any lasrvae
from the liver, peritoneal cavity, uwrine opr blood 18 hours
after ianflection.

When larvae reach the lungs, they remain dorment fopr
a time but, by the fifth or the sinth day ofter ilanfection,
fourth-gtage larvee anorge and are followed, ap to five days
lator, by £ifth and final stage larvae, afber which time
young adults are to be found, Both larvae and adults
tnbabit the lung substance, vhere sexnal maturity is reached
by the fourth week, and theroafber eggs in vardous stages of
devalopmoent occur Lthroughout the lung substance. Firstestage
lorvee are detectable in Lhe facces from 35 to 39 days
foliowing infection, presumably, after they have bheen coughed
up and swallowed by the eat. On the other hond, Blaisdell
(1082} foumd it Aifficult to discover larvae in swabs taken
from the mouth, pharyax or oesophagus but succceded in

recovering theom from the trachea of anacsthetised cats.
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Adult worms may persist in the luage for o considerable
tine and the Foregoing authoer cited two years as an oxorene
exanple of that supvival, it s now genorally aceoptod
that, in the majority of casos, the production of egge and
larvoe ceases in from § to 13 weoks. Blaisdell {1062},
however, declared that there was an inactive phase as well
as an acblive stage of the disecasce and bthalb, during the
former, larvae wvere sbeoent from the faeccos, and eoges and
larvae wore missing fron the lung, despite the fact that
adult woras were still preseat in the latbter organ, The
fomale forms, however, did not have any eggs in the
reproductive traet, which finding wes considevred to Lo the
result of an inmsunocloglieal yesponse on ¢he part of the host.
The same aubthop slso found that, if the resistonce of tho
host was lowered; o.g. by focding a reantricied diet,; the
infection was exmseerbated whoroupon ova and laprvae were
again produced. Iin the case of elight out of sixteen
animals which had recovered from a prisary ialeqtion,
re-infestation was unsuccessinl as vere also alitenpts vo
produce a state of artificial immunity by the use of first-

stage larvae.
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2. THE EXPERIMENTAL PRODUCTION ©F LUNGWORM INFESTATION
iIN EHE CAT.
a. Care, Cultivation and Infection of the

Intermediate lost.

Snails of the species, Helix aspersa were collected
and kept in the laboratory at roon tempepature for several
months throughout the autumm and winter, ‘They were
acconmodated in plastic bins, 129 by 9% x 6" deep, over the
bottom of whieh was placed a layer of coarse gravel covered
by a mixture of chalk, soil, decaying leaves and vegetable
matter ond picces of rotting wood. The snails were
cenfined 0 the bin by means of wire-~gauze. The soil was
kept molst, the snails were fed on cabbage alone for a
period of five menths during which time they appeared
healthy, resisted fluctuations in temperature and even
produced Large numbers of egos. According to Blaisdell
(1952}, the likelihood of collecting naturally infected
snails is remote since, in the course of examination of a
large number of molluscs, she never found third-stage larvae.

fince it is one of the larger speaiém of snails, Helix
aspersa is eninently suitable for studies on infection,
From a cab severely inflested by jdelurostprongyinsg abstrusus,
material was obtaidied in the form of first-stage larvae
which were collected after the infected lungs had been

macerated and teased in water. The larvae were allowves




Figure 28.

Snails (Helix aspersa) along with

a sixpenny bit for comparison of size.




Fig.
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to sediment and the supernatant fluid was decanted to feave
a deposit that proved to be rich in those inmature forms.
in all, 24 large sunails of the species, lielix, were
individually iafected with recovered larvae which were
deposited by means of a Pastenr pipette inte the shell
aperture. Additionally, the snails were placed in a
covered dish containiang larvac-bearing fluid and allowed
to stay there for several hours, which treatment did not
appear to have any adverse efféct. As has been already
stated, developuent to third-stage larvae takes 14 to 18
days under optiwmal conditions and, since lielix gspersa was
recomnended as a favourable host by liobmaier and Hobmaier
(1935a) and was kept at room temperature, maturation was
tLhought iikely to have occurred in that time, but, to nake

certain, the snails were not fed to cats until at least

28 days after exposure to infection.

be Bxpovimental Infestation of the Mammalian Host

by the Parasite.

Stundies on transmission were pursued in 12 kittens, all
of which had been born in the animal house and were used
for experiment when they had reached the age of 12 weeks
and were of average weight, 650 grammes. Uther six kittens,
of similar ago and weight, were kept under identical
conditions to provide control material. ihe infected snails

wvere vemoved from their shells and cut intoe small pieces
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vhich wore iptimately nixed with seall anounts of a
propristary cat food, and fed in oqual quantity to the 12
experinental kittons on two ogcasions. The animals readily
ate the nisture but within ten minutes almost il of them
became sick although some of the regurgitated material was
later eaten, &t the second feeding a smaller amount of
molluscan material was offered.and sickness did not ensue.
Blaisdell (1652) Eéunﬁ difficulty in persuading eats to
aecept nolluscwcontaining food which often caused vomiting.
She attribnted the latter sickaness Lo the dirritative effect
onerted by the larvae as they invaded the gastric wall since
sats fod free larvoe became ill after the same lapse of time
as those given molluscan matesrial. in respect of the
present experiment, it remains uncertain whether the
molinscan material or the larvae were accountable for the
enesis and, after the daitial vomiting, uone of the cats
exhibited any other signs of illnoss. The main disadvantages
of the Foregoing method of feeding are (a) that the infeeting
dose cannot be acourately measured and {b) that evidence of

individual infection is difficunlt to establish.

¢, Methods of Bxaminatien of the Infested llost.

Bevelopment of third-stage larvac to adulthood; with
subsoguent production of egge and larvae and ultimate
appearance of the latter in the faeces, is generally agroad

o Stake 3§ to 30 days, so that ecarly infecotion is detestable



only by mnecans of sutopsical and histopathelogleal
oxaninabions . i order that indtlal reactlons as well as
the pathogenesis of tho condition might be ascertained,

over & poerioed of six months, one infected ¢nt was sacridficed
caeh fortnight and one control ¢at was killed monthly.

Yo onsure that all of the animals had been successfully
infepted, the faeces of each cxperimental eat, excepting

the first two, vore examined for the presonceo of first-stage
Lavvaa. For that purpose a small amount of faeces wos
mdxed with water and 1@?& ovoralight gt room temperature o
aliow the larvae o omerge before the extraet was centri-
fuged asnd the rosultant doposit exanined nicroscopieally.
The olinical progress of cach aninal was noted and, im due
time, ocuthanasia was effected by intra-popritoneal
adninisteation of pentothal. From the unconscions ¢at

o ssmple of blood was taken and subjected vo the following
progedures: total and differential wvhite cell count, .
estination of packed eoll volume ond erythrocyte sedimentation
rate as well as deberamination of haemoglobin concentration
by means of the methods that have been described im Past 2.
Bone-marrow preparations wvere made and stailned by the method
of Jenner-Giemsa. Inmediately afteyr death, the Lungs and
other tissues were removed and grossly exunined before they
were fixed, cmbedded and cul into sections which were
stained by the methods alveady detailed in Fapris 1 and 2

of this work,
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3. RESULYE OF THE BIPERIMUENTAL INFESTATION.
a., Clinical Fiondings.

Increased rate of respiration was noted in oanly one
of the experimental animnsls but, from the eighth week after
infection mmwarﬁa; the majority came to be affected by
conghing which was exacerbated by handling. Appetite
repained geod wvhile the cats were lively and in fair bodily
condition. it is difficalt, however, to assess the precise
elinieal import of lung diseasc in caged animals whieh are

perpicted little movement and are aot subject to undue stress.

B, lHaesmatological Results.

The main haematological findings have been recorded in
Table 32 {(p.162 } and will be later discussed along with Ghe
pathological findings that were euncountered at sach stage

of the eupordimental disease.

¢. Descripbive Pathology of the Biseasc.

The results of examination of cats killed at fortmightly

intervals are detailed below,
AL Two Weehs aftor Infection.
Horbid Anatony.

The lungs appearcd nernal bhut closer examination
revealed tho presence of minute,vhitish lesions that ccourred

in appreciable mambers throughout all the lobes,
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Brenchial Iyoph-nodes veres slightly enlarged, felt firm and
were honogonecsusly white da eolour but all the other organs
weore ot grossly altored, Exanination of the gastro-
intestinal tract fos the presence of parasites resnlied ia

the finding of two round worms.

Mstopathology.

The lesions were found to be referable histopathologe
ically o the presence of focal cellections of vells, which
Llatber consisted mainly of eosinophils, Llymphoeytes and
maerophages . The Yool wero leocated in bronchioles and
alvecli, occasionally exhibited central neerosis and often
incorporated portions of hypertrophied smooth muscle derived
firon the walls of the brenchiocles and the alveolar ducts
(Fdeze 29, Pal3d ) in a few instances; transverse sceotions
of young adult parasites, again surrounded by a like
cellulapr reaction, were found in respiratory tissue (Fig, 30,
e 134 ) There was also a more diffuse infiliration of the
interstitiug by the same types of cell that spread outwards
from the focal lesions but parts of affeclted lobes remained
free fran the eeliniar regetion, Especially in the nore
gellular regions, peribronchial, topether with perdbronchiolar
and poprivascealar,; aceanulations of lymphoaytic ond
eosinophilic enlls were conspienons and frequently those cells
wore to bhe foumd in contaet with the vascular endothelium

onr thelr way through the vessel wall, Iinvasion of the walls



Figure 29,

Figure 30.

Two weeks after infection. The muscle

of the walls of the bronchiocles and

alveclar ducts has undergone hypertrophy.
Van Gieson. X.138.

Two weeks after infection, A young adult
worn embedded in pulmonary tissue and '
invested by a cellular reaction mainly
of eosinophilic cell type.

Haematoxylin and Fosin. X138.
i



Fig. 29. 134

Fig. 30
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angd the luming of bronchi and bronchioles by similar cells
wat alse noted,
In & nmumber of the pulmonary arterial brasches,

hyperteophy of the soooth musele of the tuniea nedia wes

e

observable and the associated mesn wall-to-lunen patio
proved to be of the order of 0.4222:1 (¥able 33, p.163 },
‘whiuh figure is significantly highoer than that recorded for
noenal artevries (Table 1, p.15 }. In the case of both the
frankily parasitizgetd and the highly ecellular areas, the
distribution of the affected vessels was renarkablo in that
it was pronounced and even diffuse whereas away from the
lesions the change was less common although just as prominent
when it did oceur,

Apart from eosinophilia (Table 32, p. 102 )}, the only
hacmatological featuvre of note was a markedly olevated
erybhrocytc sedimentation rate (E.8.R.) of 20 am. per hour
compored with a value of X to § mm. per hour which ie
amwsiﬁeraﬁ normal For the cat. Ppeparations of bone-narsrow
wero found to show an increase in the numbers of eosinophil
mnyelogytes and meta-myclocytes.

The bronchial and mesenteric lymph-nodes manifested a
degree of lymphocytie hyg&rp&asﬂa but did not show any
evidence of the passage of parasites, The amount of lipid
in the zona faseicnlpta of both adrenals was reduced and
inparted to the affectod colls a more compact appearance!:
but, histepathological aberration of othoer organs was not

found.,



136

At Fouy Weeks aftor Infoction.
Horbid Anabomy.

Throughout the pulmonary substance wero scattered
nuRerous creau-colonred opalescent foeci, 1 to 2 am. in
diameter, which bhad occasionally coelesced te foram lapger
and more Lrgregular lesions. Superficial focd were raised
above thc surface of tho lung and all afffected zones yere
rather caseous in nature {(Fig. 31, p. 137). Thoe bronchial
lymph-nodes were slightly enlavged, homogencoously white and
fiem din consistency whileo inspection of the myocardium
rovealed the presence of widely ﬂigﬁrihu&eﬂg snall, pale

areas logs thoan one pillimetre in dianeter.

Hastopathology.

Degpite earoful search of serial scetions of lung
tissue, aduli paraéiﬁaﬁ were hard to find and, when
discovored, wverae found to be geldom attended by mmeh
cellular veaction. Invariably they were located in the
bronchioles, the alveclar duets or in the alveolar cavities.
At this svage of the diseaso, éﬁgeaasis had begun and
evident were multiple foci comprised of cellular material
and of ova at various stages of development, As yet,
however, the ova were few in number and did not contain any
larval forms (Fig: 32, p.137 }. The esllular reaction

consistad mainly of ecsinophils; lymphoeytes and maany

&



Figure 31. Four weeks after infecfion. Widespreadsﬁ
maltiple small lesians together with
occasional coalescence in the lunga of
an experimentally infected animal. P

Figure 32. Four weeks after infection, A few ova @re

surrounded by a nixed cellular veaetionai

Mugcular hypertrophy is prominent in the %alla

of the bronchioles and alveolar ducts. 1

A branch of the pulmonary artery towards the

left of the picture shows medial hypertrobhy

together with some degree of peviarteriti%o
Hlaematoxylin and Eosin, X138./
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nacrophages, some of which latter bhad coalescad to form
large multinucleated giant-cells. In certain parts, oggs
currounded by the latter cells had undergone degeneration,

a state that was presumed to be indicative of & defensive
reaction on the part of the hest. Away from the main areas
of disturbance, there was slight, bult definitely increased,
seliulapity of the inteprstitial tissues of the lung.

There was marked hypertpophy of the gmooth muscle of
the walls of bronchiocles and alveolar ducts and occasional
foci of peribrenchial and perivascular lysphoeytic roaction
were nobed as were, toe, penetratiocon of ¢he brouchial,
bronehiolar and arterial walls by cosinophils and lymphocytes
(Figs, 33 and 34, p.139}. Slight proliferation of the
brounchial and bronchiclar epithelium was associated with an
incressed amount of mucus and lymphoeytic hyporplasia was
also o be seen in the lymph-nodes.

Measurement of the mean walleto-lumen ratio of the
pulmonary arterial branches gave a figure of 0.3704:1 which
is slightly bolow that established for the first animal but
still significantly higher than the normal value, As before,
the sltepration was found to resuwlt from simple hypertrophy
af the medial smooth muscle. ALl arteries were not affected
and, even in the same section of timsamne, many were of normal
structure. Histologically, the ayocardial lesion proved
to consist of foecal infiltration of momonuclear cells

together with a few granular leucoeytes but, the presecnce




Figure 33. Four.weeks after infaétion; Bronchiolitid,
periarteritis and endarteritis in which

i

éobinophil 1encocytesrére mainly'inVOIVQﬁ.
Haematoxylin and Eosin. X138.

Figure 34. Four weeks after infection, A higher ,

magnification of part of ¢he section
illustrated in Fig. 33, to demonstrate
the migration of eosinophil leucocytes
through the arterial wall and consequent
periarteritis. |
Haematoxylin and Losin. X312,

i

|
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of parasitic eclements wvas not demonstrable. The only other
organs changed in any way were tho adrenal glonds in which
depletion of lipdd im Cthe faesciculate zone was onee again
evidont.,

Haeaatologlenl examination discleosed an increase of the
total whito cell count to 2S,ﬂ@ﬂ por cu. mu. which was
aseribable o polymorphonuclesr and egsinophilic loucogytosis,
the erythrocyte scdimentation rate was praised to 22 am. per
hour and examination of bone-narrow proparations showed
prominent hyperplosia of eosinophileproducing cellsot

A Six VWooks after Infection.
Morbid Anatomy.

Foth lungs were severely affected, especially along the
dorsal margins of the diaphragmatic lobes, Yhe lesions
consisted of multiple, whitish nodules, a few millimetres
in diameter, but in many areas they had coalesced to forn
focl, up to ten millimetres in diameter, that projected from
the surfoce of the lung (Fig. 35, . 141}, They were of
fairly firm consistency and, because of their number and
widespread distribution, inmparted to the luag a distinetly
rubber<like feeling. On zection, some of the larger
nodules yielded a viscid milky fluild. The bronchial lymph-
nodes were considerably enlarged, up to 3 cm. by 0.4 cm.,
were honogeneously white ian colour and were rather firm to

the touch.
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| FPigure 35. Six weeks after infection. A close-up vi%w
of a lobe of the lung of an experimental
subject, to show the widespread distribution

| and cocalescence of the parasitic lesions.

. i
Figure 36. 8ix weeks after infection. - Developing larvae
surrcunded by a cellular reaction which
includes many multinucleated giant-celils.

jlaematoxylin and Fosin. X138.
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Fig- 35

Fig. 36.
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Hstopatholegy.

Damago to the organ was widasvréad and scovere. JIn all
lobes, there weré to be found large zones of cellular
reaction that were located around doveloping oges or larvae
amd, in wany instances, exhibited central neorosis
{Figs. 30 and 37, p. 141 and 143}, Just as the preceding
rase, the main types of cell embraced cesinophils, lynphow
cytes and macrophages together with numerous giant-cells.
Often lesions failed to show any sign of the presence of
parasitic matbor but, after careful examination of sevial
sections, some evidenee of parssitic participation was
found in the majority of cases. There vore many arecas of
epithaliclization where proliferation of the alveolar lining
had given rise Lo pavement-like sheets of cuboidal cells
that together with celiunlar infiltration of the pulmonary
sopoa, conferred upon the affected part a gland-like
appearance (Fig. 38, p. 143). Awny from the main foold of
auhiwity9 thero was considerable cellunlar infiltration into
the inteprstitial tissnes and the alveeli while arcund the
bronchi and tho bronchioles lymphoeytes and ecsinophils
abounded. fa the most affectied regions, proliferation of
the mucesal cells of bromehi and bronchieoles and hyperplasia
of the peribronchielar glandg accompanied by immigration of
eosinophils and lymphocytes;, were especially prominent.

Adult worms were to be found in the bronchioles, ‘the alveolap



Figure 37.

Figure 38.

Six weeks after infection. A field,
gimilar to that in Fig. 36, chomen to
show in greater detail the giant-cell
reegction around developing ova.
Haematoxylinr and Eosin. X312

$ix weeks after infection, The presence éf
a marked alveolar epithelialization is to be
noted. Also apparent are a few ova and |
larvae together with a cellular reaction |
which consists of eosinophils, 1ymphacyteai
macrophages and giant-cells. |

‘ liaematoxylin and LEosin, X138,




Fig. 37. 143

Fig. 38.
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duete and the alveoli where, teo, hypertrophie changes of
the enooth musele of the walls were well advanced.
Alveolar comphysema was coaspienous im many parts of the lung.

Migration of lymphocytes and of eosinephil) leucocytes
into the arterial walls and the pa#iva&eulaw tissnes was
marked ond in some vesgels endothelial swelling and
proliforation was a feature. Bypertrophy of the oyofibrils
of ¢ he medial coat of arteries was noye pronounced than that
observad in elther of the first two anisale and was associated
wi&h a mean walle-to-lumen ratio of U0.5580:2 but, although
the arterdal lesions were faivly widespread, noraal vessels
wore aluays identifiable. fxcoptionally, local occlusion
of an artery was encountered {Fig. 39, p.145 }, but, as a
rule, affected vessels displayed diiffuse thickening of their
walls, There was not any avidence of intimal fibrosis but
noticeable stretching of the external elastiec laminae
securred in some badly affected arteries, The lyaphocytic
plements of the bronchial lymphenodes wero diffusely
inereased in nuuber. Blsewhere in the body, the only
appreciable alteration was to be seen in the adrenal glands
where decrease of Lipdd in the gona fasgioculatn was again
proninend.

From o hacmatolegionl viewpoint, there was a diminished
white eell count (6,200 per cu, wn,) together with a
concomitant eosinophilia of 19.0% and, at 22 mn. per houp,

the eryithvoeyte sedinentation rate was still unduly high.
b ¥



Figure 39.

Figure 40,
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Six weeks after infection. Longitudinal?
section of a pulmonary arﬁery displaying §
a localized area of endarteritis together|
with perivascular lymphocytic Yeuffing". |

Haematoxylin and Fosin., X138.
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Ten weeks after infection., Prominent
pulmonary arterial hypertrophy and
hyperplasia accompanied by swelling and
proliferation of the endothelial cells
of the intima. o
Haematoxylin and Eosin., X138.
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Bone-narrow preparations showed hyperplasia of the

progonitors of the evsincphil cells.,

At Bight and Yen Weeks after Ianfection.
Morbid Anatomy.

Since the animals killed at both stages of infection
digplayed gross appeavances ossentially similar to those
found in the animal killed at six weehks affter iafection,

a separate description is unnecessapy.

listopathelopy.

Ova and larvae were &till prominent and the associated
collular reaction wae much as that already desoribed save
for o greater incidence of multinucleated piant-cells.

The reaction around the parasites was of a more densaely
callular character and, in soma parts, larvae and ova had
begun o degonerabe; a change that was more cobvious in the
case of the animal Killed at 10 weeks. The large necrotic
areas so apparent at six wecks after infection were less
conmon and, overall, the microscopical picture suggested
that movement of the parasites had beon contained by the
defences of the body. In both cases, bronchitis and
bronchiolitis was asscociated with the presence of ova,
larvae and eosinephil lencecytes within the affected lumina.

Proliferation of the broanchial and bronchiolsr epithelium



and enlavgencnt of the perlbreachial glands cogether with
zones of epithelialization and cnphysena wevre present,
Away from the pain foel, the most prominont findiag was
hyperérophy of Lhe smoobh nusclo of the bronchioles and
alveolar ducus. Aduld woras, wvhen present, were Found in
the brouchicles, the alveeolar ducts and alveoli.

Hedial hypertrophy of Uhe pulmenary aviteries was mnore
oxtrone and was accompanied by a moan wall-to-lumen ravio
of 0.7704:1 in thoe case of the cat hilled at eight woeks
and 2,2554:3 for thoe andmal sacrificed at ten weeks.

In the instonce of the latitor, mitotie fipures seen in tho
myoiibrils indicsted a degrec of hyporplasia ond; as before,
the muscular lesion wag‘mainly accountable for the arterial
thichening oxceopt whon swelling and proliferation of
endothelial cells, memetimas.quiﬁ@ exvensive, had censued
{rig. 40, p.145 ). Vaenolation of nyofibrils wae apparent
in a aumber of the thickened vessels bul dmmigration of
eolls dinte tho vaseular walls was less conspiouous although
it was propinent porivascularly. Ecpeoeially in ¢he animal
kapt for 10 weeks, fragncatation of both the internal and
the external elastic layers was oconmon and, in sone veassels,
thoso laminae had portially disappeared. Heither intipal
fibrogsis aor accoumulation of lipid was denomnstrable in the
alberced arteries. Although 1t involved a great many vessels
in ail parts of the luung, the avteriel thickening was nob

undversal and norual vessoels were recogunisable.



348

The bronchial lymph-nodes were the ascal of sarked
iywpheoeytie peoliferation and the only other change of
pathological sipnificance, common to bobth cats, was a
doficiency of lipid ia the fascieulate zone of the adronal
glands (Fig. 41, p.149 ). Fraom the intestines of both
animals o small number of tapoeworns was recoveraed.

I the olght and ten weeks animals, rospectively, the
total white cell counts woere rather low, at §,100 and 6,250
per Gu. om., bult there was an cosinophilia of 22,0% and
27 . 0%, Epythroayte sedimentation rabtes wore elevated to
23 wmm, per hour in the olght week, and to 40 mm. poer houp
in the ten weel,aninalse, Bongenarrow preparations showaed
pireliferotion of the eosinophil socta-myelocytes and

myclocytes.

At Twelve and Fourteeon VWeelks after Infection.

Morbid Analtomy.

Although the aéimal Eilled at twelve woeecks proved to
be rabhor more Lightly infected, the pulmonary lesions of
both cate were foairly similar,  %here were pale focd, mainly
of 1 to 2 un. in diameter, scattered throughout the lobes of
the Iunge altheough there wore also several larger, more
ivvegular, firm and protusive m@daléﬁ gopacially, in the
aninal killed at fourteen weehs after infestation. En

addition, other lesions eoccurred as large, whitish, loss



Firure 41,

Figure 42,

Ten weeks after infection.

'

A section of

|
]
|
|

an adrenal gland stained to demonstrate

o
lipid-depletion of the zona fasciculata.

- Haematoxylin and BHosin. X138.

Twelve weeks afier infection,

may be seen on the ventral surface of the
Two considerably enlarged bronchial lymph

are also apparent.

A few pale

foel
lung.
~nodes
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woll-defined zones which wore not elevated and were only
glightly filemer than the normal tissue, Enlarvgenent of
the bronchlal lyaph-nodes wos still apparvent {(Fig. 42,

Pel49 o

Histopathology.

hoth sets of organs wore characterized, asbove all, by
lavge clear areas of palmonary tisswe and, the parasites
werae Lisndted in the sain to sharply desmarcated, highly
collular fool, The gecond most strilking feabure was the
reduced aumber of lavval forms and, not infrequently, the
presonee of ove was the sole indication of parasitie
infestation. Many larvae and ova woro @@g@ﬂeéﬁﬁ@ﬁ ancl,
an f@wmaéiyg wepe suprounded by cosinophils, lyuphooytes,
macrophages and glantecolls (Fig. 43, p.151 }. Aloo present
was perdbronchiolasr and perivascular infilteation by
gopinophils and lymphoeytes together with proliferation of
bronelial epithelium and hypesplasia of peribronchial glands.

fiypertrophy of the spooth musele of the bronchicles and
alveolar ducts was marked and, in both animals, the pulmnonary
avtories were considorably thickened and tortuous {(Fig. 44,
Po151 ).  In the animals killed ot 12 and 14 weeks, the
mean wollsto-lumen patios were 2.4000:1 and 1.31906:1,
respectively and, as in the preceding cases, the mural
thickening was atépibutable mainly Lo hypertrophy and

hynorplasia of the medial coat with, in a few imstancos,



Figure 43. Twelve waeks after infection. A few
degenerating ova are surrcunded by a )
densely cellular reaction which consists !
of eosinophil leuncocytes, lymphocytes, 5
macrophages and giant-cells. |

Haematoxylin and Bosin. X138{

:‘
i

Figure 44. Twelve weeks after infection, Gross medial
hypertrophy and hyperplasia of a branch of
the pulnonary artery associated with muscular
hypertrophy of the walls of bronchioles and

alveolar ducts. .
Hapematoxylin and Eosin. X45.
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slight formation of longitudinal smusele in the intima.
Vacuolation of $he enlarged musoele cells and degenecrative
changes, conaisting of thinndng and fragmentabion of both
alastic laminae, wore widesproad. dwolling and prolif-
eration of endotholisl cells ad cosinophili¢ infiltration
of the vascular walls were less promineat than in the
Provions cases and the sub-endothelial tissue of a few
vessels oxhibited a few vacuoles,the conbents of which
proved negative to methods of staining for lipid, mucopoly-
saccharide and glycogen. The arteries in the cleayr zones
were similarly affifecteod as was the smooth musele of the
bronchioles and alveolar duclts awd such areas appear to have
resulited from the removal of ova dnd larvace by macrophages
and glant-cells; thus creabing spaces in whiech disorganised
Lung tissue and the hypertrophied muscle porsisted. Adult
voras were difficenldt to find but some weore apprecisted in the
air passages and alveold., the bronchial lynph-ncdes were
diffunely hypoeplastic and, once again, the gona faseiculata
of vhe adrenal glands was dolicient ia lipoidal matepial.
Haenatological iavestigation revealed a total white
cell count of 6,000 and 9,800 cells per eu. wmm. of blood,
togethor with cosinophilia of 21,0% and 23.0% and
eryehrocybe sedinentation rabos of J¢ and 18 mm. per hous,
for the animals sacrifiged at 12 and L4 woeeks, respectively.
Proliforation of cosinophilic eells was noted in the bone-

MAPProw.
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AL Bixteen and Hdghteen Weeks after Iafeption.

lorhid Anatomy.

In bobth ecascs, all the lobes of the luags,especially
the' diophragmatic, were Found to show a few nodules,
1 o 2 wn. Ain dlameter. Such lesions were yollowish in
golour, friable, falirly well-demareated and had cvaleseed,
in some instances,; vo form lavger protrusive nassos several
millimetros in diameter (Fig. 45, p. 154 }. Alsie proosent
wero moere oxtenslive, ill-defined and whitish areas which did
not protrude from the surface of the lung and vere only
slightly Cirmer in coasistency than normal pulnmonary tissne.
Othorwise, the lungs were livéle altopred and hod Lost the
rathor velusminous appearance characteristic of earliior cases.
The bronehial Eymphon@des worae narhedly enlorged, whitish

and Fivn,

tistopathology.

The bullk of the pulmonary tloesue proved to be free
from parasitic clements and the outetanding feabure was
vhat of haphazardly avranged nasses of hyperirophied smoobh
ausele derived from the walls of hwomﬁhialeé and alveolar
duets, Ia places, there was increased cellulavity of the
soptal walls due mainly to the presence of lymphoeytes,
which latiter bod oecasionally spread inte the alvecli.

In othoy morve geverely affected arean, lesions wore nore



Fignre 45, Sixtesan weeks after infection. A few palé
notules, 1 to 2 mm. in diémeter,'are present
on the dorsal aspect of the diaphragmatic

i

lobes., Otherwise the 1unga are normal.

Figure 46, Bighteen weeks after infection. A markedﬂy
thickened pulmonary artery im which the |
elastic luminae have entirely disappeared.j
Intimnl fibrosis of minimal type is also ‘
present.,

Lawson and Van Giesoca. K312¢§
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Fig. 45.

Fig. 46 .
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csolidly cellular and conbtained lymphooytes, a feow

eosinophils and maecrophages together with some perivascular
iymphoeytic reagtion. Some well-defined focd displayed a
few degenerated ova and larvae which were usually widely
dispersed and were enveloped by nasses of glenv-cells
apsooiated with o small anunber of cosinophils and lyanphocytes.
in animals sacyificed at 16 and 18 weeks, hypewrtrophled
avterios with mean walleto-lumen roatios of L.4207:L and
L.702531 samified thr@ughﬂut the lang tissue. Degeneration

S of the clastic leminae and slight intimal Cibrosie (Fig. 40,
p.154 )} wore apparent and a few arteries showaed evidence of
cosinophll Jlencoeybtic iumigration and ¢of proliforation of
endotheldial cells. Peribronchial and peribronchielar
lywphooytic reaction was limited mainly to the affected

parts of the lungs and adult worns were lnereasingly diffdicult
to damonstyrate althongh some female parasites with enpty
oviducts wore noted,

At this astage, thersfore, the infestation had begun o
rogress, which process wvas assvciated with removal of debris
by macrophages toegether with sone resolution of pulmonary
tissue, but the hypertrophic smooth muscle persisted. Zhe
bronchial lysph-ncdes wore hyperplastie, the adrenal glands
depletod of lipdd in tho zona fasecieulats but olher organs
were not altered.

Haenatolegically, the total whito cell counts wewre

L5,000 and 29,500 cells per eu. am,, eosinophilic was 12,0
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and 20,0% and tho evrythroceyte sedimentation rates were
38 mm. ond 2 mn. per hour, for snimale sacrificed at 16
and 18 weeks, respecbively, Eranination of bone-pnaryow
rovealed a slight prolifeoratlion of eosinophilic cells.

A

A Twenty VWeelka afber Infection.

Morbid anatomy.

The lungs wero nore sevorely affected than in the
PrevIions case. ARl lobes were inveolved and axhihit@d
whitish lesions, of pin-head size, which were seattered
throughout the substance oy, in several places, had coalesced
toe form yellowish protvrusive noduies, sovepal millimetres in
diomoter {(Fig. 47, p. 157 }. The organ was distinctly firm
bo the toueh and, on seection, the marvkedly enlarged
bronchial lymph-noedes appeared whitish and honogencous.

Home of the other organs was visibly altered.

Higtopathology .

Soveral stages of the discase were represented. In some
fairly lorge arcas, the only abnormality consisted of extreme
hypertrophy of the nuscle of the bronchieles and alveslar
duets (Fip. 48, p. 157 } together with some vessels that wore
surrounded by slight lymphoceytic reaction or were
characterized by proliferation of cadothelial cells

accompanied by infiliration of eosinophils.



Figure 47.

Figure 48.

Twenty weeka aiter infection. Observable
in the lung are a anumber of projecting,
yellowish foci, several milliﬁetrea in
diameter, as well as some smaller lesions
of pin-point size.,

Twenty wecks after infection. Hypertrophy

of the walls of the bronchioles and -alveola
ducts is very prominent. A comparatively

"

normal pulmonary artery may be noted towards

the left of the picturec.
Van Gieson. X138.

i
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Uther parts manifested invasion of a&#enli and septal
ﬁiséuaﬂ by lym@&aeytéa, eosinophils and macrophages,
whi@ﬁ types of cells dn still other parts, enveloped
degenerated ova along with occasional faprvae. The average
mailétnnlumen ratio of the pulmonary arterial branches was
'fauné to be 2.0694:1, a value indigative of the presence
of the medial lesion, but the latter was not universally
distributed throughont the arterial system. Swelling and
proliferation of endothelianl eells were more apparent in
the badly offected regions while degenerative changes of
the elastie laminae and slight inbtinal fibresis were
detectable in the altered arterics, Portions of adult
worns were present in the bronchicles and the alveolar
duets and hyperplastic changes were noted in the bronchial
1ymph»m@deﬂo

The total white cell connt was elevated (17,000 ecells
per cu. om.) as a resulié, mainly, of polymorphonuclear
lencocytosis although eosinophilia also obtained. The
erythroeyte sedimentation rate was within the norsal range
and preparations of bone-marrow presented a normal histo-
logical picture. Changes of pathological signilicance
were not found in an&on&h@v organ and the adrenal glands

carpried a full complement of lipoidal material.
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At Twenty-Twe and Twenty-Four Weeks after Infection

Morbid Anagtony.

Widespread throughout the lungs of both animals were
lesions, of almost idemtieal type, which were barely
perceptible and consisted of a number of punectiforn, anon-
clevated, whiﬁiéh follicles which rarely exceeded 1 mm, in
diameter. The brenchial lymphe-ncdes were only slightly

enlarged.

listopathology.

Focal hyﬁ@rtrayhy and hyperplasia of the medial coat
of the pulmonary arteries and gross hypevtrophy of the
musenlature of the bronchioles and alveclar ducts
constituted the main changes (Fig. 49, p.160 ). A few
slightly cellular fooli consisting mainly of lymphocytes
and eosinophils were cacountered in the lung tigsue and dn
the intima of some hypertrephied arteries occurred an
cosinophilic cell infiltration associated with swelling and
proliferation of the endothelial cells. In both animals,
periarterial lymphocytic hyperplasia and slight intimal
fibrosis were observable in the worse alfected vessels along
with fragmentation of the elastic laminae., In the case of
the cat killed at 24 weeks, incipient production of longe
itudinal musele, of intimal location, was perceptible.

fiva and lavrvae were conpletely absent and the only evidence



Figure 49,

Twenty-four weeks afier infection,
Muscular hypertrophy and hyperplasia
of the artery and ﬁyyertrophic changes
in the muscle of the bronchioles and
alvealar ducte are still notable.
Complete disnppearanae of the alaatia
laminae has also oecurred.

Lawson and Van Glesena X138.
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of paprasitic invelvement wasp the Yinding of portions of
adnlt worms in only three sections ont of almost 100
exanined.

Hlnematologically, the total white cell counts were
elevated but, despite a reduction in the number of tissue
eosinophils, eosinophilia still obtained. Flevation of
the evythrocyte sedimentation rate was slight in both
animals, Bone-narrow preparations were aormal in the case
of the ecat killed at 24 weeks but showed proliferation of
the eosinophilic cells in the iastance of the animal
sacrificed twe weeks earliier.

Pathological changes were not to be found in any other
organ of eithor animal,

Comprehensive exawmination of the six control kittens,
killed after 4, 8, 12, 16, 20 agud 24 weeks of observation,

Failed ¢o roveal any departure from aeormality.

d., Discussion.

Yo date there has not been published any deotailed
ageount of the pathogenesis of the disease induged by the
gat lungwornm budt a fow authors have deseribed, in general
terms, the alterations pertaining to the active form of the
diseasa, Hlowever, a description of the life-ayocle of the
parasite, and an acccunt of its pathegenie efiects have
been given by Hobmaier and lobmaicer (19352 and 1935b), by
Mackerras (1957) and by Blaisdell (1952).
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The eaperimental work peculiar to this thesig did
not elucidate the route of nigration of the pavasite from
the alimentary system to the Lungs. Lesions were not found
in the mouth, stopach, intestinal treact, trachea or in
gither the mesenteric or the bronchial lymphenodes. it
thot aspeet of the life-cycie is to bo precisely studied,
bayond doubt it must be undertaken within a few days aftew
iafection inm order that regard may be had to the hypothesis
of Dlaisdell (1952} namely, that spread takes place via the
lymphatic vessels after guick penebtration of thoe stomach
wall.

According to all the above anthors, young adult
parasitos are pwaduca@ in the ¢at lung in approximately
17 days and ova are secontily present by the 28th day, after
initial infection. Four o nine days later still; first-
stage larvae appear in the faeces. Those findings closely
agree with the results of the experimental work herein
described. The phase of active infestation is generally
accepted o ocenr from eight to thirteen weeks after infection.
Pherealter, larvae are seldos recoverabie from the {aeces
glithough Blaisdell (1952) reported such a findiag for a
period ap o two years. Moreover, during the course of
an experimental infection, MacKerras (1957) obtained larvae
seven months after paﬁenay.

in the present experiment, it was found that the most

active phase of the disease occurvred at six to twelve woeks
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after infoection and that two weeks later the number of
fipgt-stage larvae was considerably reduced. Thereafoer,
rogressive changes onsued so that by six moaths from initial
infestation ppactically all sipgns of the presence of the
parasite had disappeared and only the bypovérophy of tho
fatalay M ﬁmﬁelﬁ of the arteries, bronchicles and alveolar
duets porsiated. Adchough increasingly diffienis to
demonstrate, aduld worms {(the fewmales free of ogas) were
gneounvered in respiratory tissue for up to 24 weelts aftor
infection, o ds 86111 usknown how lomg the parasite may
survive in the lung and 1t also remains to be determined
whethor, or not, re-activation of thoe disease is possible,
as has buen suggeshed by Blaisdell (2052).

A8 desoribed in Part J of this thosis, the elinieal
dicease aoted by meost anthors took the form of a mild
rospivatory infection associsted, in a minority of cases,
wivth a fatal issue as o resuld eicher of heavy infestation
o the condition of health of the animal or a ﬁﬁmhimé&&@%
of bhoth those Tactors. That general opinion teuds to be
confirned by the experimental climical findings eariier
deseribed.

Although 1t is dangerous to deduce oo much fron
isolated blood examinations,; haematological fimdiags weve
imstructive inaseueh as a downward trend in the total whilte
eell counts, duc mainly o poelymorphonneleayr leucopenia,

coneurrad with the most acbive phase of the disvaso.
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Regression of the parasitiec lesions was accompanied by a
leuncocytosis, Bosinophilia prevailed throughout the course
off the infeetion and was especially marked at the time of
the leucopenia when it reanhed 8 peak value of 27.0% during
the tenth week and did not £fall below 10,0 until the
twentieth week of the disease. Irfan (1961) has suggested
that a high aasiéaphil eonnt (up to 1000 cells per cu. mm,)
iz nermal for the cat but personal obseprvations inform that
such a fipuro is too high. Even 8o, the numbera found
during the current experiment wvere generally in excess of
the above value.

Archer (1963), in a discursive explication of
goginephilia, implied that the comiition was probably more
commonly asmoeciated with parasitism than it was with any
other clinical entity and that the actumulation of
ecominophils in tissnes invaded by parasiles was usually
steriking, He suggested that the mechanism of eosinophlilia
was attpributable to several factors; probably the most
important of which was the release of histamine arising fronm
damage coused by the parasites or as & result of an antigen-
antibody reaction where the parasites were antigenic to
the particular host, As such injury was usually prolonged,
it was likely to exert an eosinotactic effect upon the blood
for an extended period and to stinmulate the preduction of

acsinophils by the bhone-marrow. The author concluded by
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emphasizing thot the cosinephils function primarily in
Lissues and n@t:imzthm cireulating blood. Such an
explanation of ecesinophilia in relation to lungwornm disoase
of the cat is both reasonable and asoceptable,

Local tlssue-damagoe with conseguent dogranulation of
the mast-cells and release of thelr contained histomine is
known te cause a@éiﬂﬂ@hilg to colleet in the injured ares

(Sheldon and Bauner, 31960). Moreover, Welsh and Greor (19059)
found that mastecell granules are phagooeytosed by
eosinephils, which cbservations tend to suggest that a close
functional relationship may exist between the two types of
cell. However, staining by Gomori's aldeohyde-fuchsin and
by the periodic acid-Schiff methods failed to rﬁveél any
evidence of concentration of mast-cells in parasitized tissue
that was massively invaded by eosinephll leucocytes.

he sedinentation rate of erythrocytes is dependent,
partly, upon the propensity of those cells to form roulesuxn
and, partly, upon the number of red cells per unit volume
of bleood tegether with certain plasma factors, the most
important of whieh is the concentvation of fibrinogen and
globulin, Xa the course of diverse diseases, agglutination
of erybhroeytes may ocour to a dogree that is usually
gonnensurate with the severity of the morbid nrocess.

By reason of insufficient available hknowledgze, Schalm
{1901} did not vecord values for the erythrocyto sedimente

ation rate pertaining ta the feline species but did suggest
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th&ﬁ the figure was likely to approach that whieh had been
fortheonming For the dog. Personal obsorvations, howeover,
indicate that normal for the cat is a sedimontation rato of
I te § mms por hour 50 that the data registered in Table 32
(p{léz} may be regerded as distinotly abnormal since the
values range from 20 mm. por bour at twé woeks Lo as ouch
as 40 mm. por. bour at 10 veeks, after infection.

Xt may be @xpént@ﬂ that the lesions arising from
infostation by Aclurostvonsylne abstrusus would beeome more
sovere as the production of eggs and larvae progressed,

At two weeks after infection, only young adults wevre found
to be present in the lango and the associated cellular
reaction was bhoth inconspicuous and unmarked by the
formation of glant-cells. In conbpaet, by the ead of the
fourth, sixth, eighth and tenth weeks of the cxpcriment, the
lesions had not only begone nore oxtensive but the cellular
rosponge was also é@re‘pr@n@anced and attended by nunorous
giant-cells while ccalescence of some foel had occurred:te
produce fairly prominent nedules. nlargement of the
w?én@hial lymphenodesn, slight at the cleose of the second
weelk of infection; wae considerable by the end of the ﬁanﬁh
weok but deslined stveadily from the twelfih week until the
ond of the expeorimental period. Prdor to the teath wesk,
lesions appeared to extend, but by the oend of the twolfth
week thoy had contracted and were then found to contain the

romnants of parasibtes surrounded by demse ascoummlations of



colls while the neerctic areas, oo, woere markedly reduced
in extont, Over the noxt 12 weeks, gradual rocossion of

the eelinlar regotion together with removal of parasitic
detritns took place. fuite the most striking menifesie
ationg of the condition were the cosinophilia, as elready
deseribed, together with the bhypertrophic changes encountered
in the mascle of the bronchioles and alveclar duets aad the
thickening of the arterial walls, Alterpation of the susele
of the bronchioles and alveolar ducts was discernable at the
earllest recorded stage of the disease but was not whelly
limited to the sites of perasitic aetivity. Puring the
courss of the disoase the mascular hypertrophy incressed
am@; indeod, had not diminisbed at the end of the six months
periocd of the expovrimoent,

By the second week of infection, the media of the
muscunlar pulmonary arteries had awdergone hypeprtrophice
change consisting af sinple ﬂmlarg@meﬂt of the myofibeils
and,; btwo weaks lator, was of similar degreo of severity.

By the ead of the sixth week after infm@tibmg axaggeration
of the hypertrephic process together with hyperplasia of
suscle ensucd to persist until the ¢lose of the experimental
- pordoed, The arterial thiekending, vhich was not present in
all the musonlar arteries of the lung, was fodely
synnotrical and was digtributed along the length of ithe
v&@@els;whi@h latter beocame increasingly textucus as tho

loesion progressed. Degencrative changes of the clastic



laminae attended the incrcase in thicknoss of the medial
goat of the arteries and slight dovelopment of lomngitudinal
masele ocourred in only three animals.

Hot ot any stage of the condition was any Fform of thoe
parasite to De secen intravascelarly but adult worms were
found in terainal brounchioles, in alveolar ducts or within
alveoli while ove and larvae were encountered in the bronchi
an well, Sush ohservabtions are in agrecmnont with those of
Hobmaier and Hobmaier (1935a and 1938b), dervichter (1949),
Blaisdell {(1952) and MacKerras (1957} but are in confliict
with the opimion expressed by Cameron (1020), nanely, that
vhe parasites lived in thé pulmonary arteries.

Peficiency of lipid in the zona fascloulata of the

adrenal glands is uwsually assecociated with a2 state of stress
and is a not unexpocted finding in view of the fact that
resolution of the gland was noted only din the case of the
last three exporimeantal amimals.

The data recorded in Table 33 (p. 163) serves to show
that the mean wall-to-lumen ratios of the renal and
nyocardial arteries fall within the normal range, which
Eiﬂdiﬁg implies the abscenee of generalised hypertensive
chianga,

"I the esperimentally produced lungworm disease be
compared with the recorded spontancouns comdition, in genﬁéal,
the two aro quite sinilar. At least one spontanoous case

proved fatal and others may bave been wmore heavily infested
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than vere the experimental animals, in which ovent the few
minor differences between the two groups are explicable.
The spentancous disease was characterized by more sarked
proliferation of bronchial and bronchiolar epithelium and
by greater enlargement of the peribronchial glands as well
as by the ceccurrence of s larger number of ova and law§ae
within the bronechi. In reospeet of the vascular lesions,
intinal fibrosis as well as sub-endothelial vacuolation and
the development of leongitudinal puscle were less evident in
the experimental group. Otherwise, the patheologioal
monifestations were similar,

¥ot without value is the gradimg ntilized im Part 3 of
this thosis, whereby the severity of the lungworm condition
was related to the degree of arteriasl medial hypertrephy.
Lo the experimentally produced disease, progreossive arterial
thickening was recorded up Lo the temth week after infestation
and, if that aspect of the morbid process bo considered in
conjunction with other factors, sueh as the presence of eggs,
larvae or ddult worms, then it becomes possible theveby to
approximately assess the time that bas elapsed since

infestation.

e, Conelusion,

The experimental evidence offered, leads to the
conslusion that hypertrophy and hyperplasia of the musenlar

pulnonary arteries attended by other changea similar to
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those seen in association with spontaneous lungworm
disease of the cat are artificially reproducible in

gonsequence of infestation by Aelurostrongylus abstrusuvs.
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D, EXPERIMENTAL VASQMOLOR SRINULAYION,

i, THE PRODUCTION OF PULMONARY ARTERIAL LBSIONS
BY THE USE OF METRAZOL,

s, N Roview of the Literatuye.

Metrazol is 1:5 pentamethylene~tetrazol and acis on
the medulla chlengata. It is an analeptic, that is, it is
invigorating and restorative. It stimulates the respir-
atory and vasomotor centres of the brain and thereby produces
eifects on the peripheral circulation and respiration.
Metrazol has been used as o respiratory and circulatory
stimulant, fox instance, to antagonize the corebrally-
depressive effects of poisoning by hypnotie drugs and also
to produce convulsions ﬁuringAtha treatment of some mental
disorders. in human patients, muscular paroxysms are
fortheoming within JU seconds after intravenous adminise
tration and last for about 1 minutes before they are
follewed by amnesia (Clark, 1955).

Bichler and Hildebrandt (1920) observed that, when
metrazol was injected into dogs in a dose of 10 to 20
milligrames per kilogramme of body weight, it caused a
decrease in the volume of the intestine, kidney and limb
accompanied by a rise of blood pressure. Contrarious
results were reported by Camp (1928).

Haury and Gruber (1939}, in spinal as well as
anaesthetized dogs and cats, experienced a dual respgonse to

the drug in so far as swmall doses (5§ o 10 mg. per kg.)



profuced an inerease in visceral volume with simnitaneous
£all of bleod pressure wheress larger doses {20 mg. per kg.),
after a sindlar inftial effect, caused rise of blood preasare
together with splanchnic centeracitlon. The resulds of
adrninistration of larpge doseos to spinal and decerebrate
animals indicated that the site of action of the drag was
the medulla oblongata.

Yoodbury et al. (1941), in an investigation of the effect
of metrazol on the blood pressure of man and the deog, found
a pronounced variation to exist bebtween tho two species.
In the human eing, the drug stinulabted the parasympathetic
and pympathetic nervonus systems with resulting increase of
hlood pressure in which vasoconsirichtion played only a nminor
@ﬁleo In ¢he dog, on the other hand, the drug produceld
considerable and preolonged elevation cfarterial pessur e in
eonsequence of vasoconstriction bthat but slightly involved
the suinonary vascular system.

Heumann et al. (1942) employed metrazol to produce
convulsions in cats, for which purpose the tobal amount
given over a veriod of 2 to 29 days lay between §13 and
3,200 mg. administered thrice weekly. The main pathological
findings were vasonlar congestion and stasis of the abdominal
and thoracic viscera togebher with potechial haemafrhageg
into the lungs, nyocardiun and hidnoys and, in some tases,
glonerulo-nephritis and focal round-sell infiltration of

the liver, Focal ecaleification of the adrenal glonds was
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noted in one aninal and was attended by endartoritis,
fibroasis and retiolo-endothelial hyperplasia of t he spleen,
There wveove soveral coses of pulmonary endarteritis, of which
am&xplana&imm was not found,

“ell et al. (1956}, pursuing a finding incidental te a
previous experiment, eonjeotured that chronic corvebellar
sblmulation had an influnence upon the pulmonary vasculature.
They considered that sponbtaneous pulmonary arterial hyper-
trophy of the cat was nare, bub found that stimulation of
the vasemotor @@ntremrnf the brain by use of nmebrazol
vresulted in an arterdol lesieon of similar kind in alnmost
eiphty pey cent of nidngteen cats se treated. Dosage varied
from 1§ to 30 mg,., aduninistered twice or foupr times per day,
but tho duration of ﬂ;eatment of those animals was not stated.

Beveral articles concerning the effects of metrazel on
the central mervous system of various animal species have
besn published, thust in the dog, by Shemono and Nickerson
{1959) and by Bircher {(12063); in rats, by Monax ond
Staveaky {(1962); in the case of isclated cardiac muscle of
the cat, by Covino and Gillen (1962) and, in relation to
arteriosclerosis of man, by Rass and Brown (1959) . However,
search of the biterature hos failed to revesl any
corprohorative evidence of the offects of the drug on the
pulmonary avteries of the sat,

The purpose of the folloving cxperiment was to determine

whether, or not, lesions described by Neuwann et.nl. {(1942)
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and by Eell et ai. (1958) were to be vreproduced in response

to adninistration of metragol.

b, Materials and Methods.

Twelve kittens, weanced in the animal house and eight to
ten weeks old at the beginning of the experiment, were used
for the investigation., {n average, the animals weighed
600 gm., and woere injected four times per day with a 16,08
solution of metrazol, each doos of whick contained 20 mg.
of the drug, an amount that was barely subeconvalsive siuce
a few paroxysms developed in several animals, In numbers
of 3, 3, 2, 2 and 2, from one to five weeks, respoctively,
after administration, the experimental cats were sacrificed
at which times also, for purposes of control, a kitten of
the same age and weight was killed, A% post-morten
exanmination, portions of lung, heart, liver, spleen and
lymph-nodes, gastro-intestinal tract; advenals, pituitary,
thyroid, kidney and brain woere taken for histological
examination, by means of paraffin-wax sections stained by
haematoxylin and eosin,

The walleto=lumen ratios of the pulmonary, renal and
myocardial arteries weore appraised by the procedures that

have been already deseribed.
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¢. Results of the Administration of the Drug.

Table 34 {p.178 } shows the number, and the duration
of the period, of injections as well as the total amount of
the diug adhinisteveﬂ to each animal.

Clinieal signs were non~existent except for mild
incoordination that ensued imuediately after injection and
disappeared within about 15 minutes. ihe animals remained
healthy, were lively and goed appetite was maintained

throughout the experiment.

Morbid Anatony.

Pathological lesions were not appreciable at pest-morten

oxamnination.

fistopathology.

Yable 3§ (p. 179 } proffers tho wallwt@—lum@h ratios
obtained for the arteries of the luangs, myvocardivm and
kidnoys, which values denote that the medial structure of
those vessels did not undergo alteration. Histopathological
change ln other organs of ¢t he body was completely
indiscernible at all stages of obsepvation,

In the five control kittesns abnormality was not detooted.
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VARES 88,
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d. Disenssion.

Tho total daily dose of metrazol given to sach
animal was 30 mg. and, even a slight execss of that amount
was sufficient o causo convalsions in most of the kittens.
It was grosumed that, as a result of the injection routine,
the vasomoter centres of the medullsa oblongata were main-
tained in g fairly constant state of stimulation and that
some bodily changes should develop within the period of the
experiment., - However, the pulmonary arteries were found
not to display any evidence of the pusceular hypertrophy and
hyperplasia os of the intimal proliferation described by
Neumann gt al. (1942) and Hell gt al. (1956).

£f the post-norten findings catalegued in the report
of Neumann et pil. {(1942) be asnalyzed, the ocecurrence of
gi@mévula—naphﬁitiﬁ together with advrenal caleification and
foeal infiltration of the liver,in some animals, at once
leads to conjecture relative to the age and the state of
health of the experimental subjeets, Personal experience,
supported by the work of Howell and Pickerdang (1964}, has
revealed that adrenal caleification is to be seen maionly in
older anlmals and that nephritis tends to ocour in adulis.
in addition, the pulmonary arterial lesions were not specific
for the animals treated with actrazol bulb were reported to
occur in control and iasulin-treated catsg it mseems
probable, btherefore;, that Heumann g& al. (1942) had made use

of unselected animals some of which were affected by
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pre-existing palmonary arterial lesions that were not
cansed by the dmg.

Kell gt al. (1930) injected metrazel into 19 cats.
ang oFf Ghen 1§ doveloped lesions of the pulmonary arteries.
Elevon animals were elther slightly or not at all affected,
although the authors did not divulge the criteria by which
they judged the changes to be slight, and enly in the
vemaining elghi ¢ats did the lesions appear to be of
sederate or proaounced kind. Sueh a proportion of afflicted
animale would approximate thoe number which might be exnpected
to suffer from the spontaneous condition if the casow
incidence of 36.07 given by Serateherd and Weight (1961},
and 34.7% vecorded earlier in this thesis, are applicable.

The published descerdiption of the arterial lesions
furnished by Newmann gt al. (1942) and by Kell et al. (1950)
is remaprkably similar to that recorded previonsly in this
work in the experimental lungworm infestation. The latter
information, therefore, strongly suggests that bolh groups
of authors worked with cats which had been in comtact with

Aclurostrongyins abstrusus.

e. Conclusion.

Fulmonary arterial lesions, similar to Ghose
deseribed by other authors as a result of the administration
of the vasomotor stimulant, metrazol, were not produced im
lt-wocks-cld kittens despite comparable dosage of tho drug

and corresponding duration of treatment.
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G. FINAL RISCUESION,

The wrk pertéininy te this thesis has established
that a e@nﬁition wf hypertraphy and hyperplasia of the media

of the @ulmenary arteries of the cat, in the maioraty of

> -/-

caAses assoaaahed with hypertrnphy of bhe musculature of the
bwwmchiales and alveﬂlar duets, occurred spontansously in
34;?% of 256 cats. It has been demonstrated, too, that
liﬁtle é@rrelatinn obtained with age, sex or marbi& processes
@tﬁef than infestation by the lungwora Aglurostrongylus
‘abwgrgggg and that all animals so afflicted were found to
exhibit arterial lesions.

| Although lungworm disease occurred in an appreciable
percentage of the 89 animals that displayed the arteriopathy,
slightly more than half (53.9%) of the total number of cases
waé not associsted with disease of any kind. fiowever,
comparison of the arterial lesgions encountered in the animals
of Groups 1, 2 and 3 (iﬁﬁ' cats infactgﬁ with lungworn, those
affected by pulmanary‘értérial disecase along and those
suffering from a variety of diseases in addition to
pulmonary arterial alterations, respectively) revealed a
similapity which lé¢d to the conclusion that a common
pathogenesis was more than probable.

Experimental work consisted of attempts to reproduce

the characteristic arteprial lesion, firstly, by artificial

infestation of young kittens with lungworms and, secondly,
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by stimulation of the vasomotor centres of the brain by
means of a particular deag. The result of those exorcises
have beon wrecvorded and discussed and, in samuary, it may be
said that (a) the vasomotor stimulation failed o cause any
change ia the pulmonary arteries and (b} the diseaso induced
by Aelupestrongyiug abstpusye was attended by lesions‘
ddentical with the spontanecusly occoenrring arterial
aiﬁar&ﬁiﬂns.

It has been previously remarkaé that some davestigotors
of natural erterial disease of the cat failed to observe any
sign of pavaaiti&m despite exanination of an appreciable
nunber of andmale, e.g. Marcato {1946) investigated 30 cats,
Cleott eb. al. (1940) oxplored more than 150 and Scratcherd
and Welght (1961) examinaed 111, Sueh results tond to
suggest that the animals concerned carpicd only a light
hurden of parasites or were in convalescence or had actually
regovered from the infestation. The oxperimental results of
the present investigation revealed that, by six wmonths after
infegtation, little evidenece of the preseace of pavasites
was o be found unless oxamination was made of serial seections
obtained from many portions of lung tissue.

Contemplation of the descriptions,; photographic as well
as printed, provided by the articles of Campbell (1927),
Ghtinger (1932), Rubarth {(1040), Marcate (1940), Neumamel
al. {(1942), Vleott et al. {1946), Kell et al. (2950),
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Martin (1959), bDahme (1060} and Seratcherd and Wright (1961)
leads to the gonclusion that all those reports related to

a lato stage of the lungworm disease, The supreme
impertance of an awareness to the spontansous existence of
the arterial condition becomes evidend when tho articles of
Noumann ob al. (1942), and cspecially of Rell et al. (1956},
are considered. The latter anthors attributed the vascular
oghanges o the effect of the vase-wtinulant cmployed whereas,
almost certainly, the lesions were already in belng.
Therefore, when ¢ats are used for experimental investigation,
espocially that of cavdio-pulmonery application, it is
eosantial Ghat ¢ hey be eonprised only of animals which have
been boran, or at anyrate weaned, on tho prenises if
insignificant results are to be obviated,

The considepable ineidence of the spontancous econdition
in cats indicates a high rate of iafestabticn and of recovery,
both of which acgord with the mildness of the clinieal
dlseaso.

The iatimal fibrosis, vhich fipuresn prominently im the
reporte of several anthors and was also encountered to
marked degres in a few spontaneous cases recorded in Part 3
of this thesis, is probably explicable on the groundes of age
and the severity of the lesieon since tho mere prolonged the
injury, t he grestor is the likelihood of the production of

Pibrous tissue.
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If 4v is aceepleod that Aungworm ianfestation is
responsible for Lhe arterlal lesions in the cat, the
problem of ﬁa&hag@nésia renpins, Xt is generally ageeoed
that, neoplasia apart, excess of musecle tissue is an
expreasion of increased muscular lead and that arterial
medial hyperteophy ig the pesult; peather than the cause,
of arterial constriction. Thues, sedial hypertrophy implies
an active conbtraction occursing interaittently &r‘e@ntiﬂw
uonaly over a prolenged period {(Harris, 1985). The neve
prosonce of an excess of nuscle, however, is not constrictive
but 1t ds also true that the thicker the muaﬁl@.%he HOre
strongly soos it contract when stimulated,

Aceording toe Havris and Heath (1062}, the vausation
off msenilayr hypertrophy may be neural op humoral or nyogenie
in origin although the euthorzs were inclined to disregard
vhie firat two on o basie of lack of sufficient proef.

The myogenic theory postulates that, in the majority of
individuals affected by pulnonary hypercension, the eriginel
caunse is likely to produece a slight sise of pulmonary
arterial pressure as a vosult of either reflux transmission
or increased Flow of bleod thyough the lungs. The inidtial
vise may not cccur during rest and becomes approciable only
under conditions of otress whoreby small, and probably
trancient, increase of pulmosary erterial pressure leads Lo
distonsion and to constriction of the medial muscles At

first, the contraction is weak because the anount of medial
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musclie is small 5ut frequent o continued sipricture caouses
the muscle to hypertrophy. in turn, enhanced counstrdctive
power tends to exaggerate an originally insignificant
function whereby the pulmonary arterial prossure is raised
and a vieious cyele of hygerﬁanmian and constriction is so
induced. The production of longitudinal puecle seen im a
nuaber of andw als Las been conmentod upon in Part 3 and wos
considered to be part of a process of vascular réapona@ to
elevated pulmonary pressure.

In the human being, the development of pulmonary
hypertension is accompanied by intramural increase in the
anount of elastic tissue and the establishment of intimal,
and eventually medial, fibrosis, all of which are manifest-
ations of prolonged injury.

Aviado {1960), in an anslytical review of the literature
pertaining to the effects of anoxia upon the mammalian
pulmonary circulation, reported the finding of substantial
agreement with the view that anoxia caused constriction of
the pulmonary vessels. That effect appears to result from
exoltation of the chemo-peceptive sortic and carotid bodies
with subsequent sympathicotonia.

Naeye and Bickerton (1959), in a study of pulmonary
hypertension among healthy human beinge at high altitudes,
considered the arterial change to be an adaptive fornm of
hypertrophy that resulted from increased vasotonus due to

chironic anoxla. Naeya alzo maintained that the arterial
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changes, encountered in human beingssuifering from.chronie
hyposim as a result of damage to the respiratory centre
{1961b) or of kyphoscoliosis (1961¢) and in rats kept in an
hypoxic eavironment (1959), were the consequence of the same
event vather than a sequal of inoreased pulnponary pressure.

Alexander and Jensen {1963}, in relation to Righ
Mountain disease in cattle; considered the medial hyper-
trophie changes to have arisen from hypoxia leading o
vasooonstriction. Further hypertrophy was atiributed to
& rise of intravascular pressure associated with hypertension,
which view seems to combinoe the theories advanced by Harris
and Heath (1962) and by Naeye and Bickerton (1959).

How far those hypotheses are applicable to the cat is
debatable and the first problem to be met involves the
extent to which the lesion is distributed in the arteries
of the lungs. In the papers cited above, the pathological
conditions productive of pulmonary hypertension, e.g. mitral
stenosis and septal defects, are located outside the lungs
and 80 are likely to affect all the pulmonary arteries to
gindlar degree whereby a diffuse alteration is liable teo
éﬂsueq Albbhough they were somotimes to be found widely
diffused in parts of the lungs, the Llesions in the cal were
decidedly focal in characher and involved branches of the
pulmonary artery. In the majority of casee, too, arteries
of normal size were always present, sometimes, in the same

opr different sections of the lungs ond, at other times, in
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different lobes, In consequence the myogenic theory
propounded by Harris and Heath (1962) does not appeapr to
be entirely applicable to the causation of the pulnonary
arterial lesions of the eat,

Rosenberg ot al. (1963), disecussing pulmonary arteries
in which the blood-flow was accelerated, declapred that
hypertrophic changoes involved only the number of vossels
necossary to mailntain homeostasis and that the arteries did
1ot chey the %Yall or nobthing' law. Unfortunately, it was
not méde altogether c¢leay whother a similar finding applied
o a gronp of patients in whom deoreased flow of bleod was
aspocdabed with elevated pulmonary pressure and the production
of intimal lesions. Wore that s0, it would afford a logical
oxplanation of the artorial changes noted in the cat, if only
to the extent that a small increase of pulmonary prossure,
initially due to the ?vnﬂenc@ of fourth-stage larvae, may lead
to adépﬁive madial hypertroﬁhy in a mumber of arteries, with,
somatimes further progression as visuwalized by Hareis and
Heath (1962}.

Tho theory that hypoxia stimuletea the vasomotor
centree and induces vasoconstriction suffers from the same
defect as does the myogenic hypothesis, namely, that the
direoct couse of the reduced tension of oxygen is of extras
puléanary location and so is likely te produce diffuse
changes in the vasenlature of the lungs. Furthormore, the

experiment desecribed in an earlier part of this thesis
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showed that inoreased vasomotor stimulation, per se, does
not resuld in pulmnonary arterial hypertrophy of the cat

50 that it is debatoble, iadeed, thet stinulation arising
fyon hypoxia serves to produce grtepial lesions. it is
also unlikely that hypoxiae in a part of the lung substance,
whore dense cellular infilération and massive parasitie
invasion obtain, would lcad to fecal hypewntyophic change
of the arteries.

The theory advanced by Seratcherd and Weight (31961}
to the eoffeot that the artorial changes arose as a result
of thrombo-embolism bas earlier been rejected since it did
not seem to offer a sultable explanation for the condition,
The findings of the expoerimental lungworm infestation nobt in
any way alters that degision.

It would be convenient to accept Camoronts view (1929),
namely, that adult worms located dn tho pulmonary artorial
gystem cause local irritation and probably also give prise
to partial blockage of the Veésalso However, there has not
beon any confirmation of that theory and, indeed, tho
evidence furnished by all othenr workers in the field has
been to the contrary.

Blaisdell (1952) suggested that, at @momo stage of itse
development, the @araSiteAmay produce a substance capable
of stinulating smooth muscle. As hypertropny of the muscle
of the bronchioles snd the alveolar ducts ag well as the

arberial nuscle was observable within two weeks of
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infestation, when only fourthesbage larvae or young adults
wapre present, those ave the forms of the parasite most
likely to have elaborated such a substance. The idea is
atbtractive, especially, in application te the muscle of

the bronchiocles and alveclar ducts in which diffuse change
oceurrad early and continued until the end of the disorder,
Blaisdell's theory is less acceptable, howeves, in reference
to arterial susele in which the alteration was progressive
and of a fooal nature.

Metazoan parasibes nay produce histamine (Arch@v, 1963)
but that substanee has nolt been denonstrated to cause
alteration of pulmonary pressure (larvis and Heath, 1962).
Serotonin is a potent vascconstrictor thet is cleosely allied
to histamine bud, although it has becn claimed o cauce
pulmonary arterial lesions in rabbivs {(Almed and Haryison,
1964 and Rossi and Zawboni, 1953), it has not boen found by
the author of this thesis to be similarly active in the cat.

The explanation of the characteristic pulaonary
erterial lesion of the cat is not easy. Indubitably,
ogelusion of artericles together with disorganisation and
even obliteration of areas of the eapillary bed,caused by
the parasite and ¢ he consequent cellular reaction, results
in increased resistance to flow eof blood im the muscularp
artories of the affected regions. Comstriction of the
arterial ayofibrils over a period of time is likely to

ogcasion hypertrophic changes in the medis of thie vessels
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which leads to increase in the intramural pressure.

That, in tura, stimadates the production of longitudinal
smscle, dntismal fibrosis and endothelial proliferation,

It is noteoworthy, however, that the later stages of hyper-
tengive vascular discase;, go conmonly seen in man, do not
occur in the pulnonary artordies of the cat becouse of the
survival of normgl arteries, even, in the most sevorely
affected lungs. That othor factors; such as bypoxia op

the produgtion of toxic subsbtances by the parasite, nay

alse be invelved in the actioclogy of the feline artepial
léséﬁns iz Andisputable but adequate proof of their
participation bas not yet been fortheoming.

\ Whatever explaonation for the development of the
arberial changes proves acceptable, the single outstanding
fact revealed by the ianvestigations reported in thls thesis,
is that Aelureostrongvius phstrpspe - the lungworm of the

cat ~ ie a most important, if not the mole, agent responsible
for the indtiation of the condition of hypertrophy and hyper-
plasia so conmonly cencountered in the nuscular pulmonary

arteries of the cat.



B, FINAL CONCLUSION,

HBypertrophy and hyperplasia of the pulmonapy
arterial nedia has been established to obtain commonly iﬁ
the cat and its oTCurrence is independent of either age
or sex but it is associated with lungworm disease. The
author claims to have correlated, for the Tirst time by
focts rather than by inpressions, the spontancously
oecurring condition with parasitic infestation mt
acknowledges that many facets of the disease still await
elugidation, Thus, it is essential to dinvestigato the
oavly migration of third-stage larvae together with the
immuenologival responses of infested animals as well as the
pathogeonosis of the arterial lesions and the eoffacts of
the discase on the pulmonary and Syatemic blecod pressures,.
Decause of technieal difficulties, much of that work has
not. yvot been attempted and it is hoped still to advance
the state of knowledge of this important parasitic

condition of the ont.
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