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A STUDY OF DISEASES OF THE SKIN O DOMESTIC ANIEALS
by
Hugh B. McCusker, MsR.C.V.S.
A summary of a thesis submitted for the degree of Doctor
of Philosophy in the University of Glasgow, September, 1966.

Section I A study of the histology and histochemistry of skin samples
from sixteen body areas of the cat gave results which in general were in
agreement with those of previous workers. However, phospholipids were not
detected in the sebaceous glands of the cat and cholesterol was absent from
the epidermis. In addition, contrary to previous reports, the guard hair
wes found to erupt from the epidermis through a single opening. The
atructure ond staining affinities of the sweat glands conformed closely to
thet described by Montagna (1962) and Munger (1962).

An investigation of the histaminee-mast cell content of feline skin
showed that the mest cells were numerous in the upper part of the dermis
and that there was an associated high level of histamine in the tissue.

The histamine-mast cell values were similer to those of Riley (1959).
The steining characteristics of the mast cell in the cat differed from
those of the dog in that adult cells of this type were PASepositive and
metachromatic when steined by toluidine blue., In contrast, canine mast
cells were PABe-negative and metachromatic with toluldine blue. The

results of differential stalning of mest=-cell granmules by other techniques
is included in the text.



ProQuest Number: 10646876

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10646876

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



-lw

In the third part of this éection the response of normal skin and ite
histemine~mast cell component to parenteral administration of corticosteroids
was étudied. It was found that administration of cortisone aceotate pro-
ducoed ecasily recognised changes in the epithelial components viz. thinning
of tho epidermis end atrophy of the sweat and sebaceous glands. In addition
a fow most cello showed evidence of degranmulation and vacuolation of the
oytoplasm but thera was no significant change in histamine-mast cell values
botween treated and control animals.  However, adminiatratién of betae-
nethasone over a period of fourteen days at a rate of 3 mg. daily ceused
more severe degranulation and vacuolation of the mast cells and a significent

foll in the histamine content of the skin.

Seotion IX In this section miliaryleozema. a common skin condition of
cata, was describeds The setiology of the diseape is obscure and in a
sevies of £ifty oatu no precise correlation could be made betwoen the
incidence of the disease, the sex of the animal and the presence or absence
of cctoparasites. Vosiculation was not a feature of eozema in the cat ap
it is in man. The predominant changes on histological examination in the
acute phase were fibrinous exudetion, » heavy neutrophil infiltration and
ulcoration ond erosion of the epidermis. Intercellular oedema end thickene
ing of the epidermis were also present. In the dermis there was separation
of ocollegen fibreo by oedemetous fluid and a perivasculer mononueloar
reaction.

In chronic eczema the main changes in the epidermis were acanthosis and

pavekeratosis.
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The mast cell populetion of the upper dermis at this stage was markedly
increased and there was a four-fold rise in skin-histamine values.

The effect of betamethasone therapy on miliary eczema was dinvestigated.
While a pronounced clinicel improvement was noted in nine of ten animals
there was no appreoiable aelteration in the manst cell population of the skine
A deorecese in the amount of higtamine in the skin of the cats in the group

did ocour but was of doubtful significance.

Section IIT A series of experiments was carried out in order to study
the precipitin response of cats immunized by various methods with bovine
serum albumin, bovine gamma globulin and heterologous sera. Proce&uros
uged included antigen elimination, immunodiffusion, immunoelecirophoresis
ond quentitetive precipitation. The half-lives of I '-nsA and T%3l-nge
in the cat were 3.8 and 2.8 days vespectively. The precipitin response
t0 bovine serum albumin was only feeble while that to bovine gemma globulin,
although stronger, was directed only to a minor @ =globulin component of
the preparetions The general characteristics of the quantitative precipitin
reaction between hovine (3 -globulin and specific cat antiserum were similar
to previously described systeme but cat antiserum apparently containo sone
non=precipitating antibody.

Cutaneous hypersensitivity to bovine serum proteins wes elicited in
the cat by appropriste immunization procedures. In time couree and histoe
logical features the reactions took the form of either local cutaneous
anaphylexis or an Arthus reactions The best results were obtained by the

uge of bovine normal serum and bovine gemms globulin as antigens while the
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results were negative with bovine verum albumin,.

Pasaive cuboneous anaphylaxis renotions were demonstrated in tho guinea-
pig using oot antisern to bovine normal serum and bovine pamme globulin but
in normel cate only with antiserun to bovine gamma globulin could asnsitivity
he transferred.

Goneral onaphylaxis was produced in two eata in response to bovine serum
proteineg the main olindenl featurea of which wore severe respiratory
emborpassment and genersl collapsae. Pulmonary emphycema, haemorrheps and
oedema wara the principal poatemortem findingsj histologliosl examination
vhowed the ortericles to be packed with leucooytes and the lung tiscue to
be dovoid of mast ¢elle. These obzorvablons suggest that the lung is the

"ghook orgox' in the oat.
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INEROVIICTION

One of the commonest problems current in veterincxy practice is
that of the animal afflicted by a disense of the skine. Hony of those
conditions respond well to chemotherapy, for instance, demodectic
nange in the dog mey be cured by applicotion of Trolene to affected
apans, sarvcoptic mange in the pig, cst, and dog yilelds to thexupy
with gammexane and 4dn recont yoars ringworm in smell snimals hes been
found to he ourable by the parontoral administration of eriseofulvin
(O'Sullivan, 1961). Howevor, there remsin a hard core of skin
diseases whioh resint treciment and in this group the eozemas are
probebly those which are most pexplexing to both the weterinary
surgeon and the owners In this thesis, attention has bean cone
asentrated on one condition, viz., miliory eémma of the oat, a
dipenne which is of particular imﬁertame in smali-animal practices

At the start of this study it was found thal the amount of
information 611 the response of foline skin to injurions stimull was
extremely sporse as wos aloo bosic knowledge on the struecture of
noemal skin in thet animales Thus, 1t was considered necessory
initieldly to investigote the integument of the normal eat end then
to moke use of the information so obtoined es o basis for comparison
with the changes encocuntered in both naturslly-ocourring and

exporinentally-produced laasions,
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Turthermore, since many skin diseases in man arve accompanied by
an increased dermal mast cell population and raised histamine content
these factors have been studied in both normal and eczematous cat
skin. Corticosteroids have been found of value in the treatment of
eozoms in the humen and in dogs and cats. However, as little is
known of the mode of action of the above drugs on the skin of domestic
animels en investigation has been carried out on the effect of
parenterally administered corticostercids on both normel and
eczematous akin.

There is much evidence that in maen eczematous reactions are
largely allerglc in nature g.gey contact hypersensitivity to chemicals
has been shown to be an immmological response of the delayed type
which can only be transferrved by cells from affected enimals. In
the dog cozematous reactions occur following flea bites (Schwartzmen
and Orkin, 1962) and in eonimals sensitized to ragweed (Patterson,
1959). The final part of the thesio has therefore heen devoted to
a atudy of immunological responses in the cat. In this regerd an
initial search of the literature yielded the information that cate
are extremely refractory to anephyloxis (Wilson and Miles, 1964)
and that thoy cannot be seneitized to foreign proteins because they
either break them down or exorete them rapidly (Akeasu, 1963).
Bxperiments were therefore designed to investigate the serological

rasponses of the cat to heterologous serum and to some defined
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foroign protoins. In addition aitenpts wore made to induce both

Immodinte and delayed-type hyporsensitivity in the fLeline ekin.
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THE SEIN OF THb NORAL CAT

tntroduction snd Hoview of idterature

Apert from s fow doteilad paporcs published within recent years,
sach ao that of Stwicklend. and Calhoun (1963), there is comparatively
1ittle information on the skin ol the cat that is to be found in the
evailable literaturas In this woview oxisting dota on the histology
and histoclﬁe.zemiatry of feline skin will be considered under the headw
iongs of the mejor structural components, yiz., epiderwis, dermis,

oweat ond sohaceous glands and hoilw.

One of thoe Meest inwentigators to include tho cot in & Gioe
cungion of the histology of the skin of domestic snimcls was Htoss
(1.906) who reported six opidermel atratn to be present at the exter
nel border of the nosald soptume A walledeveloped epildoxmis with a
thiok atratuvn goyneum penetrated in asome parts by the wavy exoretory
duots of swoal glands waja' notéﬁ in the case of the digital pads
{I'vol, 1928)s Varicsk (1941) considerod that the epidermis of the
dog and oot resembled that of nan and wounlly conteined a gtratum

uoidum, while Montagno (1952) found 81l the laysrs of epidermis to
ba prosent in the paw and digital pad of the cat. Creod (1958)
noted thot meny similerities oxist batween the skin of the dog end

cat although there was conelderable intraspocies variation. Yhe
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sane suthor also observad that the epidermis reoched its greatest
thickneses in the nose and in the digitel pad and wes thinnest ovor
the vantra) surfoce of the hodys Thoe epidermio of the digital pad
wae not as thick as that of the dog snd tho corrugations of the
ghrotun cornewg wera logo proncunceds Investigotion by Strdclklond
ond Calhoun (1963) showed the epidermin in halr-covered orecs t0 cone
aiat of four distinet layers with the girotum lucidum uowclly ahbzent,.
The epidornis voerled merkedly in thickness from that of the digital
pad and plopum gagale, where it measurad as muoh a3 300 microns,
down to an average of 25 microns thickness in the instonee of areoas
of hoiry skine Agaln ridglng of the epldormis was found to bz most
proninent in the plapum pasale but to be aboent from the digital ped
of the cat in contrast with the horny psapillas thot sre characteristioc
of the dwg._
Piamontation of skin 2

Strdoklend and Calhoun (2963) reported thot the molanin concene
tuotion of foline skin varied with thé ares of the body ond that the
apidsrmis of halrecovered skin maaﬁdﬁvoiﬁ of thnt pigments Tho colour
of the coat depended on the amount éf pigment contained by individuel
hairns Lapge amounts of melanin wore obgerved in the epidormis of
the 1ip, the digitel pade and plonum gasale and aleo in specialized
aroas of the skin, such as that of the prepuce, scrotum, snal sac and

teat. lontogna (1962) hao stoted that “oeals, dogs, monkeys and cats



have both a thick coat of hair and a rich pigmentery melanoccyte
syoten in the epldermis &nd. one ‘da;#a' positive,"

The dormie wes deseribed by Stoss (1906) to be donse and to
dmpart o the skin & veyy fiem taxture although in the ocase of the
foot the corium was declared by Frei (1928) to be poorly developod.
Croed (1950) found 1t Gifficult to Aistingulsh the stpatws peticulere
from the stpatum papillare, the dermis consisting of bundles of
- o0llagen togethor with elastic and rotioular fidbras. Stricklsnd and
Calhoun (1963) damzzibm,}. the dermis to be composed of collogen, elustic
and raticular fibvras, norves and bloodevennels, whioh components very
in amount iAn different areens JIn the instance of hairecoversd akin
the gtrotun papillare consiated mainly of fine collegenous i?ibrés
renning porallel with the apidamia together with a fine network of
elagtic fibres, which structures appeared to interluce near the dermoe
apidermal junotions The gipatum peticulape was dlatinguiohed by
dense fibres of collogen thot wore spproximotely three times thickew
than those of the gtrotum papillare \}mm elagtic fibros wera pore
tioulorly munorous oround the hodrefollicles. Montagma (1962) cone
sidered fibroblasts to be ubiquitous in menmalisn dermis ond to vary
in shopo from long, thin, compressed colls distinotive of tho reticular
lagor to broader mesenchymal<like cells in the peplllary layer.
Histiooyten, although present, were diffionlt to find in nomwal skin,
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In the cot, mast c¢ells orve particularly common in the dernis and are

raleted to the histemine contont of that tiscue, (Rilay and Voest,
1953).

Apoordne glende ave pronsent in all parts of the skin {5tono,
1806) and rooch up to the bulb of the cover haive They conslot of &
asocratory tubte for about oneethird their total longth suceceeded by a
mueh nerrower afferont duct whioch has & funnelechaped opening into
the hoirefollicle. Backmund (1904) described extonsively coiled
gpoorine glands to cccur in the upper and lowor lipe Trauntmen and
Mebiger (3952) found a poorly developed secroatory tubuler gland to
bo prosent only in the orxal region, anus, lowsr jow and digital pads.
Acaonding to Strickland and Colhoun (1963), apocrine glands ccourred
in ell apveas of the body tut the digitel pade contained only those
of movoorine types Thooe authors further distinpuiehed two fqims
of apoordne gland in foline okin, yiZ., the saccular (smeld end
lorge) prosont in areas of héiry okin and tho coiled snoountered in
the upper and lowsr lipn, oyellde, anal sac and prepuce. Nunger
(1961) desoridod the scorine glands to be slightly uadulating tubes
that extend through the dermis and opidermis of the foot pod snd the
duot to be composed of two loyera of cuboidsl cells, one of which
lined the lumen and the othor rosted on tho basement mombronge

in the secretory segment of an ecorine sweat glend two types of



cells sre procent (Montogna et als 1953).  Thus, some smoll supsre
£icial anlle aove imm;ed lovgely towards the lumen and contain
graoules thot stoin avidly with bhasic dyss, for which reagon they
have boen called "dork oelles”s  The lorger basal eolls hove smell,
spuess ond 2lightly ooidophilic gremules in the oytoplaum ond axe
known oo “eleor oells's  Between the latter are to be found inter-
gellulay aanelioull which cun feom the lumen to the bhose of the gland.
As o pooult of an electron snd light mlonoscopie atudy of the apoorine
swoat glands of the eat and monkey, Munger (1965) cems 0 the cone
clueion thot those structuran were also mercorine in nature and Jife
fored only from the ecerine glands of the digitel pod dn that they
locked "olesr cells¥. Hao further stated that as vevealod by eleotron
nicroscopy "the seoratory vacuoles form in the pogion of the Golgd
apperatug, are bounded by sn sgeanulor limiting membrane, and are
fraguontly obzerved approaching the luminal plasma mémbmm. fusing
with 1t, snd libareting the contentn of the vaoucle into the gluond
lumsn aftor rupture of the fused mombrone. This process of zelease
ie cloarly moavocrine.Y
Sebooecue clands

Stoss (1906) denoribiod the sebacecus glande as genarally small
and of hemdspherical ohape over mort of the hody tut indicated that
lovge soebaceous glands wera present in the upper 1ip, the prepuce,
the umonial angle ond on the dorsum of the tnil. His Lindings aoree
with thooe of (roed (2950) snd of Stridklend and Calhoun (1963).
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The sebogecus glands of the skin of the mental dnﬁia are roferred to
as the oircumoral glond of the cat by von der Che (1927) whe found
an pooumulation of lorge glande to £ill the entire triangle of the
lawé& Jowes  Krolling and Gréu (1960) allude to those glends as tﬁe
Ysubmental organt’s Bxtending almost the entire length of tho tail
in the supracaudal ergan {(nthis, 1935), o collection of larew
sabocaous and awent glands, which latter bescome more active in coals
that are in osstrus.
Hadz

Domaestic animels moy be divided into two classss according to
whother, or not, grouping of the holmefollicles is to e found in
the tiin (Jankinsan; 1965)s  Animole whioh do not exhibit that
chorscterietic include the cow, the horse and the buffale wheresa
the osi, dogs goat, sheep and camel hove haixnfollielec asrrongoed in
olusterse Trantman end Mebiger (1952) desoribe the ooat of the
gat to be arrouged In groups usunlly of three hairve, of which latier
one 18 2 moin op guard helr and is lovger then the other twoe In
carmivores each of those thpee guavd or, as they sre sometimes called,
govay hades 15 surroundsd by oix to twelve woel halws, the folldcles
of which hranch off from that of the cover halr at the opening éf
the sobaceoua plands. A complote bundle of hairs projects from o

ccnnon follicular opendng. Sitwlekland end Calhoun (1963) stated
that the haixr of the cat was avrongad in clusters of two to five
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groups arownd a large central pusrd helr, that double and tziple
oiusﬁara are mort comnon on the domsal part of the body and collections
of 4 a0d 9 ave frequent on the venbral and lower aspesto. In ocaoh
gronp thore arve neuslly ﬁhrﬁa prinary bhalin aﬁrxoun&ad by 6 %a 12
lonmuge haira. From 12 to 20 heelzs emaxga from o common opening.
The akove oubthors deseribe folliculaw folds, similar to those zeported
in the cov (Goldaborcy, 1959), to ocour in the upper portion of the
guand bely follicle only. Five to ten folds oro present in the
follicle of the vat compured with 19 to 20 1In the ¢aue of tho cow,

Tactile haira which are found on the mppér lip and eyelid are
oharacterdued by a blood sinus, lincd by endotheliun, ﬁhaﬁ ig Intoprs
posed between the exteraal shenth of the hairefolliele and an ouvier
aepsule (Traubman end Flebigew, 1952).  In the ost, that struchure
1o divided dnde a swerior nonstrabeculsary ring ox sannulay gsinus and
an infarior eaveynous or trabsoular cavity. A cushicns=like thiokene
ing of magenchyme, termed the “sinue pad” or "pingwulst', projeots
into the anmular sinus (Stoiokland and Gelhoun, 1963) onmd i8 cone
tinuong with the wmesonchynal sheoth, Above the onnular sinug the
enpoule in thiokened and conbaing & gebaceous glandwlar maas.
Astochonistny

Montagne (19499, in a study of the glonde of the feline oxternal
onditory nontus, found that the lipide of the ceruminous fluld ave

seoreted by tho sebaceous glandn wheroos the protein and pignent of



cayumen 1o derdwed from the apoorine awont glands. Tho sebnceous
glonds proved to conteln triglycerides, cholesterol esteowrs, some
plasmnal and phoapholipids while morked nlkoline phomphatase asotivity
won demonotrable in the perlpheral ecinar cells. Lto (1943) applied
the desoripbions, superficlnl and deap, to the two types of eell
which he cncountered in the dlgitel pads Kamamans (1957) descxilied
both neid end elkaline phoaphatasgse aotivily to be prooent in ecorine
awand Iggll.emdﬁ ond showed that mors alkaline phosphabtasoe was prasent iv
the Yelean® colle while acid ;g:hcmyhmmm wan detectable to lavgsn
amovnt in the “dark® golle.

In the epidermis of the cat Moategna (1962) noted that an intence
anld phosphatane ramﬁian pravoiled but thet the responss to alkaline

phosphatose won negative.

Hobor ;;o,;a and Mothods

Andmol s

Twenty ndult male and ton otuld fomale cats of mixed ovigin ware
obtednad fron loonl dealers ond kept in single capes and fad on o
diet of Ginued moeoat, nilk and wotew mxiﬁil reguiveds Hofors une, each
sat wos examined to ensure fhat 4t waoe in good haalth and free from
any disosne of the okin wheweupon it was killed by the intmpa:eitcsﬁ%l

injection of nombutal (Hoy & Bokers Lide)e



The hodr was olipped from thoe oixtosn sompling erean shown in
Fige L ond from each port a plovo of gkin, approximately 2 cme % 2 one,
was pomovoeds The spacimens deabined for roubine histologleenl
examination wore flatisned ‘on o glasn twey in pools of picro-formol
for fifteon minutas afier which they ware ploced in Dobtlas of the
fixative for 24 hours. Such & procadurae helpsd 4o minimige curling
of the tisswe whioh {ended to oocur when the material wao dircatly
sonsismad o bottles of Tiwabtive. 0

Miuer fixetion, the skin was processed in the following sequence.

1) 8% Phenol={othanol 24 hours
2) Akgsolute slechol Ji 4 houpa
1) 87 Phenol-Nothanol + i
2) Arsolute alechol I aouw
3) Absoluto oleonel TTR
4) DBenzene e 48 hours
6y . B o 04 24 hours
5) , Benzene/peraffin on 48 houzs
M Trdmmad blooks placed
in Mollifox (BeDala)
ab 490 . 48 howrs

Sactions weme cut ot o thickneon of 6 miorons meinly pevpondicuion
to the surface sithough some were out In a parallel plang to oubserve
ptudy of the diotribution ond avpangenent of the differont types of
hair,  The obsining sethods used wore Nayer's hasmelus and eosing
van Glesons poriodic acid-Schiff (Hotobking, 1948) with nnd without

dlostoro to doteods mucopolysscobardde end glycogen, respactively,
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Best's carmine (Culling, 1957) for glycogen, aldnhyﬂaufuchsin for

elastica (Gomori, 1950) and the reticulin stain of Gordon and Sweet
(1936)s 4s required, sections were stained by Perl's mothod for

ferric iron (Pearse, 1960), alcian blue end chlorantine fast red
for acid mucopolysaccharide (Lison, 1954) and toluidine blue in
citrate buffer at pi = 4.0 (Gomori, 1952). In addition, samples
fixed in 10} formolesaline at 4°C. for 24 hours were cut on a Leitz
freezing microtome at a thickness of 10 microns and stained by Sudan
IV and by 0il red O in order to demonstrate neutral fets. Frozen
sections of skin fixed in formole=calcium were stained by the acide
haemabin tédhnique (Boker, 1946) and the Nile blue sulphate method
of Menschik (1953) for demonstration of phospholipids. Unstained
mounted frozen sections were examined under polarized light for
birvefringence attributable to cholesterol and additional sections
wore treated by the Schultz method as described by FPeorse (1960).
Skin semples fixed in cold acetone (4°C.) were used for the
demonatration of alksline phosphatase by the calcium cobalt method
of Gomoxl (Pearse, 1960) and of acid phonphatase by the lead nitrate
method of Gomori (1950).

Results

@Qidermis

In the cat, hairy skin was found to possess an epidermis only

three or four cells in thickneuss, in which all the usual layers were



-.141-

deteotable excepting the sipatum lucidum, which latter was limited
t0 the digital pé.d end the nasal region. (Fig. 2). The stratum
gcorneum wegd thin as wes, too, the gtratum granulosum which in places
vwap reduced to a rudimentary end at times discontinuous layer of
granvles. In halrecovered areas, the gtpotum germinativum conslsted
of a single layer of lerge cuboidal cells, above which lay the siratum
spinosum which was 2«3 cells in thickness., Scattered irregularly
over the epidermis were considerable numbers of pepillae, each made
up of small projections of epithelium resting on highly §ascu1ar
connoctive=ticaue (Fig. 3). Ridging of the epidermis, which is so
remarkable o feature of human skin, proved to be absent over the
surface of the body btut occurred in hairless parts of skin, e.g.
over the nose and on the pads of the feet. 1In the latter situation
(Fizs 4) the epidermis had a very thick strotum corneup end siratum
lucidum and its other layers were also much developed. The ductio
of the ecorine sweat glands of the digitel pad were seen to pass
through the epidermis in the form of spiral coils.

in heiry skin, pigmented cells were very few in number and,
wheve present, ococuvred as occasional "olear! cells or melanocytes
(Rothmsn, 1955) that were located in the basal layer of the epidermis.
By contrast, large numbera of melanine=containing cells were encountered
in the hair-bulbz. In the epldermis of the nose and in that of the

pad of the foot, melanophores were prominent in both the giratum

germingtivum and the gtratum spinosum.
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Histoochemicnl taahniqué&s rovealed that the epidermis was vexy
rich in acid phomphatnse (Fig. 5), the reaction being mont intense
in the 'cane of the gtratun spinosun and the gtyxabtum granulosum.
Seotions stained by Suden IV and by 011 red O disclosed the presence

of 1ipids in epidermal cells in the foxrm of intra-cytoplasmic globules.

The gbratum corpeun had a uniformly positive reaction with the above
ataing, The aoid haematin technique proved positive in the case of
the epidermis but the Nile blue uul.phz_}.tea method for phospholipid was
conointently negative in all arveas oxamined, . (Glycogen and cholegierol
vare not deteocted in the epidemie of halyy skin but the former sube
ptance wap procent In that of the foot pnd particularly in the Birabum
gorneuns Both neutzal and acid mucopolysaccharide were abgent in
sections stained by I‘:‘ﬁ.t"; and aleian ‘blué respectively .(Table 1),
Dezpie

The dermie was found to be composed of collagenous, olastic and
roticular fibros together with {ibroblasts, mast cells, blood vessaels
and nerve-~trunks, In arens of haixy skin there was not any definite
demarcation between the ghiratum papiliare and the ghratum retioniare
although the collagen flbres of the former layer appeared to be of
mugh finer shxucture and more densely arranged (Fige 6).  Thoxe,
too, o delicate nedwork of elastic fibrea was present and in the
ense of halry skin those fibros formed a denpe meshework invosting

the haire-follicles and tho m ;;3,}_1 muscles., The reticular



laver proved o have moch thicker and more loosely arvenged bundlos
of ¢ollagon whiech onolrelod the halrefollicles ond were vituatod
above the vutengousn adipose tissuc,.

Roticulin fibres wors prominont ot the dewe-apldornel junotion
vhere they not only fomed g Line rebiculun which interdigitated with

#he celle of tho ghrobwy gop (Pige 7) but were also numorous

around the halre-follicles and the swentwglands, The dermls wod proe
vided with & xdeh bloodesupply whieh wan nostly of erpillavy type in
the voper dermis and the wdorlying fatty tlssue., In the digital
pad pscinian corpusoles wore progsent in the adlipose tissue.

ho dexmis was mueh thirmer dwve to displasement of collagon by
invger aobaceous glands in the onme of the supravavdal opgon and lowoy
lip and by largs tactile haixs in Lhe instance of the upper lipe.
Mast polls, Clbroblaghs and oocnsinael histiocyton wewe the maln typos
of wolls found to b prasant,
Hadz

In halpesvoversed axenn of the hody throe typos of hale wars found
to ooour, nemoly (a) primeny guard or sover heiva, (b) secondexy guord
nedr ond (6) lmupgo ox weol haire The two latbor forms weze
snopunbered in grouwps of 4«8 holxs distribuied around & priwexy guard
hoir (Fig. 8) and oach aggregation ususlly contuined a holr, elipghtly
larger than the reat, thual was regarded as s gocondaxry guard halr.

The peincry helr erupts from the slkin through a single owvdfica (Fige 9)
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while the surrounding groups emerge via a common opening. Associated
with each hair-follicle is a sweal gland situated at the base, and a
psebaceous gland that is located Just below the epi@ermia. Arrector
pili muscles originate from the papillary layer of the dermis and are
inserted into the folliculear comnective«tissue sheath at a point just
abhove the bulb of the hair-follicle. The histological structure of
the cover hair conformed exactly wiﬁh that desoribed by Montagna
(1962). Histochemicel studies of the hairefollicle showed it to be
rich in glycogen in PASepositive meterial which was also diastase-
realotant, and in alkaline phosphatasge. |

dweat glandg

Intﬁho case of hairecovered skin, small sacoular sweal glands,
prosent at the base of the heirefolliole, were lined by cuboidal
epithelium, rather flattened in aotively saoreting glands, that rested
on o bed of myoepithelial cells, outside which was a thick bagsemente
membranc. The excretory duct wan alongside the hair-follicle into
which it opened Jjust above the sebacecus glands. Large saccular
glands were consplcuous in the supracaudal area of the body as well
g8 in the upper and lower lips. Colled apoorine glands lined by
tall columnar epithelium were to be seen in the ansl sac, the prepuce,
the upper 1lip (Fig. 10) and in the halry skin bordering the digital
pads In all of the above glands, surface blebs were noted on the
epithelium which hitherto have been ragarded as evidence of spocrine

gooretion.
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ALl slands of the apooxline type manifested similar staining
propertica. Thug, thoy wore PABepooitive but proved negative for
SAyeopen and for ferric irvon. Neubral fata, ocholesterol ond phogw
pholipids were not detoctablo bub phosphataso of both acld and alkaline
typo woan Ffound to be present.

In the owbeubaneous wcdipose blssue of the digital pad, thoe
aucrine glende coourred as long, wdulating tubss composed of a
seoratory porbion whishy at the base of the dorual collapon, passed
inbo o duot lined by o double loyer of ouboidsl) celln,  VWhero thoy
enbored the opldemis, the ducto wexe oeen to 103@ theiy epithellal
Iining and to conbtinue to the onbonsous surfece covored only by
kavabin-liko natorial. In tho ocoretoxy porbion of the duch, ond
veoting on a myoopithelinl layor borne h& a bogenent mombrane, were
tuo bypes of ell dlfforentioble inte (a) superficial doxk eslle
vhiich stained decoply with PAS ox with Best's earmina and (b) hasal
glony ¢olle which gove o morn diffune ond leos intense reoaction with
thoso noethodn.  In o number of canug, lorvge senretory vacuolon wore
prominont in the olesr ocollo (Fig. 11). Both acid and alkaline
phosphetase wore prosent in those glands which, however, proved to
be dovoeid ﬂf noutral fato and phogoholipida.

Sebagenns silonds

In areas of bhudry okin, omaldl soboceouns glends of simple alveolar

abruchure wore found ag appondopes of the halrefolliclen into which
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they opened, Doacger glands of the same type were present in the
upper Lip in aogesiablion wlth the toctile haivs, ventzal t0 the lover
1ipe in the nontal forxamine and in Lthe dorsum of the tail vhexw thoy
Lorned the mpmtmudal organes Obthar sebaceonsg glands fo he
{'_;mmm'&wm} in the oot include the Hoibonmian gland of the wper ayew
Jid and thooe of the anal one (Fige 12).  Seotionn of pkin stoined
by Sudan IV and by 011 xed O mv«:miaﬁ that soboceons glonds ooniained
large enownts of lipid and exawmination for biroefringenoe by means of
nolavized light and use of the Schulbn techniguoe dlaclosed that they
wore also zioh in cholestorel (Fig. 13). Glands stained by the
ae:u"in'mmmamn teohnique were goloured dark bluew~grey bub agloining by
T3losblue gulphate was neiabive. Doth acdd and alkaline phosphatase
(Fige 14) were prosent in considernblo smount. Glycogen or othex
polyeaccharides wore not deteoted in sections ntained by Best's

surming, PAS and aloeion blue.
digonan

The struoture of the epidexnis inventigeted in this study cone
formed eclogely with the doseription given by Strelekland and Calhoun
(1963) slthough the pbrptwn Juoidum was not to be seon in the epideve
mal Lialng of tho annl gee nor wan 1t conglantly prosent In the
opidermis of the plenwn pagale. T6 moy be that the presence of a
tronglucent leayor in agkin cl@p@ﬁv&ﬂ on the totel epidermnal thicknoss.

Higtoohomical L£indings wore mainly in agreement with thoge of
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Montagna {1962) btut phoopholipidn wore not Gemonstrable im scotione
stained by the Hile-blue sulphabe mothed of lMenachik, although
positive renchions wore obtained with the less speeific acid-hacmatin
techniaue, In addition, cimleisﬁeml was not to be found :in the
ghratws cornovn elther by une of tho Sehults method or by wneans of
exanination wader polarduvod light fox birefringence,

The dexmo~opidormal Junotlion in the cat wao found 4o be similar
to that deoscribad for man (]):Lck, 1947) and was ehavactowdrned by
accuanlotion of reticulin {fibrog which was stronply PAB posliive
and in which the fbrils interdigitated with the bosal oolls of the
epidexnig. Blastio Cibres were slso numexous in this arves.
Ridgiong of the wderpurfoee of the epldernis was absont in hiroube
foline shin, probably bocavee the large mmbaiﬂa of halr-follicles
effeot sstisfactory adheslon betwoen the epldormis and dermic.

In the dermin fow, if ony, difforonces wove to be noted fronm
the deomeriplionn already gilven by (reod (195&3) and by Sbrickland
and Calhoun (1963).  The prosence of numorous nost cells in thoe
papillaxy layer of the felino dermis, as reoorded by Riley and
Vet (1953), wan confirmed.

The arvengoment and distedbubtion of hairs in the cat clogely
conforned with that xoported by Hofax (1512), namely, that of o
gingle lavge guard, or cover hedlr svrrounded by numoerous bundlen o
grovps of woelly halvs. The hioctologlonl otrzueture of suerd and

toctile halrs wao found to be idenbionl with thal of mumnalion hoain
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deporibed by Montagns (1962) and by Strickland and Calboun (1963).
The obpepvetion that the covor hair emerges from the epidoermis through
a #ingle opening i at voariance with the experionoe of Btricklond and
Galhovn (1963) snd Creed (1958) who otabed that both cover and wool
halrn leavo the epidemmis by way of & comnon oxifice, Hqﬁaver, not
infroquently, there wore to be seen single loarxge follioles conbaining
only one haly which, throughout 1te length, appearced o be entirely
separnte from the adjacent wool halrs with thelr obvicus common openw
inge That Tinding was confiimod when shaved arons of cal skin wers
exeninad by noans of e dlosecting micrescope and guerd hairs wore
obgervad %o iesue singly Cfren the epidermis, wheveas wool hoixs
cuergt ¥ia o conmon orifice.

Tho dtatribution of the apoerine glands was established o bo
admilar to that decoribsd by Stwrickland and Calkoun (1963) in that
thome atructures were found 40 be present throughout fellne skin apart
from that of the digital pad where:omly ecorine glande wero encounterod,
The lavgo secoular apocrine glands appoored to be much moxe astive
thon wero the amgll omes and tholy Jumine froguently contained npaterial
that was strongly PASeposlitive. In general, the histochemienl .
rosulte wore similer to those reported by Montagna (1949) in zespeot
of the glands of the feline oxternal auditory moatus. ot withoud
interent d8 a recent study, mado of the large apocrine aweab glande

exigting in the hairy skin batween the toe and the digitel pad and
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in tho oxtornel suditory meatus of odult onte (Mungen, 1965), which
has shown those glande to be of meroorvine btype ond to diffor fyon ’1:11-9
acorine sveal glonda of the dlgitel pad only in that they laock the
Yoloox" cells distinative of the lattex structures.  Doubd has 2lso
boon easy on the mebhod of socrotion of the bovine sweat glands by
Pindlay end Jeyviinoon (:!.960) who conoluded that, if o oweat glend
dn the eolf 48 shimilated ao o xesuli of thexmal shress, it mush
fonetion either by o seoretory provens thet doos not involwve degones
crabion of glanduler epitheliwa or by means of sinple diffupion
through tho wall of the glandes In atructure, ccorine glandg of the
dizitel pad conformed olecely with the deascwlotion glven by Hunger
(1962) tub coiling of thoze glends as described by Strickland and
Colhown {1963) wae not obsezved. The doxk and cleaw types of coll
roported by Kovamwrn (1957) and by Hunger (19€1) were distinguishoble
in poctions ntoined by PAS and by Beadts carnine metbod for glycogen.
Tha sohacooun plands of the cat coovrred eliher an owmelld
structures ascocdnted with the helrefolliclos over the surface of the
body ox ap large nchaccoun glands in the ease of the supracaudal
orgon, the lower lip and in sseociobion with the tactile hoalye of the
upnoe lip. lHoveovor, larpe scbaceons glands wers found in the ansl
ae0 op well oo in the eyelid whove bthey foum the Meihomion (or tornsl)
lond, ienerally, the staining vesobtlone complied with the fLindings

of Monbogna (1949) in reforonce o the sebageous glands of the {feline
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entornal oudltory meatus., SBectlons stainced by the acid-hacmabin
teobmiquo gave o positive reaotion bub Dunigen (1964) considersd such
& mathed dnoufficicnt to Aifferantisto botween hydrophoble lipids and
phospholipids ond recommonded the voe of Hile blueesulphate (lonschik,
1963) ab 600 inntood, By moons of the lobBer technique, phoge
pholipdds proved never $¢ he demoustrable in numorousn seobions of cotb
sobooeoun glonds slthough contnol seobions of hurman arbericl atheroe
solarosio wore Invaniably positive.s  Sobaceous glonds from all pavks
of the body were sseortained Lo contein large snmounbtp of neutxal fLot,
abolentorol an woll as acld end alkaline pheaphatnses.

In genernl, foline shin rogenbles that of othor mexamols both in
gtructureo and in chepierl compogition ut minor differonces among
ppocian 40 ogouw for lastence, the progenae in the cat of o vingle
euard hedswfollicle whioh ie not found in the dog (Craed, &953) and
tha ebaonga from the feline digital ped of the condieal papillee which
exist in dogo (Lovell and Ooffy, 19%7)e  Favbher rescawvch into the
hictoleogy ond histochenistry of the feline ckin io negeorary o cnoble
the votorinsey dexmatologlod to wnderstand 1ts structure and funetion.
Portinontly, it nay horo be mondloned that the avaeilable lltermbture
on feline anabony has been found not to contain any raferenco either
to the blood supply of the skin orx 0 the mode of growih and nower

of veplocoment of halwv.
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Pire 3 Koy to Skin Sampling Areas in. "bh‘e' Cat

Doranl neck

Dorsald thorax

Supracaudal orgen

Trontal oyen - heod
Hideabhdonen

Loteral chest
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Tateral aspect -» "jfdré-fleé

Planun nasple
Upper 1ip

fover p
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-Propuce or teat

Digital pad
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Pig B Wormal cal skin showing bthree compuound .
hale follicles. Hocmalwa aond cosin K180

3

Mg B Bpldermal popdlla showing thicker epildernids
pad wollwvagoulariced domine Inomalum and

epaln 2450 ;-
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Pise 4 )1{,.;.1,@? pad of tho eat L:;aversaed o;gr oxeroet mzv :
ducts of ecerine g;.l,anws. Haemalun and ewa.u, '\21 .:0.-

Flme B Supracaudal orgen with 8 '*e:mg"i,j pc.)ts:r. bive noid
phosphatage reaction in .t;sohnrenus gvlamla amd
opiderinis,. (womoz*"f., %150, :






Fie B Siein of "cat showing condenpation of collagen
‘ Juat below the epiderniss Ven Gleson, 2150

Fige J  Dermoeopidermel junchion in cat with meshwork
of rveticulin fibres, Gordon snd Sweets ¥150.
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Soebtion of eat skin cub parallel with the surface
t0 show guerd hajdr with adjecent clugters of woeol
haive Hoomalum and cosin, x150,

Guerd hair evupbing from & aingle folliculaex
oponinge Hoemalun and eomin, %110
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Fip 0 large apocrine glends of wpper lip lined by
columar epithelium. Haewalum ond sosing w150

Pase 11, Seovetory portlon of eccrine glands of digital
pads  Hote promineat secretory vecudles in
lower righl segment. Heemelum and cosin, x450.






Meey 12 Sobnocous glagd of omal sag with coiled
ek apcerine glandsy  Hoemolum and eooin, x1106

e A5 Intense birvefringence under polarized lizht of
sebacoous gland of supracaudal organs indleative
of oholostorol. Unstained seobion, x450.






Fipe 14 liarked alkaline phosphatuse activity in sebacoous -
gland of upper 1ip., Gomoxi, x80. S
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HISTAMING AWD HAST CRLLS IH PHE SKIN OF HORMAL CATS

Intzoduation

In mony spoclos of animalo, mest colls hove been found bo oceur
frequoently in the ecomnectivo-tisoues of the body, f.g. they are common
in the okin of tho oant, the eanine liver, the bovine pleura as well as
the guineo-pig lung and appoar as lavge ¢ells £i1laed with geanulaes
whioh stein metachrometicelly with toluidine vlue., The discoveny
that thooe cells contodned the phawmacologieal agenba, histanine éad
heporin ag woll ags ﬁuhydrax%ryptamiﬂe, and the fact that they incrcosa
in numbor in neny morbid eonditions hao stimuleted mueh rosooxch into
the ponaidble funchion of the past oell in health and dlseanc,

The dlstrilntion and the staining chaxnctexdistion of the maat
colls of aormal loline ekin as well as thedr aosociabion with histemine

aonetltute the main subjects of study desoribed in the enoulng section,

The nesd gell was firet descrdibed by Thrlich in 1879 and woas so
ealled becauso of its high content of intrecytoplasmic granuleo,
Fhylich coneldorsd 1t to be pximazdly o conneotivestiseno coll whioh
increoged in numbor in chronio inflanwatory conditions end whigh
exbiibliod the proporty of stinining metachzomaticslly with boasie dvos.

At the tine, o specific function wep not abttrlbuted 1o the mont cell



go that Cor mony yeors thot aspeod nroused little intorest mc}
maaémﬁ uns concentratod mainly on wmorphology, distrivubion and
ptodining proporbles, widieh featvras bhove boon reviewed by HMichels
(1938)s A gronb impamé 0 mfaea.:::'al:a on neot cell phyeiolosy wesulted
from the dlocovery by Jowpos, Holmgron and Wilander (1937) that the
call conbtained heparin and thus mipht act a0 o source of antiecongulont
matordols  More wecently, Riloy and West (1953) domonstratod the
presence oFf hlstamine in magt cells thereby producing furbhoer
ppeculation concerning their pospible role in both health and dloonsg.
Jhe Owiodn of tho Naot Goll

Vaxloua theories have heen advanced regarding the origin of mowt
agells bub as yob there is nob any pingle explanation of tholy proge
onco in the tissuen that is commonly acceptod. Hichels (1938) stated
thot in the adult body the cupply of histogeneous nest celle ds
maintained by homoplantle and hetexsplastlc rxegeneration. The foww
mer ia accomplichad by mitotie divieion of pre-exiating masnt colle
ond the labtoxr by an elaboration of noot sranules in various types of
copnoobive-tinsue oells. Foweebt (1955) suggeoted thot the wmest
cell arvono Lrom wndifferentiabtod oolla in the welln of bleod vessels
aad found that inbroaperitoncs). injeotion of dletilled water intoe the
ot pesulted in destruction of the nmaedt cells of the meventory.
The latber structures wove aslowly replaced over a period of aix

wocks, Initially, by moans of difforontiotion of now mant cells Lrom
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Pibroblastice precursors and, latow, in congeguense of cell division.
At fixaﬁ, vegsnoration ensued clovwly and only & fou geannle~contalning
pelles wore to be found in the sdventitio of the gmall) blood-venoels
afbor o lopse of 8«12 dnyp. Thoaae aélla gradunlly anl@wgga in gize
over a veriod of weoks and movad awey from the neighbourbood of the
bloodevonoelo.  Duving tho Llator aluges, witobic sad anltotic dive
iglon of aurviving mast cells contzlibuted wt slightly to ropopulation
of tho measontory which, in tho nain, wag offected by new past cells
puteing Crom wadiflferontintaed wnits in the sdvenditia of wnnll vessols.
Cosba ob ale (1961) olaimed thot, in the orse of mice inocculated
with tumoun eclls, mant colls oxiginatod from the retionloar colls of
the thymus sud Deom mediun and lewge lymphooytos no well as frowm
epiihelin) cells. Mowe rocontlys Ginsherg (1963) obaorved fho
dovelopment of want gells in icovosouliures of thymw cells bthat were
grown on fovdor layers of movso ombryoe ¢olla, At firsb, thore wan
oxhonpive degenoration of the omelld ond the modivnwsized lymphocyien
which wan followed by prolifovation of wndlflferentiated eelln peabtteved
ovor the foedor layer. Thoso wndifferontioted callﬂ,_whiah Glnohong
toxmed Ymastoblasits', were simllar movphologioally to lavge lymphoe
oybase  Junipg the third oud fowebh weokn of culturs, the mosioblaaste
developed introoyboplasnie notachromabic meterdial which gave thom a
sharnotorictic foomy appenrance and wene then texwed young naet ¢ells,

From the 24th to the 10th dey of ouvlture, mitotic flguvss bocone
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eonspionons bubd upunlly wore oboerved only in cizowmgonibad avead.
Feom the 22nd to bhe BOBh doy the youag nest eelle graduvally developed
into mabure mest vello. OFf dnbovest io the fact thet Giughoxg found
thoet thymun eulburce dowived fron mice infooted with Meloney lonlnonis
virug produced better maot ¢ell propavationn then did thooe obtained
Prom control non-infected nico, The nechanion underiying that dige
Qovery momngsing wnkuoml,.
Hoxpholopy, of the Magh Cell |

Wichels (1938) deoclared the mond coll to be, ab timos, rownd ox
oval and, at othorgy, pyrifoim, fusiforn ox eplndle shaped with o
ghazacheriotically round or olliptical nuclouvs thet is neinly of
ceoontyis ponidions Binuolaoted auob cells oxe rather comuvsn. The
geent vorintlion in tholiy morphology noy be due Lo factors suoh s
ganatlo ordigin, amoebold movenont, phyolologiesl condition of the
ooll ond modo of fixations The most oharvactoristic property of tho
maes oll ig the aocunulation of intrzooytoplasnic graneles whioh
abain metachromatioally with hoole dyes.  Aecording to Smith (1963),
the granvles axe ususlly sboud 0.5 micren in dismeter and noy bo
sparse or closely packed within the coll., Vhere granulos polangod
from tho nast eell have been phogooytosed by mocrophagen,
diffeorentiation of the latter fron true most colls nay U o natber

of dirficultys.



Mpseibution of the faah Goll vddlhd

Hiotogonous mask cells ocvcur in eonneotivaetlgoue é.n all peglonn
of the body in numbeys that, as o rule, dopend on the amound of the
inbter tisoue (HMiohels, 1938). Tn the csve of skin, Biley and Vend
{1956) eneriod out a quenbitntive oxominstion volabive to the Alae
tribution of mest oella ia tha ouker and dmor layers of the Jdeanmis.
of the aay of plgs and eattle ond in tho abdominel intogument of the
nougt, wab, guinen plg, xabbibt, osl, dog and msn, Those suthors
found the meet oells %0 bo moat coumon in the dowmin of the oabt and
tha vat, In his roview, enbitled "The Tiscue Moot Gell”, Sulth
(1963) included a pupbox of publicstions pertaining to countn of
Intradernal nast cells that huve baen onrreded out in varicus species
of animelos  HKoleald and Czabb (19%9) reported that poveral ensbondoanl
araas of conncotive~bisene contoin gonaidexable oumbere of mant cells,
Sefle the mesontery of most nomeal animelo. Agadn, moast colls ave
plentiful in the comine liver whero they play an impordant pavdt in
cnophylactio xeactions (Wilanndor, 1939).  Theve, boo, mast ewlls axe
$0 bo found in tho eapsule of (lisson and not in the paronchynn.

Othor vigoora rich in moed oodls include the lumgs, digestive topot,
spleen ond lymphenoden (Idehols, 1938).  In moxbid orgens end tisouco
msod oells ney be pavbiculoxly mmerous, o example, mast cell tumours
of the dog, ox and onts the lesiono of the analogouvs human disordern,

Imown an peiiearia plementosn, ave aleo vich in these cells (Head, 1958).
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Agsummlations off nast cells hove boen noboed dn wony chronie inflohe
natouy procasces, Qefe shronds cozoma, lichen planue and coabooh
dovnntitie (AoboowHangon, 1950).

Sapl Goll

Hopowin

Yor long aftor Bhrlieh'o cordly work, intevest 1n the smaod coll
i

vosbed mainly on norphology and distribution within the tisoues.

In 1937, however, 1t wos dlscovored that heporin, the powerfvl anbie
conzulant racoverable f£rom dog liver, stalned mebachrematically with
toluddine blue ond that a ¢lose corpreletion exipiod hebween the
nambar of maot cells in o dicesue and the amount of heparin obisinnble
tharefeon (Jownes g 5k 3.937)» In view of the shove Lindlngs,
Jorpas and hig colleasuen consgldezrod that the msed oells wexe the
main source of hepexdn in the tissves. A% fizet, nest colles wore
thsught bo be wholly pexivasonlar In location so that thoy conld pues
duee heparln and pour 4% inko the Llood ebream. Howoyar, loser sbtudy
of the nmovenont of porivavguloer muosh vells showed that thoy can
migvate avay from dhe Wlood veasols and honce thay probably produoes
their peoretlon for both blood and tiosven (Weot, 1955).  Farbher
preofd thet mast cella contain hepovin ropones in the facet that those
collo selechblively incorporate oud robein mubsboatlel amounta of
sulpbur, whioh latter prasumably becomes incorporated into sulphated

3
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AvboosHansen (1953, 1954) and AshoeeHoneen and Levi (1959) demonesrated
o high wpleke of thot maberial by nuastd eells which wove prosent in
lovge nunbors arovnd oubaneoun papillomata of nleo pe well an in thoge
in the viocinity of R«mgg goxgons of the fowl, Dluoot preof that much
of the sulphated wugopolyoaoccharide consinte of hoparin heg hoen
obininod from piundies wheredn heparin hon beon chemienlly identified
afbor 1tn loplation [rom exbzaots of xab pm:*i%;mm:él maet oolls
(Benditt, 195035 Hohiller, 1963).

Torbher evidence that mast colla oxe zloh in hoporin i devived
from expovivents in which high lovels of anticoagulont activity wore
fovnd o vhavactoripe oxteastn of pewlitonenl mast celis of the rat
(Axcher, 1961), mouse masbooytoms (Fuxth gt al., 1957), ond dog
nagtooybons (Olivor, ok pl., 19470

b

i abam

AT

Biley end %eod (1953) wepovtod thet a cleoso covrelation bobwoen
$ho mest ooll pepulation end the hintonine conbent wos fownd to cxiel
in mumezous nomnl tisavoen of the oty dog, cheop, pig, cow and O%,
Thay obgerved alao that, when naest celle wore few in tlonuos pouch o
thoae of young sndnole sad of footupesn, lovels of histanmine proved to
he correspondingly low.  Agnin, in the ease of pathologlieel oxgons
end bisones, the maat ¢ell was frequently ineressed in mumbor and the
gontent of higtemine alae wan zalsed, Histamine liboratora were

found by those workors o hedog about destruction of masb oella ap
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woll an to offect fhe relesse of histanine fyom tho nosentery of the
zat in vivp and from the livorecapsule of the sheop jn yitrp., Those
findings have been eoniirned by numerous other workers. AS & zoould
of {the ﬁnjeati@n af Alatilled wioer dnte tho peritononl ecavily of
raba, Favsebt (1994) produvocd deptrustion of the locnl mapt oolls with
weleoase of bhistamine into tho poeliconeal fluide Simllaz resulis
attendad analogous dneculation of compound '48/@0' and it was fuvther
fownd thet a aecona.ingm’c:lon given several daye ofter the first
resulted in libtle, i any, libeozabion of histsuwine, indicabing thod
the sowwes of histamine woo, indesd, the btissue mast cell,

Diwack méaﬂuxement of the histanine content of mest oells han
beon scoomplished by o nmunbor of workers, including Denditd gt gl.
(195%) who found that loxge nmounis of the subotonce were relonsed
from Anolated mast oelle of the perdtoneum that had beon subjected to
altomnte frcezing and thawinges

Toshulguens of oell facoblionation have mexved Yo eptablish that
histomine fo conteined within the oytoplasmio granules of mast cells
onoowatered In the ox Ylvor~oepoule, the subsulaneouns tisoue of bthe
rat and the subotonce of the Furth moupe mastooyboms,

In the ovose of a few biusuves, cleose correlation between the
nurbor of maeb oolla ond tho amount of histemine has not boen Cone
fixmeds Thus, Mota et al. (1956) wecorded high levels of histomine

to obbadn In the gegtric fondue and the duodenum of the rat when only



o fow maot ocllo wore o bo fommd in those areog.  Noxcover, 00abe
@axzmt with '538/80' a4.d not xoduoe the histamine contont of thope
'a‘;:‘ix;aum;x" o b 4id in the ;&mbmm of the skin, the tongue and the
goxrdia of 4he stomach v:h@:-z:é o pouibive aoxralabion exinted bobtweon
the munber of nagst cells and the histonine gontent,

Yhother the most oell oynthesizon hiobonine or slaply otoves
oxogenous histanine in the c:yf;oplas-;‘mﬁ.m granules 1o o mattor that hnsg
baen dnvostizated by Schoyer (1996) sho employed suspencilons of cells
obtainad from the pm;'itzénmal gavity of xats., That author denongtrated
that sueh prepscationg aro dapable of decavboxylating U«l.histidine
and 0f Dinding the resultant O-histomine in gtoble foxm. Histldine
daoarboxyione wan foolated fron dlarupted ooells. Since none of tho
blood eslls of the xat menifested those preperties, 1t wae inforeed
that the ticoue nast ooclls wore rosponsible for the deearboxylation
and binding of hictemine ond that they conbdsined histidine desnrboiylase.
Significont lovels of hiokidine dsoarboxylase activity in wmast colln
have boen demonstrated by Hogen ok gle (1960) 4n the instance of the
nonpeotlonlnte poek of hmﬁmmmmﬁm Aerived from Fardh nouvse manbos
oy bome and by Welasbhach gb al, (1961) in the case of the ITumePobhes
Baopee Humou.

Sullydrostryotonine (S-I0s  serotonin)
aemtziﬁt et gl (1955) demonotyated that the isolated pouitoneal

mnot colls of the rab containod substontial cmounts of S-HT (sorotonin)



which come %0 he relenmsed as o xesuld of altemmate freegzing and thawe
Ing and woas then chronsbogyophioally ddentifiable. Lo o Loalor cone
munioation, Denditt ob gl. (1963) wopontad that S« ployed an dupore
tant poxt in locol cosphylaotold xeactiong of tho .m'iz thot wore proe
fuoed by Indoetlieon of gggwwhillo. Yhe obove auperinonbs also revesled
Ghat partlald inkdbition of the pesction wan obtoinablo by use of an
abegondnt 4o gevotonin tub thal eigndilicont imxzihi’!:mm did not follow
tho adnlaiobzation of an andibistaniniae aummém alone,  Dondditt was
of the opindon that 50T ocounred dn thoe eytoplaosm of the manh colls
only of the movae and wotb end thad 144tle, AL any, ovidanoco obloined
for tho pressnes of that mubgtonge In other apetles.  In the ease of
the mal, Pomred and West (19%7) found that ovor Balf tho dobel smount
0f Sel@ in the body 4o loosted in thoe aldn vhere, probalkly, the sube
afaneo resides dn dWwo places, one of vhish is not the tisosuo mast
aclo,  Dixon (1999) ezporionesd o stecdy inoveass in the SeHP content
0f whole wat Lo ocenw Inom bizth wntil the 4Wh doy poak paxtum, after
which tho lewvel ronpdned stotic. Inborestingly, adalndstration of
polynysin B an o Libepator mvbostanee has been noted o being about
Gloruption of weast collo ulth loss of bhistanlne from the shin bub with

14s51e ohonge 4n Bho gontent of SWi1 (Perzat ond Vest, 1957).

() IMWhochondrisl ensvign
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(1961) in ouopenesions of intect mnd disrupted mast cells isolated fronm
the poriboncol cavity of xate. Hogen eb nl. (1999) found bigh levels
of omine oxidase and Dfumavapa to be agsociated with a parbiculate
faaotion which waé Lightexr than that of the porticn contsining
hictamine, heparin and 5«11,
(b) Proleolytlc ensymes

Gomoxd (1953) obgewvod that in tissue cootions the nast cells
hydrolyzed 3ehydeoxy, 2-nophthoie acid snilide., Bendiftit and Arvage
(1959) showed mexked mimilavities to exist between the proporties of
reagt eoll suoponsions and ehymobtrypsin and have suggested thet the
latter substance moy congtitute the ensyme of the must cell.
Reaently, Legunoff and Bendith (1963) used isolated rat peritonesl
noot colls to demonatirate the presence of a proteoclytle ensyme which
hydéﬁlyzad enpein, albunin ond insulin. The enzyme ococurrod in
aobtive form in the chavaoteristic larvge gramules of thoe nast eell
along with higtemine snd hopoarin and wos x&aéily oxbractable by means
of 0.5 I KGNS, It wao proposed theb the engymo should be known as
oot eell ohymase. The authors also found evidence of tho exisbence
in hupen and canine naet eolls of 4 sccond ensyme which wag homow
aopecl fic wiﬁﬁ teypoin and sugeested that, if 4% proved soparable from
chymase activity, it should be called mant cell txyptase.
(0) Qthec Fnzymon

Couplend ond Heath (1961) have presented histochemicsl evidence
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thot dopomine is o conetituont of $he nest ocllo in the liver c:*:,»z.pmalg
of the ocow and tho cheop and thot dibydroxyphenylelanine decarcboxylase
is prosont dn the nonepartioulate fraction wecovorable Lrom Purih
mastooytoma.  Smith (1963) hae resorded o mumbor of popoxe im which

the mest colls avo specificd to contadn ewlphhydryl, oxldative and

othor anaynos.

Deopending on tho nadture of the stimulug, the meod cells appear o
he able to Libemate their contents by oxercise of any one of throe
peoretory procesnes, Thus, 1a peaponse to treaimont with dintilled
waber or corbisone or to A-lreadiation, changes charvootexistic of
holoerine seorvebion are 0 be cbhegorved with disruption of the nast
gell and copeeguent xeleage of ite oytoplammio granulesn inte tho
surrounding tiesues (Smith, 1963).  Hi11L (1957) bes found avidence
for apoorine mecrction in tholb during the lipaomie phace following a
neal of fat, the mesentexie nast colle of the rat liberate a part of
their oytoplasmio groamdes bub otherwine remain intact, Ao 1 QOne
geguenae of inbraperitonesl injection of toluidine blue oy of
probamine sulphote, Snith (1958) encouniered a hiotamine discharge
foom thoe wenonterde nmast oolle of the rat that wos not naaocialed
with apy nicrvoscopical evidence of degranlation and so concludod
that “seonation by the mnst ccl) doen not reguire oell disruplion and

death oo maoh of tho litexature indicstos but is nevocrine dn notura,!



'c;!:s*? e

Soilyo (1965) consldoned that thoe availoble information om nact eell
&isoharvge 444 ,mﬁ favour o witorien intoxpretntion of degranulebion
and bhat the mechonion concorned was dependens on the fi@g;;-:e:mui!&t:img
agant, tho speclea of anlweld ond the aves affected. In hils opinlon,
the most popular concept of degramlation and histenine liberation de
that of an Yonergyerenuiving mechanicn dnvelving o lytic enzyne
(provably phosphatane A o () which is situated on the mast eald
suefaos but noinmelly xemains inert beocnunoe ite active group is Blocked
by o speelel dnhdbitor. Omly whon the lattor io removed by o histomine
linerator doos the ensyne beooime aoebtives 4t then sttacks the cell
mombrane and liberaten the granvles,  However, txypoin ond
shyimotiypein=like eneynon woy also be rooponslble fox the aotivabion

of tho nand celle-diocharging wochaniom.”

Tho newly-oboorved blolozical reaotions, osleoipyloxin ond 0ale
agenry, hove venontly cone to light ns another possible function of
mont celln,  Apparently, dlechanyed magt eell granules may fuwmish
the oxgonlo wobrix necesonyy Lo the binding of various notalliec spalto,
poartionlomdly those of ealelon (Golye, 196%). Oaleiphylaxis ip
é.eaf:imﬂ by *bim ahove aubthox as o vhenonenon in which gelaetive cole
alfieation of verdous oxgang in buought ohoul by pre~tmoatment with
o oystenie caledfying ogonty fege parathyrold homone or vitomin I

dordvativen (the "sonsitizer” ), followed after an indorvol of bine
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(the "eriticel peried”) by an eliciting agent (the “ohallenger").
fOadoeryy Aiffors from cplelphylexnis in that 1t do produeed without
previous senglbization and in n@mémmnw o paronteral administration
of powsallad dirvect enlodfiove or Yoslosrgone’, g.g. lead acetale,
inddun ohlowide and lenthanum oblonide. Selye conwidens histuanine
Libovabors play on impovbent peyd in ealelphyloxis snd enloongy
shrouvgh thels nest sell dischargiong offect and that in wato, scnsliiized
by means of dibydrotechyoterol and pubsequently given fervic ohlorids
intravenouely. topical enleification of the skin ig produsidle at
aites whore histomine libswators exe dnjected, Bolye lg of the
ovindon thot discharged mast ooll gronvies bind bDleod«borme fron
which, aftor calelphylaotic nenscitizstion, come to attract calolun
seltn and thalt finolly the mest eoll gronules dlpintegrato o mlenage
gonbainod minersl which then becomen attachaed to adjacent ¢onnoctivew

tlemme filrog,

For histology and for hilchomine analypis two opoll blocks of skin
(1 on. sguare) wore womoved from adjscent pavrte of the dorsun of 20
nozanl oato dmedistoly afier they had been killed by an inbroes
periteneal dinjection of nesbubel. HBonples fop histemine ansiyeio
ware atored for not moxre than 6 days ok «2070 while those for

hiotologlenl oxaninetion wore fixed in ploroeformel and thon procopssed
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in the manner deseribed in Part I for ntrmal skin. Seotions wore
oul porpondicnlar to the ourefece ob o thickness of 6 wmicrong and wore
piadned by Mayer's baemalum end eosin, by tolvidine blue (Comori,
1952) ot o pi w 4.0, by aldehyde-fuchein (Comoni, 1950), by PAS and

by Aleolan blue with obloxenbine font xed.

Fow this purpose, sootiong of ekin wero ateined by toluidine blue
ond the nwaber of moast ¢ellp in ften fiolde ab & magnificetion of A00x
wan sownbed, The moan of ton aush counls was token ot the mast ooll
value for oogh speoinen. Phe Liolds of obsorvetion wore chosen foon
the devmal papillaxy loyoew aince the mast eolla of felino ghin are to
ho found walnly dn thet sxen (Riley, 1959).  That procaduze is not
¢lalmed $0 glvo an absoluto mest eald wvalue hul bhas provided 8 reasonw
ablo dogree of correlation width the amownts of hiotasine bthot havo
boen oxbrzaoted from o nuobes of dhasnes {f{il.ey, 1959)e  Only mant

arlle with groanwlon oand vwicdhleo nuecled woro ocounbod,

Hipboming anady
Skin comples wera frinmnad $o dlmensions of 5 mus, by 4 nnde,
ppproximately, before stovago at <2070,  On vemovel from the deep
froeze, oacoh gample wan welghed and thon out on o waefilgerated
mioxokome or ervestat (Posyeo Model by Sleo Madioal Powipment Ldimited)

duto acchions, 15 wleroas thick, 0ll of which wero earvefully collactod

Into o smpll tooat tube placed ab bthe foot of the seotlon chube,
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When oulbting was slmost somplote, the tiny residuun of tisove wao
vonoved Lrvom the ohuck and added 40 the vest in the tegb-tube, Thob
procodurs hon beon Lownd do plve o hlgher yield of hiotemine than ip
0 bo hod from dloouwe grovad vy dn sende.  Two pdllilitreen of % HiL
wore then odded te thoe dube pod 1ts conbent of mliced ekin when the
lathor wad placed in o waborebath ot 100°¢ for one hour in oxdex to
oxbract the hintuxmine, To provent oveporablon, o sapll ploge of tin
foil waa pleced on top of tho tube ond when ceol, the rabonial won
aontrifeged ob 3,000 repen. fox L6 minutos, Whe supexmobont was
then powred off into o 25 ml. bosker Lo he nounbralized by means of
%smm, with 005 noutyal zod ag an inddestor, vhen ths velume of the
final solution wos neamured.  The oxbract wes sosoyod on o preparotion
of daclatod guineaw«plg dlewm obboinod Lrom the derminel €-10 ons, of
guald dntestine afbor the aninal bod boon Kliled by o blow on the

hoods  Tho porbion of Intosdtine was thon plaged into Fyvodots
oolution 4o hove oub frem ib a ¥ on, Llongth, the contento of vilch
wers warhed oub by meono of o Pashowr pipobbe. Witheud dolay, the
proparvation woo brennforyed 40 o tismesbath, of 8 wle oapaolty, Gonw
todning oxygonatod Tyredo's solubion at 3‘“{%* w0 which hod been added
obrogine mulphobe to prevent nonaopooifie contraction., Phe dgolabed
norhlion of 4leoum wan connonted by meeng of o threed to an &1l metsl
frontel weiting pointd compleote wish lover, the novenonts of which

vere rooorded on a khymograph. Twoe dopsen of the extroot (w) and



ond twe of hictomine stondord (042 pgﬁ?}l.}.{ﬂ) wore used for o fovre
cpednt aseoy end o bregling so obbedned io shown ip Plguee 15, The
| anount of goch eolublon was choven 4o produss approwimotely equal
condrootione of the musele. Adwinintration was effeuted iun "Latin
conare” dosign 2o os to minduize the effvod of one dose on onothow
end ecch owount of drug wae slloved to sot for 20 megondsn, followed
by o perioed of 60 poconds fow wozovery. The Tyrode solubion in the
both won chonged twilce ob the ond of coch porled of vopdzeaction to
wash ouk hipbanine m&, b the olose of cach ageey, the opeolilcliy
off the tool veo cheoked by the addition of mepyranine melostic.
Afbor epplicabion of woraloh, the hodght of coach conbtraction wan
menoweed dn ndllinetron and the mosn of enoh group of four wag
p:im%es@ on granh papes, oo shows in Plae 164 Tho hiustamine contend
of the oxtrect wan then celunlated in the folloving waye

Heieht of olkin = 0,0009 .
Volwna of exbract » A4 n),

A B b )
29 mine 20 mm. T3 ume Gh e
3 mme 23 mm, TO e 595 mne
31- e gﬁ s 71 it 54 mma

29, e 22 10, ., 02 e 32 o
Pabal 116 mn. 104 mine 276 rima 197 ma,

Yean 29 [na 26 vine 69 mme 4925 mme
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On the graph ;z}ﬁpw it wap found thabs

0.15 ml, Histanine Holukion (H) & 0,067 ml. unknown (U)

ete 1 mls H= g‘;&? mie U

e'e Hed mle U ﬁrmmim i} T M s histenine
Loy 1,97 e histamine
o o 4 gme skin contoine %ﬁ%? Jmise histanine

3400 22,6 /}ggzhm histanine

Ropulis

Hisbologlical examination of the skin showed an appreciable
mnber of nagt ocells to be progsent in oat skin looated mainly in the
upper dermal layor from which they exionded down the sides of hoire
follicles, (Mgs 17T)e Only cocasionelly did cclls of the typs ocoenp
gingly din the deeper parte of dermis and in the subeutis. The
aajority of the mast eells wore polyhedval or round in mhépe and
povsessed & contral nucleus which, in seotions stained by Loluldine
Ylue, wos lavgely obsoured by the metachromatlo granules of the oylioe-
plesme  Freguently, the cella were to be found in groups of two on
three and, 0 a loaxge extont, were precont awvound eaplllaries although
gome wore aleo to be seen in aroas of dermsl comnéotive tissue in
witch blood vessols were not visible, The vesulis of differentiel

shtaining of mast cell granules oncownterad in normel felino gkin
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2ablo 2
HISTATINE AND MAST OFLLS IF NOWMMAL PELINE SKIN
Hagst Oella
' Histemine
Cat Rumber avey. of 10 high (
( ;m:gg fiolds) B | (paus. por gean)
1 1245 14.4
2 848 13.0
3 Ge22 Q62
4 6.7 1644
5 45 10445
6 6e5 200
T 6ed 10.2
8 Qe8 11.1
9 10.5 16.1
i0 643 12.45
11 Te8 21,9
12 8.5 Deb
13 TeT 9,23
15 He2 11.5
16 oA 11.6
17 1044 10.4
16 TeT 173
19 T0 11.5
20 68 116
Totol 155.4 269,98
Mean  TeT + 1.0% 13 4 2432

# Standard doviation
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ara as followos

Hinemalun and Rosin Hegative
Periodle acid-Sohiff Pogitive

Toluidine biue (pl 4,0) . Metachrowatic

Alﬁ@ixydf;»i’mh&in . | Deap roddish-purple
Acld phompbatnge | Hegative

Alkaline pimapmwm Pogitive

Alolan blus Blue

in the case of sectlons of skin stained by toluldine blue,
nmaot opll counte made over ten fields in the dermal papillory layer
gave mean values that ranged from 4.5 to 12,5 nash cells per high
power ficld with a mean fox twenty sninals of T.7 g 1.&? cella,

‘ii:"h@ hlotanine valuves rocorded dubonded fr0m 9.2 t0 21,5 Y.
por goom of skin with & wesn value for the growp of 13,0 z 2.3 Mg .
Those Lfiguren refer to tho bhisiewmine base and are resorded in Pable

2e

Llgouasion

Mahels (1936) noted the presenee of large numbers of mast colle
in the vorioun layers of the demnmlie, in the auporficinl and deepn
fancle, in and around hairefollicles and not Infrequently in 4$he

epitheliol layers. Throughout the present work, the presence of
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congldarable nunbexa of mast colls in the dernis has been sonfimmed
but in the coee of the ¢sb bhey weve confined mednly to the pepiliory
Loyer of the Jdexmis end only on ooonsional oell of $he type was 0

o aeon in the deoep dermic. Conbrury to Michels' £indingn, on no
ononeion wore mosh cells found in the eplthelisl stuvnts although

quite often they wewe present in olose asscolation with hairefollicles.
Riley (19%9) has stoted thet lorge numbers of nnet cells ccour in the
okin of the xot as well sp in thet of the monse and the cat, Thoge
acells opre to be found neinly m the papillery layer of the feline dere
nig ond in the deep dermie of the mb, In the case of the mouse,
cutanaous mast calls occur in two situations, one in the inner and the
other in the outer layer of the dexnisas  Thue, there smeen 0 be specics
diffevonces in the distribubion of nmast cells in mommalian skin,

For longs the stalning of wost celle in different epecien of
enimalo hoas aroused coneiderable intevest and mest of the work so
congermad hap been applied to the disocovery of tho specifio chemical
subptences thet provail within he cell.

In seotiong of feline ckin siained with toluldine blue alb a
Pl = 4,0 ﬁ‘@m@md by deeclourdizedion in acidealeohol ond mmmmam;
sbtaining by the Ped.5, mathod, the maot colls whioh hod exhibited
metachronasis wore consbontly fouad o be PuAd.-pogitive, This
finding 18 ab varianoe with the xosults of Lillie (1950) who found

that, in seadions of human appondix, rvab omentum and salivary gland
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and mouse sbomach (in which the mast cells had been charxted following
staining by thiondin after which they were decolourized with acide
aleohol and rvemtained by the P.A,5. technique) "many or perhaps most
of the mast oell granulen' gave a negative P.,A.8,. veaction. Dillie
interpreted hia findings L0 indicate that mast oell grenmvles do not
possess a mucopeolysaccharide ag a major component. Compton (1952)
noted that, in the homster, mast cell granules do not stain constantly
with P.A.S. and are more frequently unstained thon stained. That
author ccneidered that his results were to be interpreted in the
following ways: "(1) the homater mest cell containg no heparing

(2) the hamstor mest cell containe mainly the trisulfuric fom of
hepering (3) irregularity of oteining may represent different stages
of esterification duvring the gynthesis of heparin.' In the cage of
the vat, Riley (1953) stated that immeture mest cells (Type 1) were
Pl oS ewpositive and orvthochromatic with toluldine blue, while the
adult mast cell (Type 2) was P.A.S.enegative and metachromatic with
soluidine blue and quoted Jompes et al. (1948) who said that “heparin
monosnlpbate rencts with P.A.5. vhile the di- and triesulphates do
not." It wes conocluded by Riley that the Type 2 mast cells of the
rat contain only the higher sulphates of heparin and that those cells
ave derived from Type 1 cells which oxiginate in the adventitia of
blood-vesseln., Pearsge (1960) stateg that a positive reaction with

PJ.A3. is monifest only by that proportion of mast cells which is
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charactorized by metachromasie and that many of those cells develop
only a wesk coclour. He also refers to Joxpes gt al. (1946) who
showed fully sulphated heparin to be P.A.f.enegative. In the in-
sbence of canine magtocyboma, Head (1965) found that adult mast cells
wore both P.A.B.enegative and metachromatic with toluidine blue wheree
as the immature mast cell was P.A.S.~positive am well as orthochromatic.,
The steining resction exhibited by feline mast cells, charvacterw
ized, as the latter are, by metachromasia with toluidine blue, show
that they differ from the most celim of the rat, hamster and dog in
that the mature forms are P.AS.-pogitive, Such dissimilarity mey
he due to difference in the degree of sulphation of the heparin of
the foline mast ¢ell or it may be attxibubable to some other chemical
fagtoxr, or factors, as yebt unknown. Iﬁ thelr review, "Lymphocyles
and Magt Cells", Xelsall snd Crabb (1959) state it to have heen
Tound thet "differencesn in reactlong to the P.AS5. method ocour
(1) among mast pranvles within the same individusl and tissue (2)
in mast cells of different species end (3) in granules of a single
nest cell.” Those authors attributed the conflicting results
obtained by the varlous workers in the field to a variety of fectorn
that ineluded variations of technique, apropos which they aquoted
Compton (1952) who found that mast cells were negative after 15
minutes, but commonly becawne positive whon left for 2.5 hovps in

Schiff reagent. It was Compton who suggested that differences in
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Pslhefle ataining may be the result of "different funotional states
within the qell,” |

Thet feline mast cells conbain acld mucopolysacoharide is manifest
by thoir metachromsuin at a low pH (= 4) snd by their colouration by
aleian bluo with ohlorantine fast red as & counter stain (Lison,
1954)s The other staining resulis experienced are in accord with
those obtained by Compton (1952),

The amount of histamine encountered in this sexries of noxmal cabs
(13.0 T 23 })m. per gm.) ie in apreement with the walucs that have
been recoxrded by other workers in the field., Thus in the onge of the
cnt, Riley (1959) found levels of 20 /J@\/@n. of histamine in the
pepillaxy layer of the dermis where the mast cells are numerous and
of 6 Y eme/gme of histamine in the reticular layer where thome colls
are fow in number. Thoat informabtion was incorporated in a combined
mapt oellehigtamine profile of feline skin which served to demonstrate
the close relationship that existed between the two components in
cutaneous tissue. The lower histamine value of 13 ,nga/gm. obtained
during this work ls probably aseribable to the mode of extranotion of
histoemine from entire skin that was adopted throughout. In & come
parison of the histemine content of the various tismsues of the ocat,
Smith (1953) discovered that the abdominal skin of 10 cats yiclded an
aversme oontent of 20 ’Jem. of histanine per grem of gkin, which figure
is within the range of values obtalned in the present work and by
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In spite of the wolume of nesearch which has atiended the subjeot,
the role of the mast cell in noxmal skin ebill weQuirves elueidation.
The part played by any coll needs to be related to tho various .
chomical substanoes whﬁ.mi it popsensen and, colearly, the maot ¢rll ds
o rich souroe of histamine, a subatance of very high pharnacclogicnl
potential. A has been alvendy mentioned, mast cells may include
other importent au%%esta.mea such as heparin, 5-I¢ (in the instonces of
the monss and yat) and yarious enwyues. It showld be noted, however,
*&i}m not all the histamine of the body occours in mapt celle and thab
‘the foobtal biemue of various mumalien specien (Rosengron, 1963) ave
endowed with o high histanine-formdng capacity (HIN ), HKehlson gt ple
{1960) round that histomine was foxmed in pariioularly lazge quantities
in emineyonic rab liver in which the bistidine deenrboxylose lovel was
Cabkout a thousand tines higher thoan thal f;;&‘ nebermal livers In Hisouos
ondergoing rapid cellular mulbiplication, a high HFQ hae eluo been
obgerved by Hohlson st al. (1963) who, in thelr roview of the literature,
edte voferencen pertaining to the finding of a high HFI.in axnlayonle
tinnue of rats ond ailoe, in wound and gramdationebiissue in tho rab
gnd 4n man as well as in rab hepatona and in Velker rab memnary Cole
einonn.  In adult sheep, the gesbrio mucosa csontains approcliaeble
ancuntn of histomine, not 81l of which ia asscolated with mast colla,

while in the duodenum of the wat, whowre very few mast ceolls exist, a
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higbanine velue of 14.0 }Jg:.fg/ggr:m. hes bosn recorded (Vote gb al., 199).
o addition, the latter aulhoxs cbuerved that o fall in both the nnat
eell popvlation and the hiotawing concentration of the glddny Songue,
oesophingu, eocdis and. fundus followed btrontment of zoabs with mpmm,
48/60 but were weable do debact ony chengo in the histanine content of
the duodemam, thereby providing furthor evidense that tho hlstenine of
the latéor arxea is stowved in stamoeturon nb&m‘g than the mast sollo,
Viile thore 1o faiely concluaive procl thet wantegelld histamine
in uwtilized o a vosodllotor in bisosue injuny, convinoing ovidence
bag yot 0 Lo presentod thot the mast coll has a speeific Luoetion in
aorned tlosue. Howover, Gcheyer (1964) was of the opinion that tho
vesodilotatlon of exerclse was produced mostly by bistawine fomed in
the tioonuos added, peasibly, bWy sonll guownty contributed Liom the
tigsue nogtecolls,  Riley (1962) proposed thab mesberell hiotamine
ployed an dupoxbent part in the metebolisn of econnectivoetisong.
e theoxy axvose out of gn enxlior obpowvation, zceoxdod by Riley and
oot (1955), that & loonl wone of conmnectivoe~tisone Yaobivation”
dovolopaed azound mﬁ gren of mast ¢ell dewage in whish thoe connaellvow
Yiosue colls becance swollen, basephilio and ampobold ond ovenbuolly
vapenbled oolls dn o tlosue~culiure. A sinilay resobion iun
nesenchymal btlosus was predncible oxponimentaliy in the zslt ond nouee
by dIntzaporitencsl injection of both histawine and heparin althovgh

intravenous inooulation of those pubplsnocyg £ollod to ellolt any



rvonchions Sueh findinge led Tiley (1962) to postulate n monbecoll
gyole, in which damsge to nmant collo as o result of ticews injury led
%0 the velease of froo hlshtomine and of granules containing heparin.
Diffusion of histamine oo Liherated wos considered to otimilate |
phagooytiie achkivity on the pont of adjacent nesencbymal cells which
Phon ook up end metabolicad the heparineconteiniog gronules. The
lattor served to ocxedte the aotivetod connectlve tisoue-cells to
produae frosh micopolyoncgharide, which meborisl conteibutes o the
formntion of exbrae=colluvlor ground gubsbance., That, in twmw, nuy

ho broken down and rebullt into nevw mast coll granulos whexe the
histamine and heparin ara shored fop release. Puwbton (1963) avrdved
ab o somewhobo sinilor doneluclon, nanely, that "the Dunobion of wass
cells ig fo venove on segregnbo none kind of polysaccharide and othen
rolabod material fron the envivenment, pathon than o seorete.”

Since bhopaein io the medln nueopolyoagoharlde pregsent In the mant-osll,
it privery fimotion appoars to ko concerned with connoeobivoe-tisoue
nobobolisn and ite anbicoagulant properbty may o of gsecondory

importanee In speclos othor than tho doge



Pig, 15 Four-point assay of exbtract of ent alin,

A = 0,05 mle extract (U) € = 041 nls extract (U)
U = 0,08 ml. stendard (H) D = 0,15 nle stendard (1)

Standerd solution conteined 0.2  g/ml. histamine
bhago. ‘ ‘
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Tige JA,  Dowsel skin of cat. Hote large aetachromatie
‘ pelyhedrol) mest cells in uwpper derminm. Toluidine
blue, x110
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at bape of halrv-follicle. Puoliley %400,
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THE EFFRCT OF CORTICOSTEROIDS ON THE SKIN OF WHE NOWMAL CAT

(1) ERAMBIHASONR
Introdnaiion

The adronal covter eynbheslzen o complex mixbure of sherodds, of
whioh Zthivtye-four have now boen loolatod although some of them are
probably inbornediate subatnnces ox desradation products producced
dopring the elaboration of true horaoness  Thoge gompounds hove boeen
olnonificd by Lowis (1960) into:

() "The mineralocorticoids which control oalt and wator bLalmnee in
the body by en effect on the ronol tubules and which cause retention
of podiva, ohlordde and wators they inorease the plasme lovel of
sodium and roduce that of potaseium, Impoxtant membexrs of this group
are depoxyeorbicosterone md aldostorone,

(h) ‘ho gluaccorticoids which dneraase gluconcopenosis bub hoave
1ittle effoot on n0lt and %mtaw bolence. They dnhibit vhe formstion
of anbibodien and reduce tho reaponuse of the tiasuen to inflamoabion.
Thio group ineludes eortisone, cortlcostercone, 1T-hydroxyooritlicosnterone
and 1ledehydreocorticogborone,

(o) "he oox hommoness oentropons, androgens and progestorons.

Although the horxmones of Gaoupn (o) and (b) ave mmiually
snbagoninitic, the nineralocoxticoidn have been shown 0 pessess sons

glucogoriicoid achivity and vieo vorss,
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Important among the actions of the corticosteroids, especially
eortisone and iwdmeai:tiaam, in their anti-inflammatory and antie
allergic activity., The exact machanism of that protective funotion
remains unknown but White gt g). (1961) have suggested that a number
of faotors may be Involved, promincnt among which are changes in the
pormeability of the membranes Qf both cells and mitochondria.
Tvidence that cortisone may yaasma the property of stabilising
lynosomes in xlye is to be found in the fact that treatment of
rabbits with cortisone prior to administration of vitamin A inhibite
the lytic effect of the latter on cartilage (Thomas et aley 1963).
Injeation of nradnisolone into one knee«joint resulted in selective
protection of that artioulabion, indiecating that cortisone acted
direotly on cartilage. The injurious effect of viteamin A on care
tilage is believed to be the remult of the relesse of cathepsin from
the lysosomesn of intact cells., Fuprther evidence of the protective
effeod of cortisone on lyuosome structure has been provided by
Velsoman (1964) who showed that pretveatment of lysosomes with hydrow
coxrtisone lu vitro and ip vivo considerably retarded the veloage of
enzynes following ultra-violet irradiation.

in the a@xx of normal animals treatment with cortisone or lte
pynthetic annlogues elieits a number of interesting chonges. Thus,
Ghadially snd Green (1957) have shown a marked decreage in the epidere

pal mitotic rate to oconr in the mouse, Other authors have deme
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ongtrated a decrense in epidermal thickness and atrophy of the
gebacecons glands and hoirs=folliclen.  Asboe-Hansen (1952) has
reported the finding, in the ceope of cortisone-~trasted skin, not oniy
of a reduotion in the ideniifiable mast cells but also of morpho-
logionl changes whioh included diminution in size, degranulation and
vacuolation. According to Brody et gl. (1953), regrassion and elmost
complete disappeayance of mast cell tumours occurs in the dog as a
pequel Lo cortisone theorapy. Hore recently, Zashariae (1964) found
that a fall in the histawine content of humen skin followed admine
istrotion of betamethasone by the oral route for 14 days, whioh event
wan considered to swpport the hypothesio that tissue xescexves of
histamine are, in part, megulated by the adrensl cortex.

One of the main problems in the use of stemoiéa as therapeutic
agente in non has been thelr tendency to produce delsterious changes,
the more important of which have been listed by Robson and Staoy
(2962) ap followst

(1) Aotion due essentinlly to excessive mineralocorticoid

aebivity, i.0. sodivm vebenblon, potassium loss, oedena
and hypertension,

(2) Othexr excessive metabolic effects, i.c. osteoporosis

and nitrogen depletion, dovelopment snd accentuation
of dianbetes,

(3) Adverse effects on tissue repair and healing, notably

paptic uleexation and iito complication, inoreased

1iability to infection,
(4) Complications due %o inhibition of the anterior



piluiiaxy, and notebly of corbicotrzophin scoretion:
those ooouy on cessabion of treatuont,

In on atterpt to ovoreons thooe diffiowlties o nunber of syne
thetlo oboreids have been propazod although in come coses thege hove
been found to produce new Hozie effcets. Amond those gubslboncesn aye
predniscione and prednisone, deoxivates of hydeccortisone and ¢orbisone,
vospeotively, which ave four o five diwes ap active ag cordisono in
roppeet of glucosorbicodd sotivity. and anti-inflaomuntory ackion but
do not exord any ineveased minovalocorticoid action go thoat tho
effects on sediun mebendion and pobtassiun dapletion oxe %’Aiiiﬁmiﬁé@ﬁs
Other gyndheblic steroids imclude triancinelone, fluworghydrocorhiicons,
deznmethasone and botanebhasone, The rationale Involved in the
alaboration of the now synthobic stovolds has been the Linding thetd
ninor altorations in wmolocwlew structure may ol once greally evhance
thely anbi-inflapmateny effeet and wvoduen their nineralocorticolid
aobivity. Botamethasone, {(16-nothylegefluore-l, 2edehydrocoriiool ),
potontly entieinflonmatory io aotion and conpldezably wors aabive
than gorbisone although of reduced mineralecorbiceld offect, vap used
in the pregent cxperiment on cob sliln in oxder to sbudy the histow
logioal changes vhlch £0)low oowticosterodd thorspy end %o allow
pubgequent comporison with tho altevations produced with cortisone
aootabos.  They will alao boe comparsd with the woswlbe prodused in

other species of aninal by o pumbne of woxheorg.



Twelve adult male oats were used in this experiment, Bix served
as & conbropl grovp while the remsinder wowve given 0.5 mge botamethasone
by aubm.xtméoua injection each day until death. The animals were
killed, by intravenous adminlsirotion of nembutal, at intervals of
10, 21, 36, 47, 59 and 65 days, one treated and one control cat being
gaorificed on each ocoasion, Haoh experimental animal was weighed
bofore the sisrt of the experiment and again immediately before
death, TFoxr histological examination and for measurement of the
epidermal thickness samples of skin, %-inch sguove, were taken from
the dorsum, the mideabdomen and the lateral thoracid wall., &An
additionel omall sample of dorsal skin was stored at =20°C until
required for histamine analysis. The skin was fixed in piloro-~formol
solution for 24 hours and then processed ao has been described in
Section I for normal skine. Poraffin sections were out at 5 mioxons
and stained by haemalun and eosin, pericdiec acid-Sehiff, (Lillie,
19%0), aldehyde-~fuchsin, (Gomori, 1950), toluidine blue (Gomoxi,
1952) and van Gieson. Counts were made of the mast colle in the
npper part of the dernis of sections of dorsal okin stained by
toluidine blue at pi = 4,04 The total number of mast cells in ten
high power fields (x400) was ascertained and the mean of that figuve
was Laken as the masgt-cell value for the piecte of skin under cone

sldexration,
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& oalibratod Wild, Model MZ0ERH, mioroscope was used to measure
thoe epidernis of ohin scotione from each of the three arvess mantloned
abkove at tne places chosen ot xandom and 4he mean of eanch Ten measuloe
monbe wan rogorded oo the opidermal thicknoess of tm-ﬁ; mz:"éiaul&m piace
0f okin. Tho average of the threo neans was ﬁ&km a8 the epidomal
"indox of thicknens” fox sach oab. Anelysis of varlence (Snedecor,
19%9) was performed on the moan values obbained in each of the three
arens to dotornine whether, o not, any significant difference in the
vooulto obtained, The atudent '4' test (H411, 1961) was applied to
the figures obbained from the two groups 40 ascextaln whathow, ox
0%, thore was any cignificant difforence in values, The histomine
gonbont of the skin was defexmined on the atyropinized guinos plge-

1lewn prepnyation as already desoribod.

Roslbp

in the ents under troaitment, the epldermis showed o marked decrense
in thicknoso sand the cenatituent cells had sssunod an elengated
appensanco with only oacasional nuslel to be geon here and there. The
changes wore nost coneploucus in the girotun seoainativin ond the
whvn poinoown {Fige 20) whilo the giratwn zranulosun, elvhovgh atill

pragsent, was dlacontimious., Appreciable aliteration of the piyxatun

CEATS

gomonn wag not obaexved, The pobaccous glends appeazed smallor in
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gize and thexe wan csvidc:mﬁ. of inoreased collular breskdown, pyknotic
mocled m:img;; more gommon than they are in normal glondm,  In pll)
poarto of the ekin, the oytoplaom of tho cells o:;;‘ the sebacoous glonde
wan vasunlated and wonkly stained and, in the case of thcé supracaudnl
organ of the toil, large, olenw ppaces propent in the centyal part of
cach gland indicated oxcoessive brockdown of cella.

The holrefollicles wore atvophled and most of the socoeclated
tulbe were in the ocatagen phase in which the outer reot-shesthe were
distorbed. A feature of the halv«bulhs was thelr almost complete
ieck of pignentation. '

In the group of trented cate the index of epldermel thickness
(Mol 3) wen 0.9 A 1.15 nlovons while thot of the contzol group was
13.) T 141 microns, a difference which was found bo be significant
by use of the '£' test, (p = < 0.05).

The chonges in the dexmis cousisted mapinly of fragmentation of
the elastic fibres together with a condonsed appearance of the collagen,
tHowt of the mest cello werae of normal structure but a few woere vaouolatod.
In all the oate, adipose tissue was very much reduced in amount and
Little, if any, fat woe viglble botween the doxmis and the cubteneous
mugele

(b) Histom

The wesulits of this pavt of bthe investigation are given in Table

4e The rast cell wvalue of the treated group was 6.5 b4 1.4 with a
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Tobla 3
GHANGES IN WPIDEMNIAL THYICKNEDS FOLLOWING BETMMETHASONE THERAPY
Day of Cat No Preatod Cat To Control
Taath ’ ¢ ' ‘ ¢
10 1 10.6 miemm 1 13.1 nicrons
21, 2 2,03 " 3] 13.4 "
a6 3 Qe . 9 14.9 "
a7 4 Te6  ® 10 | 145 ®
59 5 Dol " 11 11.6 o
65 6 0e16 ¥ 12 11,16 ¢
Total | H53.79 ¢ 18.66 %
tlean |849 g 1.5% 13.3 4 le4%

% Htendayd deviation
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HISTAMINE AND MAST CELLS IN SKIN OF

NORMAL AND BETAMETHASONE TREATED CATS

Treated Control
Day of Yo Mast Cells Histamine Yo ‘Mast Cells Histanine
Death * 1 (10 fields) (f:gm./gm.) * 1 (20 fields) | (peme/em.)
10 1 | not counted 12.5 T 645 9.2
21 2 6.5 14.1 8 3.5 11.2
36 3 8¢5 20,0 9 6.8 10.2
47 4 4.5 8.13 10 9.8 10.3
59 5 6.0 1440 11 10.5 15.6
65 6 6.3 1644 12 6e5 Te2T
Total  32.6 85613 43.6 6377
Mean 6.5 < 1.4%| 14,5 3 3.9% 7.2 T 2.5% | 10.8 T 2.8%

# Standard deviation
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histamine content of 14,5 % 3.9 [ t8s pox gran of skin whilo thot of
the conbrol cats was 7.2 L 2.5 mapb oells pexr high power field and
100 L3 247 M e of hisbamine per gyran of ekin., Beth pairs of fige-
ures ove well within the nornal ronge of values obtodined from 20
noxoal cats, nanely, 13 Y 2.3 ,uams. and 7.7 T 1.8 mast celle per high

powor Delds

Lincunsion

Undor the conditions of this experimont pavonteral) adminintration
of betanothosone was. fauml' o produce marked changes in the epilthelial
components of the feline skin. The greatent slteration ocovrred in
the epidexmis in which {the celly became elongnted and fattened with,
in somo press, abuence of $he nueled., Reduction in the muabor of
eell loyers repulted in mavked thinning of the epidexmis {Iig. 20).
Such ragults onre in agrocnent with those obtained in the rat by Bakexr
omd Vhdtaker (1948) whe experionced a deoxenee in the total thickuens
of the skin, attzibutable to dnminviion in slze of the papnicujus
addposus and thinning of thoe epldornis, following parontereld
adainistration of adronocoxiicotwophine The authors considered the
phove effecto t0 have been nedianted by the adrvenal glands and, in
support of that viow, oited the findings of Fvons et al. (1943),
namely, bhat inhidbition of growbth did nod oeour in adrenslectonized

zate in consequence of twentment with adrenocorticotrophin., Castor
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and Baker (1950) found a thi;ming: of the epidermis in the rat afber
prolonged percutancous application of adrenoccoriical hormones. In
mele rotg, atrophy of the epldermel cells was congpicuous but in
female ratso reoults were inconclusive as fer as epidermal cell sigze
wag concermed indicating, perhaps, a sex difference in the response
to corticostoroid therapy. In the presént study, in addition to the
epidermal changes there was a noticeable degree of atrophy of the
pilo=sebaceous wnit in the cate Such a change is in sccoxd with the
finding of Morill and Hermen (1961) that, in mice, daily subcutaneous
injections of cortisone inhibited the growth of hair in plucked areas
of the dorsum, which latter procedure would ordinarily have induced
hair growth. Vhen treatment was continued for thirty-three cone
pecutive weeke, it was found thalt cortisone inhibited the develope
ment of new haeir but did not come to affect the natural growth slready
in progress until three or more days after the injections begen.
Moreover, during prolonged steroid edministration the inhibitoxy
effect came to an end and, after a number of months, the plucked areas
beoame completely covered with halr although continued administration
of cortisone affected the character of the new coal, which latter
monifested bizarre pattermns due to patehy differences in the length
and density of the regenerating hair. That finding is of partiocular
interest inasmuch as . o similar response may cecur in the cat. Thus,

the thinnent epidermis was present in eat No. 4 which was ssorificed



after 47 days of treatment and thore was an increage in epidermal thicke
ness in subsequent animals albhouwgh the values ndver reached the lovel
of 13,1 T 1.4 nicrons that distingmished the conbrol cats. However,
guch informatlon cannot be conaideﬁed‘eonclusiva because of the few
animale bthat were involved in the experiment.

85till largely unknown is the mechanism by which cortisone brings
ahout the aforesald epidermal changes but one faatnrlmay be depression
of the mitovic rate, as has been deseribed in the cage of the rat by
Ghodially and Green (1957), resulting in rveduced celiwlar proliferstion
and defaotive_replaaemant of cells which are normally labile in
character. The phencmenen of depresgsed nitotic activity in the cells
nay be a sequel of increased catabolism of epidermal proteins ariging
from continued coxrblcostexroid therapy.

L% is of dnterest that in this expeviment betamethasonc failed to
produce any appreciable effect on the higtamine content and the nasgh
cell counbe of the skin. The yesults obtained of 6.5 & 1.4 mast cslls
ond 14.5 ¥ 3495 flgms.‘hisﬁamina per gram of skin in the treated animale
arve comparable to the values of 7.2 P 2.5 maat cells per high‘power
field and 10.6 & 2479 /;gm&.‘hi%tamine per grvam of skin in the control
group, allowing for the degree of variation inherent in the mast cell
counting btechnique employed and in the method of blological amsay used
for histomine cetimation. Histologically, in the case of the cate

under treatment, most of the mast eells were of normal appearance and
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only a fow exhiblted voounlation of the oytoplesme In the ilnstonce
of cat No. 4, whioch exhibited the thinnest epidermis and which wag
killed aftor troatment for 47 days, the mant cell and histamine values
wore the lowest of all, Investigation of o larger group of snimalp
is essential io order to test ihe hypothesis that in the ootb, Just as
in the zat, prolonged covticosterold therapy ie likely to render an
andmal refrackory to the depressont effeot on mitosis and, if so, to
detexmine shether, o not, that influence is exbtended 4o the histamine-
nest oell component of the skin,

Anothor fastor which way explain the failure of botanethasone
to produce a profound fall in the higtamine snd maet oell content of
feline skin is tho dose of the drug employed. Thun, ‘ez:mh sat of
average wolpght 2,719 gms. received only 0.5 mpme. of bebamethssone
daily in the above experiment in contrxaost with the much larger amount
of 2 mgue per 10 ﬁ;z:ma moute welsht of cortisone acetate used in the
experinenta of Ghadially end Green (1957). JFwven sllowing for the
sreater potency of betamethasone each ont receivad only a small ancund
of corbiconteroid compared with that given to mice in the experimonts
guoted above. It nay well be, therefore, that in some species of
animale very layge aspounts of cortieone reguire to be adminimtored
before desranulation of west eells will occurs In that conncobion,
it ie not without intexcet that Bloom (1952), in the btreatment of

poning mastocoyboma, gave 100 meg. of cortisons dally for 9 doym %o
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effect o ropid regrossion inv olge of the lesionn so that by the ninth
doy thoy had complebely dimappoeaxed. Right woeks lober, however, thoe
dog hod davoloped a new nodule which the author prosumed 0 be a
mapbegall tumour.  Trody ok gl. (1953) reported a diminution in the
slze of mant=cell tunours in thyeo doga to have abttended the use of
arownds of cortisone einilay to thooe employed by Bloom hud in each
cape o degrense in dopage or cospation of ﬁherapy wan followed by a
nerkod incervesne in tunour side which eventunlly neoessliabed enthananisa,
Thug, feline skin rooponds to botomethasgone by the onset of atrophy
of the epidermisy the haivefolliclos end the sebacecus glonds in a
nommer similor do that mﬁimm%aa in the rat and mouse, The com-
pavatiively sanll dose of betumethasone weed in this oxperinment, however,
foiled to produse ony nerked change in eithor the mastecell population

gr bthe conbtent of hietanine.
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(2) A COMPARISON OF IR BFFECTS OF CONTISONE ACKPATE
AND BETAMEDIASONE ON THE SKIH OF THE AR

In the preceding éeaﬁim,’ it vos shown that betemethagone admine
isterad ot the rate of 0.5 nge duily over a period of time vorying Lfronm
14 to 65 days failed to produce & gignificant fall in the hiastowine
conbent ond the nastecell population of leline ekin. That nogative
vagult may have been due to chenionl differences botwoen éo:r:tiﬂum
aoetate, whleh has been shown to produce degranwlation of wast cells
in the dog (Ploom, 1992), and bebtamothasone or to a specics difference
on the pork of most cells or to the comparabively small dose of
botanethasone that was usod. In onder fo tost whether ox not there
i a difference between the aotion of cortisone acetate and of
betoamothasone on feline mact colls as well as to asseas thoe effoct of
& higher otoroid dosage on the histomine and mast cell components of
the gkdn, an experivent wos conducted on elght adult nmale coba,
divided into two groups of four, one of whioh reseived corbisone
acetate and the other hetanmethasone by dally suboutaneous injection

for 195 dayae

Two groups of four mele osbe were used for this expeximent, Iach

eximel oo modndtained din 1to own coge and fed on o diet of timed meont,
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mitk and water. The fixat group was given cortisone acetale by sube
cubaneous injeotion at s mi:é of 25 mp, dodly for 15 daye, while the
saoond group received 3 mi. of bebtanmethasone daily by the same route,
The smallaer amovnt of bhetamothosone was used because thalt dmg ie
conslderad o be much more potent than io cortisono acetote,

Prior to Ltveatment, a Mg)la of dorsal skin was token by biopsy
ond fixed in piloxo-formols A% the ¢lose of t!mmpy, twin blopeics
were romovod from the came arves of the bodys fmn one of thove the
histanine wop extracted and estinated on the oxygenated guinen pige
ileun preparation and the othor was fixed in pioro-formel solution
for processing in the menner descyibed in Seotion I. feotions wero
out a2t & thickness of 3 microno perpondicular to the surface ond were
ghained by haomolum and etwing by perdodic aclidefiohif{ as well as by
toluidine biue at pH = 4.0,

Both bofore ond after treatmont, mast-cell counts were nade on
the toluldine blue stained asoctivas in the manner desoribed in fection
T, 2o The bistamine value (13 % 2.3 ﬂ@aa/@n of nkin) obbtained from
the twenby nmommal eaty as detoiled in Seotion &, 2 was used os a cone

$30l for the results obtnined Lrom the treated sniualse,

On histologioal examination, the skin chowed thinaing of the
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Table 5

GROUP 1 - CORTISONE ACETAYE
(25 mgms. daily for 15 days)

Mast Cells Histamine
Cat (Mean of 10 fields: x400) (peme/en.)
Ho.
Before Treatment | After Treatment| After Troatment
1 6.8 6.8 9¢3
2 87 Te9 8¢5
3 9.8 1045 13.6
4 7 L 6 5 . 7 13 ® 0
Total 32-9 3@09 4404
Meen 8.2 % 1.3" 7.7 % 2.0" 11.6 ¥ 2.5

* Standard deviation
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aopidernis oibiler to thet seen in the oats trontod with 2 low dose of
betamethoesones 4 fow maot colis oxbibited vacuolstion of the oyloe
plagr but moest of thom woere nopmsl in sppearance and exhibited o well
graomglated metachromatic oytoplesn in seoticns ateined by toluldine
blue (Fige 21)e  Tho hiaﬁamina contont of the skin renged fron
8.5 = 1346 e/ of skin with o noan velue of 11.6 = 2.5 pefees
while the mest cell counts yoanged from 6.8 to 9.8 per high powor
(2400) £ield with a moon of 8.2 * 1,3 (Yoble 5). Those figuren were
not significantly different from the normal histamine wolues of
13 & 2.3/Uggﬁg. akin and Te7 5 1.6 mast cello that weme obtained in
raspeeh of 20 normal coto.
(v) Gzoup 2 = Batumobhasone

A wirilar but rather wore extreme ateophy of the epldermis was
noted in this groupe  Although differentinl counte of vaounleboed
and nownsl nast cells wove not sarried out, nore of those colles
appearod to exhibit vacuoletion and degramulation of the oytoplasm,
as 48 Llloateated in Pig. 22y yet mony mast cells were of nommal
appearoncs.  The bhietomine content of the skin in this serdec showed
a drep 0 8 group mean of Gl L 2.04 /J &/ge of akin with o renge of
4e8 10 Bad }}{g/@;- of akin while the mast cell value for the group had
follon from De3 « 1 t0 Ged € 143 colls por high power £icld (Tuble 6).
Use of the 'tY tent rovesled the fall in the histamine ceontent to beo

slendficont (p = < J01) tut thewe wes not any eignificant differonce
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Table §

Group 2 -« Betamethasone
(3 mg. deily for 15 days)

Mast Cells Histamine
Cat (Meen of 10 fields: x400) ( 7 eme/ene)
No.
Before Treatment | After Treatment Aftor Treatment
5 863 6.8 | Tel
6 Te2 4e5 4.8
T 906 504 400
8 8.1 Tel 8ed
Total 33.2 23.8 24.5
Mean 8.3 327 6.4t 13" 6.1 % 2.0"

# Btandard deviation
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in the mast cell volues befora, or after, trestment.
Hoongolo

The foregolag reeulis indicnte that betamethasone given sube
outoneously to. the cet at a roate of 3 mgms. dally exerts a more pro-
found effeot on the mastecell population and the histamine content of
the skin than does an amount of 25 wmgmse of cortisone acetate similarly
administerads Hinoce, in Loth groups of animele, the epidermis was
affeated more than the mest oella, it would appear that the latter ave
nove nesiotont to the influence of corticosteroids then ave th@'v
opidermal cellas  Such an effect noy be dus to the faet that the cells
of the eéid@rmia have a higher rate of turnover than the mest c¢ollo.
Howevor, the degree of mast cell danage is probsbly not pefleoted in
the mapt cell values obtained oince it was dlfficult to decide whether
golls ghowlng mild degrammlotion hed been aignificontly affected by
the stenold therapys. Heverely affected cells were cortaninly %o be
soen {(Fig. 22) and, moraover, manifeeted that vacwolation of the
gytoplaom which had beon noted in tho mast ¢ells of man, probbitse, mice
and guinea pigs by Asboeslonaen (1992)e  That suthor, howaver, did
not carry out histewmine estimations as part of hio investigebtion.

As o pesult of oral adwiniatration of 2 nmge betawethasone delly for
14 doys, Zacherios (1964) caused o reduction in the average histomine

gontent of apparently normel humen skin and suggestod that the lowered
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hWiatanine content mey partly explein some of tho thmxa@eﬁtic eifeots
of glucecorticoids on humon skin. Feom the procent experiments it
would sppesr that, in tho oat, botamethasone affects the histamine
contont of skin more potently then doon cortisone acetabte. Comparison
with the wesultas of the previova exporiment shows that the degree of

regponse to botomethasone varies with the amount administored.
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I*Sﬁmixl wast cells in fe'ilﬁ.ﬁﬁ\ﬁkim Toluiding
blue, x1000. . .~ o

last cells in feline olkin following administration’ -
of betomethasone. Uote degranulation and vacuolation
of tho eytoplosms %oluidine blue; x1000..
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LOZEMA TN THE CAT

Introduction end Review of Literatuve

In this section the changes encountered in the skin of cats
affected by eozema have been studied and compared with the lesions
that have been found to occur in both naturelly occurring and exw
perimentally produced allergic reactions of the skin in men, the
horase, the dog and the gulnea~pig. Mterations of the histamine
contoent and the mast c¢ell population of the skin have been evaluated
as.wall a8 the therapeutic effect of betamethasone on feline eczema.

According to Lever (1961), in humen dexmetology the term
dermatitls and eczema are used synonymously end wefer to that ine
flanmation of the skin which is the vesult of an allergic response
40 a variety of agents, Including chemicals, proteins, bacteria,
fungi ond ectoparasites. The exeiting allergen may act on the skin
from either the oulside or the inside of the animal.

Various forms of eczmema, or dermatitis, have come to be regoge
nized snd ore simply classifiable as acute, subacute or chronle in
type. Clinicaelly, acute dermetitis is distinguishable by primary
lesions which consist of mecunles, papules and vesicles. Coalescence
of macules and papules tends to produce diffuse areas of erythema.
secondoxy changes comprise soaling, crusting, lichenification and

fiasuring. lLever noted that areas of dermatitis are not sharply
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dormoweated fron the survounding okin with which, idn fact, they tend
%o merge In a graduel mannere In noet caves, a modorate to sevoere
prupitue is present.

Poroivol, Montgomery ond Dodds (3962) vonsider that, fronm o
slinioel standpoint, eczome mey boe zeparctod into eeveral wolledofined
grounsy each of which oxempiifics o single process, the eogemns rosction,
of which tho olinicel Lestures, prognoois, incidence snd responae 1o
trootnont aﬂavsimil&r irrespeotive of the nomonolature adopted by
different authors. Fuprther, the eczematous reasction alwuys preoconts
the asame besle histologlesl pattern rogerdless of the olinlesl group
from which the tissue has boen obicined. Thus, the chonges are lecoted
mainly in the epidermis end the vasoular and celluler reeotions of the
dernis seem 10 play o minox vole. The epidermal discrder in
assentially one of wide s&pawaﬁiea of groups of cells of the yata
mugosun by codomatous fiuld, which proooss is known ao sponglosis.

In mone casony colla ove complotely detached from tholr neighbours.

Thooo ohangos appeax to rosult from the action of on allergen
on an epidermic which hag an inhevent on coquirad alleray towards
thes oubstones.  The allerglic rosponse due to o single contnet with 7
the allergon porsiste for an appregieble tine and, 1f such contaot io
wopented, the duration of both the resction and the olinical cozema
may be corpespondingly prolonged.  Coppell (1964) considers the

dnitdol lesion of eozenmo %o Lo en dntorcellulor cedema which n»esulis
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in zeporabion of the prickle cells followed by lymphooytie inflle
teation together with degenaration snd liquaeffeetdon of the cells and
ultimate formation of intrae-epidermal veslicles., Conlescence of the
thin vaéﬂ.eulam walls giveo yise to larger vesicles op bullae, within
which fibrin clong vith degencrated epithelial cello, polymorphoe-
nuglaear léukaeytas ond lymphooytes ara to¢ be found while parskesntosin
dovalops as a zesult of interfarence with the nuteition of the ghrotum
corpowms  In the dexmis the main ohangos comprice oedems, vapculay
diletation and congestion accompanied by perivascular aguregration of
lymphooytes, eosinophils ond polymorphonuclear leuvkeoybes. |

In pubaoute eczeme, the vosigles are less ovident while aaénthwﬁa
and porakeratoois bovomes more moarked. On the surface of the lesion
there 1o an exudate composed of a mixture of fibrin, dogenorating
loncocytos and baocteris. Rupture of a superficial vesicle moy oxposeo
o dexmal papilla covoered by fibrin and debris, conetituting the
so=qolled Yeozemsa pit'. The ‘shronie phage of occzemn is chowactenizod
by movked seonthosls with elongation of the rete ridgos and by hypere
karatosis and perakeratosis. Intercellular oedems may still he
vieible but vesleles arve abnente

In the dog, ooczema oocurn very commonly end is asoooiated with
as wide a vorlety of oxeiting foctors as in manm. Thug, Roy (1954)
hao postulated that the sweat glands may pley a role in dogs alfoctod

by hyporhidrosis inasmuch as excousive secretion of alkeline aweal
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(in normel dogs the akin’haé a pll 0f 5.5 t0¢ Te2 Wt in hypoerhidrosis
thare may be a pH of 842 to 0.9) may 4rritate the epidormnl ourfnce
end 80 couse ecgematous lesions. Jenndngs (1953) has briefly dese
oribed instences of acule moist eczema in the dog in which the lesions
wore oiroumecribed, hot, painful and oedemnious and wore accompanied
by exudostion of serume Vesloles were not seen in those oases. The
aeticlogy of canine eczema remeins obscure although n relationship
with infestation by fleas has been postulsted by Holmes (1933) and
by Bugh (1947)« loveover, Jemunings (1953) found 24 casos of conine
eozamn out of a total of 93 to be assoolcted with similer infestation
wille other 15 animals were porasitized by lice. Sohworizunen and
Oukin (1962) doseribed an ncute moist eomoma of the dog that was
usually eomplicated by secondery baoterial infection and declered it
0 be initinted by hyporsonsitivity to flea-bites, remulting in
pruritus that led to selfeinflicted leclons which became infected by
booterin. Suoh a condition wos designated Ypyo-traumatic dermatitis®,.
The same oauthors aleo omployed the expression, “chronic fleawbite
dormetitis® op "esunmer ecpema’ in peforence $o a dimorder which they
- ageribed to flea-infestation and {loasbite hyporoensitivity ond conw
saquant self=-inflicted trouma. Gross oxeminsbion of that condition
vavaaled ereas of okin on the lowsr part of the back which were
erythenatons, irregularly plamented and hed o thickened scely appsay=

anes. At histologloal examinotion, sections of skin showad hypore
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keratosis and porekervatosis with occasional abscenges below the
atrotun cornoums  In the upper part of the dermis there was a
¢oelluloy infiltrate composed noinly of lymphooytes, mecrophages and
plasme cellos  In the midecorium, macropheges, polywmorphonuclean
¢ollo, plooms cells end moot cells were evident together with #
concomitent hyperaemic.

Jonmndngs (1953) conaidorod eczoma to be o common dimosse of
oato with o clinlcal pioture closely rpesombling that of conine eoczoemo.
e montioned the=£req§anﬁ assoolation of the disorder with ingostion
of fich bub pointed out that meny cats were not affeclted by & simller
diot and that, In a serdes of 12 offectod andmels, 6 4id not roceivs
any fish while other 6 were oo fed only on ococonions Agsin, animele
with the dineuse wore cured while they were mainbtainod on o diet com-
posed enbiveoly of fish. The sene auﬁhor. oub of 76 cases of foline
gozens, was able %o demonstrote fleoae-infestotion in 61 cats, an ine
oldenca of 6042 por cante, ond in the instance of one mndmel, which
hed never had the dleesse, induged cozeme oo a result of the xelease
of § DNens into ite conts Within foure waeks the animel hed developed
pavora eczenn from which it recovered two weoks later following treate
mont with an inseoticldes In this comnoction, it is portinent to
mention the oxperimenis of Budson gt ale (1960) in the guinea=pigs
in which onimedl locel cubtoneous hyporsensitivity developod in roge

ponan to {les~bites. Furthermore, guinea-pigs sensitized by bites



of the flea, Ctenocephalus sﬁliﬁv developed within 5«7 days a hypore
pensitivity which was menifested by delayed skin reactions characters
ized by induration and erythema at the locus of bite., later E@njamini
et ale (1960) used extracts of fleas to ehow that the response was o
gystemic one in which reactions of both immedinte and delayed type
were elicited.

Mnother factor contributory to the causation of feline eczemn
may be endocrine imbalance. Thus, in the British Vetorinary
Asgociation Handbook, "Aspecis of Skin Digease of the Dog snd G&ﬁ’,.
(1961), testosterone deficiency as a cause of milinry eozems in the
eat io diaeuéa&d and good resulis are reported to have followed
- treatment of such animals by means of testosterone implants,

The olege corvelation bebtween the magt cell population and the
higtemine ocontent of the skin in the normel animal as well ag in
pathologicsl conditions has been demonstrated in mony specics during
recent years. Thus, in the case of a mast cell tumour, that was
removad from & ten year-old female Cocker Spmniel, Riley (1959)
obtained a higtamine value of 1,890 /ngg. tissue, an extraordinarily
high value compared with that of normal dog skin which is uounlly
only %10 /Tg/éo The same tusmour was found to have the high heparin
valuo of 110 d.u./ge, & figure which is more than twice the heparin
content of normal ox-liver oapsule which yields up to 50 i.u./g.

Although haemorrhage was not noted at suxglical removal of the above



tumonw, dospite tho prosence of such lavge amounts of tho anbicoags
nlent hepawin, Bloon gk al. (L958) roported a prolonged olobting bime
0 heve chapacterized a eerios of coses of canine mont cell Hunours.
in the justanco of the sat, Riley (1959) mentioned throe eagos of
mostoaytona wirvleh wore associatad with high hictanine voelues althougn
Plpuren for heparin rolating to two of the animels wexe vory much
lower then those for the doge Increased nunbers of mest oells have
beon noted in o nunber of @hménia inflammatory conditions of human
oking, Q.ge Aoboo=Honsen (2950) noted o higher popwlation of those
aalls in nourodematitin, lichen plonue, uwrblearia ao well as in
aoute ond chronic oozONN.

Hegoune of tho above findings ocnd in view of the faol that in
chronie foline conoma large numbers of nmast cells ave prosont in the
demis, it ven deolded to dnvestlgate the histomine oontent and the

napt oell population of the skin of cols ouffering from the aaﬁﬁiﬁien.
Mntezinle and Mothods

50 onte affeoted with eopenn wore exemined at a snell animal
clinie dn Glacgow. Tor eazoh animal, there wap completed a olinical
record aonbaining deballs of gox, epge, duration of ilinops, dioe
seibutlon and desoxiption of loslong, prosence ox abgence of externcl

pazosites togother with on ouiline dingram of the hody surface



(Mee 23)y on whioch the ﬂiébxibut&an of the leclons woa gholiched,
In addition, ony othor ilinesons worn noted.

Too blopsy spesiments, one for hisbologienl exsmination and the
other for histamine annlysic, wore token from %he affeotod axens of
gkin of 20 cnto. Tho biopoy instzument consiaeted of & povered
elegtrio drill into whioh was £itted a hollowad-out stool bibt thab
woteted at 2,000 pepene ond woo glndlar to that desoribed by Hvane
st gle (1957)  To provent ponetration below the cuboutis, s perapex
guernd wos fitted to the dxilling inctrument. The apecimen for
histologicel oxaminetion wag £ixed in ploro-~fommel solution for 24
hovms and processed as has been deporibed in Seotion I for normel
okin vhile that destined fon hipbtamine anslyels was stored atb 207G
wbil vequired, Dootions wovo cub ob xight onglos to the opidermal
purfaco ob o thickness of 5§ mioxons and wore stained by haomelun and
eouing toluidine blue, pordedic acidedehdff; sldehydowfuchaein for
mapt cells and plero-linliory for collegen, muscle and fibrin. In
the upper poxrd of tho doxmis in soobions stained by feluidinoe blue
maat ¢ell counts wene mede in ten fieldes of s magmificotion of %400
ond the menn of the ton cowmbtsn was token as the maet eoll walue of
the blopoye. Only thoge colls vhioh showed metachromanin with
toluidine bluo and which gonbained nuclei were counted. Hictamine

avolyele was porformed on the atropinised guinen plgeilounm praopavation
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Hhat hao boen dogoribed in Sootion I,

anul to

ol

Gliniaal

In the majority of onses, the clinieal Leotures connlated of
alopecin togother with redgod opybthematous papules which pproad over
the doreum ond, in some oason, oxbtonded to the head, nook and sblomen
(Mg« 24),  Tho okin wao commonly thickened and sealy in oppesrsnog,
plthough four of the oato hed exbonpive arcen of vleoxablon (Fig 29)
anused by lickleg or somstohing in an offort to weliove ltehing.
Exudation wao present in only 7 out of the 50 animals. The disecse
varied in duration from o weelk o over one year ond wan iinited to
advlt ocats, in only four of which were flecos deteoted, 4 soexe
incldenco wan net catablished Inamnueh as 26 of the caby weve femnles

end 24 wera noles,

RFletologicol oxaminntion of csmples of skin from the serios
ahowed two forme of the condition to ocoury ¥iz. scule end chionic.

In the aeube oase which mey bo cither primory and repult from an
initial attack of the discase ox pecondaxy when Stheve hag boon o
vegurpenge of the condition, the woot characteristic change wvan aculbe
dormatitin with a fibvinous cxndato on the surfaco of the skin thob

eontained lengs pubens of neuwbrophils es well as moorophages ond
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- rod blood cells. Occasionally, the inflammatory material was smeen
%o infiltrvate, and so to eplit, the giratum corneum. In the acute
phase of the disease, areas of the epldermis became exoded with
resulting uloeration (Fige 26), Acanthosis and parakeratesis also
wero present bub were not of the degree distinotive of the chronic
aiaaaae.. Heny epidermal cells ware seen to undergo hydrvopic degene
arabianlwith subseguent development of intraoytoplasmic vacuoles and
loss of stoining affinity, Intercellular oedema rosulted in
separation of the epidermal oells but vesiculation ooourred in only
one cuge in which it wos of vexry limited extent.

In the dermias, especially in the paplllaxy layer, there was a
aellulax infilteate which was composed of macrophages, polymorphow
nuelear neutrophils together with a few lymphooytes and mast cells
but eosinophils were only rarely to be scen, Capillary hyperaemia
was a prominent feature as was also oodema of the dexmis which was
moot conspiouous at the dermo-epldermal Junction. The mast cells
ware mainly perivesoular in location and in the acute stage showed
ovidence of degranulation in sections stained by toluidine blue.

The degranulation was most dlstinot in the upper part of the dermis
'and in meny casnes mebaohromatic granules wero reocosmized which had
epsonped from the mast-cell cytoplaom into the interstitial spaces.
In the deeper parts of the dermis and also in the subouteneous faotly

tissue there was & perivageouler reaction which was mainly lymphow
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cytic (Tig. 28) in character, Many sweat glands were dilated as a
regult of compression and blockage of the follicular openings. A
few cames of the acute type were complicated by éecondany bacterial
infection which was attended by very severe epidermal necrosis and
widespread infiltration of the dexrmis by polymorphonuclear neubtro-
phil 1eu§ocytes.

Invthe chronic stage of feline evzema, the main epidermal changes
noted were acanthosis and parakeratosis (Fig. 27) but ulceration
was absent. The cells of the stratum germinativum often showed
hydrepic degeneration while intercellular oedema was still apparent,
In the deeper part of the dermis there was a marked incorease in the
population of mast cells, most of which were large and'wellngranulated
in appearande and exhibited metachromasia in sections stained by
toluidine blve (Mg. 29). Another prominent feature was sube
epidermal fibrosis denoting the onset of healing. The mast cells
of this area showed marked loss of staining affinity and in meny of
the sections studied were slmost completely degranulated.

Higbtamine and magt cells

On average, mast cell counts in the twenty oats examined were
23,79 cells per high power field with a xange of from 10,9 to 63.6
cells. The histamine wvalues obtained from analysis of samples of
akin were markedly increased to a mean of 56.3 M ems. of histamine

per gram of skin with a range of values of from 12.2 1o 288 //gma.
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HISTAMINE AND MASY OFLLE IV BOZEMATOUS FELINE SRIR

lHast Cells

Cat Histamine
Noe (pems. ver gn. of skin) (“%;ggg%?giﬁ d’;%gh’“
1 68,0 417
2 2,2 16.1
3 50 11.3
4 33.8 1241
5 53e5 1444
6 459 3046
T 3644 1440
5} 228,0 6346
9 6 2 204
10 6745 153
11 89.8 429
13 32,0 1343
14 66.6 26.7
15 24,16 16,7
16 43 e2 10.9
17 670 2646
18 4041 2440
19 30,0 331
20 4«5 . 3133
Total 1127.8 4759
Hean % . 4 2 3 &
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(7eble T)e The average hisbtamine value in normal cai skin was

13 /Ugmm pexr grom of akin,

The close associntion of feline ecmema with flea~infeatation
roporbed by Jennings (1953) has not been clesrly establiched as a
result of this work since only 8.0 por cents of the oobs were 8o
afflicteds Since, hn‘wwar,, only a mild burden of fleos may resuld
in the production of the diseass, 1t mpy well be that in some cases
such ectoparasitism was not deteonted, The lesions grosely reaemble
those of oonine moist eozems as weld ac those desorxdibed by Riek
(1953) 4n tho case of hormes parasitized by sand-flies (Quliccides
roboryal)e. Histologioslly, they are quite eimilar to the chauges
aistinotive of acute human dermatitic but differ in so far as
vesiculation is not a prominent festure. | Pooeibly, the latter
altoration ocouna &t a very carly stoge of feline ecucme to be guickly
followad by cellular infiltration and exudation. As all the cages
exomined wore brought hy their ownors t0 a gmall animal olinie, it
ie proboble that most of the oats had had tho disease for abt least
& Pfew doye hefore they were oxamined so that the above change had
besn suporsededs On the othor hand Jemnings (19 53) emphasized that
vesiculation is uncommon in eanine cozoms and Riek (1953) does not

mention that change in ossociation with equine allergio demmatitie
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wherens in humen sczema the production of vesicles 1s typloal of the
sonditions In the early sbtagen of the feline disonnme, the cellular
infiltrato is similar to thot whioh 1s found %o oceur in man and the
dog ond ig composed mainly of macrophages and lymphooytos with only
& fow cooinophils but differs from ecgome in the horne in which the
laftar eolls are prominent throughout,

Ohronio asgema of tho ont wan maxked by epidermal acanihools
and pavokeratools, both of whish may be attributable to the laoxoaged
" bleood supply available as a part of the inflammatory regponso.

Parakeratosin in a refleobtion of hyperplasia of the

forminatlvan to the extent that the new ¢olle have not sufficient
timo 4o wndorgo the nommal process of keratinization (Van Scotb,
1964). The greatly inoveaned mast cell population noted partioularly
in the uppexr dormin is of intorvast in relation to mast ¢oll function.
The deoronse in grannlaxity of thono cells in the aresn nay indicate

a comnection belween tho masi c¢ells and the naw connectivoeticsue
produged in subeopidermal fibrosis. In that osse, the altovations
nay he angoelated with the mast cell~fibroblast interastion described
hy Ridey (1962) in whioch the fibroblasts of a region of tissue injury
are pensitized by the histomine releasod from damaged mast colls to
toke up the heparinerich granules of thosa gells and axe bhorvehy
stinlated 40 producs mucopolysacohoxide of their own which ig

ubilized for further formation of collagon,
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The high histamine value found in the skin in feline eczoema
essociated with the inoreased number of mast cells ie in accord with
the findings of AsboeHanzen (1950) that maat cells are increacsed in
nany skin diceasges of man, Likewise, in canine mastooytomata there
existe a clone correlation between the marked accumulation of mast
cells and the histomine content (Riley, 1959). Although the funotion
of that hiotamine is unknown, evidence that it plays a part in healing
1o provided by Boyd and Smith (1959) whose work with histenines
depletod rats revealed that repnir of an aseptic linear wound waa

ratarded compared with that enccunteréd in normal animals.
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cHige 24, Millavy eczoma. The lesions ewmbend along the
A dorsim and have & deied fibrinous. éxudate on

the surfoce. Thewe 18 aluo diffuse alopecins -
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Bipe 25 Aoube milisvy couema. Hobe lerge arven of
wleeration surrovnded by melbiple papulaz

lesions and also alopecias . IR
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FMos 26 section of slkin in acute eczems of the cat showing
. a Fibeinous czmudate on the surface hbogether with
thiockening end vlecration of the epidernis and
cellular infiltrvation of the dermis. Hoomalwn and
coain, ®110. :

r

By 27 Seation of skin in chronie eomoma of the cal
oxhibiting cconthosis and parakerétonids and’
coliuvler infilitvation of dermis. Hoemalum and
anasin, x110.
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Pipy 28 Porivascular reaction in deop dernis in acute
corema, Note lavge mant celly arvound capillarios.
Toluidine blue, 180.

B, 29 Sootion of slkin from a cope of ehronic miliary
cesona shoving ncenthosis and on increased dommnld,
nast eell populations, Toluwldine blue, x180.
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THE BFPECT OF DETAMETHASONE ON RECZEMA IN THE CAT

Introduction

In recent yesrs cortisone and its derivatives have been found to
be of value in the trestment of o number of chronic inflammatory cone
ditions, including those of the skine. Thus, Helpin (1955) recorded
g remarkable improvement with remission of pruritus in seven cata
puffering from miliary eozeme, to have followed parventeral treatment
with AJC.TeHs in doses which voried from 10«60 units, Russell gt
al. (2955) used 2.5 per cent. hydrocortisone acetate with favourable
effect in the treatment of lichen simplex, discolid eczema, otitis
oxtorne and anowgenital pruritus. Church (1955) treated 105 cases
of eczema and dermatitis in man with 1 por cent. or 2.5 por contb.
hydrocortisone ointment and obtained good results in 76 per cent.
of instonces. The author considered such therapy to be most effective
in aocute contact dermatitis, nummuler eozema, atopic eczema and
perianal dermatitis but warned that infection, unless previously
controlled, was likely to be spread by the ointment. Schwartzmen
and Orkin (1962) recommended the use of cortisone acetate for the
cure of o number of skin conditions in the dog including cutancous
pollinosis and urticearia while, as a result of a clinical trlal on
canine eczema, COrichton et ale (1965) showed that fluocinolone

acetonide was more effectual then was either hydrocortiscne or the



oemollient base in which both chemicals were suspended, In the light
of the above findings and nleo af the reportn by Bloom (1952)-and

by Brody et al. (1953) on the influence of cortisone on the mast eell,
it was decided to study the effect of the synthetic steroid,
betanmathasono, on the skin of oate suffering from eozena in an effort
to assess the value of the drug as a therapeutic sgent as woll os &
mediator of mast cell degr&nulétion and of histamine depletion of the

akine

Haborinls pad Method

To permait of proper study under uniform conditions, 10 cabs with
losions of mildary eozems were brought into the veterinoxy hospitel
whore they wore kept for o poriod of 16«18 dayse On arrvivel, each
unimal was pubjected to thorough ¢linical oxamination and the dise
tribution of the skin leosiong was maxked on the form of the rogerd
illustrated in Fig, 23+ The animals were maintoined on a dlet of
timmed meat and water. Tieatment consisted of suboubaneous injection
every third dey of one milligramme of botamethasnone. IFrom all of
tho suwimals two skin blopusies were token by meane of a powered
blopsy drill, onc of the apeeimeﬁa t0 be fixed in picro-formol
solubion for purposasn of hintopathology eand the othexr was stoved at
»20°C until woguired for hislaomine anelysis, After fixabion the

nemples for histologiocal ex@minatian were processed in the nommer
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alroady desoribed for nomal pkin and were then embedded in paraffins
waxe Thorsafter, acctions were out at 5 microns and siained by
hoemelumn end qosin, toluidine blue, pericdic acid-Schiff and, on
oconsion, by aleion blue. Hlstomine anslysls woae earrvied ocut in
the manner previously desceribed in Heotlion I using the fourepoint
agony technlone on the ipolaboed guinea pige~lleum preparation. At
the end of fourteen doys, the cats were again exanined clinieally
and two furthor blopsy opecimend . were token from the affected orean

for histological exomination ond histomine emalysic.

Reoult

Clinionl

In this group of eats the lenlons occurred mainly on the dorsum
whore thoy abtretched from the tallshead over the sacrum to the thoracow
lumbay Junction. In three cowes, lesions were aloo nobed on the
hend and neck and in one of thoce instonces a patoh of wet eczona
with o »aw, red and weap;ng surfoco, 2 ome. X 1.5 oma, in size,
ocourred on the vontral gurfaece of the neoks, A similor areo was
obgerved on the ablomen of another case. ALl onses showed diffuse
slopecia of the affected arveas with thickening of the skin and
papular evuptions about 1 mn., dn dlameter., A Wrief description of
the lesions bofore and afbor treatment in oach est la given in Table

8y which reveals that olinicel improvement occurred in 9 of the 10
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Table 8

THE THERAPEUTIC EFFECT OF BRTAMETHASONE ON ECZEMA IN THE CAT

Gat No.

10

Before Treatment

Multiple small crusty lesions
on head and neck with
alopecia.

Multiple papular lesions on
baok with erythems and
alopecia.

Dry crusty lesions on dorsal
surface and patch of wet
eczeme, on ventral surface of
neck.

Dry scaly lesions with
alopecia of lumbar area.

Dry scaly lesion with
alopecia of lumboesacral
ared.

Dry scaly lesion of lumboe
sacral aree and patch of
wet eczema on abdomen.

Dry crusty lesion on back

with papules on elther side.

Dry crusted lesions on back,
neck and ears.

Large lesions on shoulder
and neok with multiple
papules.

Multiple papular lesions
on back with erythema
and alopecia.

. After Treatment

Lesions healed and hair
growing.

Condition much lmproved
with only a few residual
lesions.

Patch of wet eczema healed
it dry lesions still

present.

Lesion completely healed
and halr growing.

Lesion healed and hair

growing.

Marked improvemant on back.
Abdomen completely healed.

No improvement.

Marked limprovement with
regression in size of
lesions.

Marked improvement with
regression in size of lesions.

Marked improvement with enly
8 few papules left,
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- oatas andy in moot instancoes, was very morked, In only one animal
A4 the legions persiet and, in faob, the condition actually worsened.
Figuros 30 end 31 1llustrate a typical cage before and after troate

ment e

Hiatol g

The main shanges exhibited hy the oate prior to treatment wore
acanthoals, congeption ond ocedoms of the dexmis and o cellvlar resctlon
which was malnly of mononuclear type and consisted of lympheoytes,
macroghoges ond mast sells. In only one animsl wao there to he
found mown than the ocoasional ecooinophil. Four cots had a fibrinous
exndnte on the sueface of the akin in whioch masses of neutrophils
ware present,  Subeopldermal Cibrosis was prosent in five animale
and 1t in of interest that dony of the abundent mast cells of the
arvea exhibited losa of gronules and wore identifiable aolely by a
faint »im of metachromatic materlal in thelr oytoplasm. In the
deep dermis and suboutis, thore was noted perivascular aggregations
of lymphooytes, anong which latter a few mast oells wers rocopnizable,
The awveat glands ware dilated, probably, as a remult of coglusion of
thein orifloes while the eehaoecus glands were frequently enlavged
and hypemnplastie in appearance,

Afbex bveatnent
Thern wap an appreciable thinning of the epildermis in 5 anlwmals,



ell of which were classified as chronic ceses at initial clinical
exeminations In one of the above cats there ﬁaa an incresce in
epidermel pigmentation and most of the melanocytes were situated in
the basel layers of the epidermia, In four of the animels, the
fibrinouve oxudate present on thoe epiaammal surface prior {0 treat=
ment had disappeared at the and of the 14 dayﬁ. Af'ter therapy,
the layer of fibrous connective~tiscue below the epldermis appeared
gramler end embryonic but there was little mbiioua change in the
mast cell concentrations In the deep corium, cedema and congestlion
were still present as was, too, a perivascular mononuclear reaction.
Mistomine and Mast (el

In:all tonn animals under treatment the initisl levels of histomine
woere inoreased by approximately four times the wvalue obtained for
normal oot ekin (13 mlorograms per gram) t0 a group average of 599
microgrems of histamine per gram of skine Values ranged from 24.16
micrograms of histamine in oat No. 72 to 173 miorograms in cat No. 8l
Aftor troatment, there was & alight fall In the group averags value
for histomine that wos attributable to the decline in the cose of
oat Ho. 81 {rom a pre-treatment level of 17344 /Ugms. per grawm of
skin to o value afier betamethacone therapy of 85.7 flgms. higtamine
per grom of skine. Horeover, the signifiosnce attachable to the re=
duction in histomine ioc rendered more doubtful by the fact that thews
was o coincident incresse in the group average for mast ¢ells of from

23,67 to 27.63 por high power field (Table 9).
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Teble 9
HISTMTING AND MAST QELLS IN RCARIATOUS

CATS BEFORE AND AFDER BEPAMEIHASONE THERAPY

Pmui:matn'mnt Rogtetrantment
‘ . Haat Colls
Cat (linot Histemine ey Histamine
Hoe |Celdn | pene/em.) m(ﬁgfa{fg@ggs) (@ eme/eme)
T | 267 66,6 33,6 £D«0
T2 1 1647 2416 157 25,0
T3 1 10.9 43.2 3065 493
T4 | 266 597 236 070
15 | 24606 401 32.7 20,6
76 | 33.1 3640 4045 28.4
19 | 24.7 1263 191 542
80 | 165 4L.5 220 6l.4
81 | 4341 1734 3046 857
62 | 14.0 3644 18.8 4449
Totel 236.T | 5953 27643 521,5
Meen 23,67 | 59.5 £ 40" 27463 52.1 %+ 19"

* Sbandard deviation
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Of the ten cate under experdinent nine ghowed a very satisfactory
elinienl response to administration of the dmg, a {inding which is
in accord with vesults obtained in the thorapy of various forms of
eozenn in othor spoaies of animalas., On the other hand, perusal of
the records of 20 other cats which had beoen similarly treated at a
small animal clinic revealed thﬁt 14 cases had boen retwmed for onre
following xecurrence of the diseape, It would seem, therefore, that
in the case of the experimental cats only the clindeosl manifestations
. of the digense had been conbrolled by betamethasone therapy asnd that
the exciting cause or causes of the condition hed not been eliminated.
That experience emphasizes the need for further regearch into the
sokiology of au&anaoua'diseases in domestio andmals, espoclzlly
those not asgipnoble to any evident pathogen. In that connection,
ﬁhﬁrabservationa.of‘Waltan (1965) on skin sensitivity in the dog to
a variety of materials ave of interest. VWalton found that furnishe
ing fobrios and bedding, c¢hrome salts, wood presexrvatives, rubber
matting, coriflavine, cetrimide, iodine and topioally applied
streptomyoin weve all capable of eliciting skin reactions in the dog.
Again, Schwartzman and Orkin (1962) desoribed s cuteneous pollinosis
of tho dog of whioh they aﬁagaotaﬁ ragweed to be the prime couse and
cited o recent report by Patterson {1959) of a case of cenine ragweed

dormatitis that was characterized by lecrimation, conjunctivitis snd



aevere pruritus attended by an erythematous scaly eruption over the
back and forvelegs. In wompect of the cat, thern ia 1itﬁie'zeal
evidence of the existence of any apeoific pkin gensitizing agents
aport from a xecent repert by Pareish (1965) in which outeneous
sensitivity to cow's‘milk was recorded.

The fact that significant change in the mast cell valuvos of the
okin was not exporienced cither before or after treatmont with
betamothasone 1s of peouliar intorest in view of the findinge of
Asboe~Honsen (1992) that treatment with cortisone in msn, rabbits,
mice and guinea plgs xesultéﬁ in o decreasge in the population of
outoneovs mast cells, The latter were either porfectly noxmal in
appearance both before and after tyeatment ox exhibi#eﬁ degrvanulation
‘and vacvolotion of the oytoplasm, Bloom (19%2) xreported thab
cortisone given parenterally in a dose of 100 mg. doily for nine
- days eoffeoted complete olinlcal regression of multiple maptocytomata.
Histologieally, the mast cells of the tumour showed yvaouolabtion of
the oytoplasm, conglomexation and altered staining reaotion of the
metachromatic bagophilic granules, digappearance of pgranules and
collular destruotion. lore rooently Zachsrdne (1964) wovenled a
enelld but statistieally signifiocont deoresse in the hilstomine cone
tent of the akin of people suffering from various demmatbtological
Aipessen, The samples of okin were taken fyom arens of the back

which appeared normal on gross oxeminations In the precent sories
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of obgewvations the fall in hictamino content from 59 & 40 pmne o
52,15 t 19 /Uegnm per gram of akin was found o he significant when
analyged by the *4' test (P =X 0,01). The fallure to evoke o
reduetion in the total numbor of maet cells may be due to orreoxrs of
techmique ox to species d.ii‘femheem ox to other factors as yetb
tmlmom.. Since in only threo instances did the totnl hintamine
lavel deeline afber tvoatmont and thore was not any appreciable
altoration in o i‘éux'th ezge, tha noed for further elucidetion of
 the problen iz beyond doubb,

Although comolusions connot be dvawn from this expordment
regarding the mode of action of hetamethagone, in the case of a
oat alffectod with eozems, foll in tisoue histanmine is uvnlikely to
be an inpovbtant Lfactor in the wvogression of leaions aince tha mean
level of that anlne persistod at rathox more than four times thot

of nomil foline skin,
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THE SEROLOGEGAL RESPOMHSE OF THR CAT

7O GOWE FOLRBIGN PROTEING

Dogpd to the oxbensive wae which has beon made of the ¢at in
exporinensal physiology and pharmaaoloay, remsxkably few obpervabtionsg
on the dmmunelogienl yeaspopses of that aninal have so for boen
published.  Although Akossu (3963) and Wilson and Miles (1964)
sepgent that the end g unresponsive to foreigm proteins, there ave
rogorded inatances of such responses, 0.2 Goteohlieh and Btetson
(1960) prepored cat antimerum to humsn Cercactive profein and showed
that 3t wap copable of elicibing passive cubancoup anaphylaxis (P0a)
in the guineaw-pig. Parrish (1965) has reporbed the produstion of
PCA in a ot by tho upe of homologous antisors to milk proteins,
while further ovidence of tho response of the cab to varlous antlgens
has beon provided by MillewwBen Shoamd (1965).

The ensuing seobtion records atne ohsoxrvetions that have boon
made on the sorological remponses of cato 0 hetexvlogous sorum and

$o gsome defined Yoreipn proteing.

g,w,ikp;}‘l. 2]

Hybrid eabts of both poxes, all over one yenr of age, wore uged
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dn thin ebtudye.  They woxe medutoined in Individusl goman and fod on

& shandard dlet of timed meat, walter and milk.

2

As wedl oo bovine nommel gewws (DVS) and webbit normel seman
(nu8) two commercinlly purdficd fsaotions of bovine plosme wons
cmployed for lnmunization of the andmals ond for gsoxologplenl pioe
godumen.  Tho propilebaxy produets woroe oxystollined bovine camum
albundn (B8A) ond bovine pamns globuling (BEC) feaoticn 1T, oblained
o Avmons _P%mmmauﬁi@al Gompongs Lhde

Ao mhg zi"ﬁ by eloctrophornepis, BBA is O8% altundn end on Jroe
elostrophoresio gives o oingle Tine with rabbit andiebovine normal
gorun (Rens18) (Fig. 320).  Acscssed by oleotrophoresis, DG io
ol pure and by jmmunoelectrophoxesio with Res-iNS three globulin

somponents axe revealed (Mge 320).

Ansigeons
Mabbit anticora 4o BHS end o ead nowmal sexum (UNS) wexe
obboined fuom zalblite sublecbed to ptanderd lommisebtion with thoe
opozopriote hoterologous oexmvm. Briofly, the prosedure involved
fwo dnbronusonlor injechions of sexvm enulaifisd in Frouwnd's come
plete adjuvent {Mfeo) en days L and 1% respeotively followed by an
intnoperitoncal ond an- inbrevenous injodtion of dilunded pervm
(G 3) on doyo 29 and 30, Antisora wers obteined by pevdodic

blaeding conducted from doy 36 onverds during the helahis of the
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anbibody rosponce.

Ootn wore imswnized In wvarious wayes. With BSA and 206 they
pecoived elther (1) a wvingle intravenous dnjeotion of soluble antie
pon or (2) single ox muliiple injeotions of anbigen in Freund's
adjuwvant,  With BHS and KIS the couree of Immunigzation wop as doene
gribod above for rabbits, Bleond samples were taken at intorvals
during, and after, the covrses of innunization.

411 ontisora were ptoyed withoud preservative ai «10%0,  Vihen
maquired ii’éxr sovologionl procsedures thoy were thawed at xoom tempw
erature and centrifuged for thizty minutes at 1500 g.

Aon Exchange Gheomaborpanhy of BiG
fSeporation of the three gomponents of BGRG was achieved by

golunn chyonntography on DBAE Sephadex AS0 obbained from Pharmacia
{Gront Beitain), Lid.  An BEG proved to be bub speringly soluble
in 0,081 phoophate buffer of pil w 0,6, the soluwmn wan eguilibrated
with 0,05 NaCl in 0,021 phoophote bui‘fezz before applicabtion of GG
in the sone solvente The proteln f‘mc‘tziam were eluted by a Rall
gradiont (0,09 « 0,2%1) 4n 0,024 phosphate tuffer (Z&‘i@- 33). i‘i‘m;
' B glotwlint fraction so ieolated wos dialysed ageinas 00751
NH J.I;i(:&} 3 ond Creoze-dvied, Tor sorxologloal use it wed reconsiitubed
in 0.191 Nall,
iacentxifuration

Ansiytioel vltzacentwifusetion of @_gmmm jeolated from



BGG was carried out on a Spinco Model B ultrocentrifuge at 59,7680 r.p.n.
at 20°C with 2 protein concentration of 0.5 mg. per ml. and 0,154
NaCl ap diluent. During the 90-minute period of cenirifugation

exposures were made at intervals of 16 minutes.

Tyacemlabelling of Proteing with T3t

BSA and the jmolated (Z*giobulin component of BGG were tracow
labelled with I131 by the lodine monochloride method of Mecfarlané
(1958).  During poste=labelling dialyeic againot 0.15M HaCl some of
the labelled @nglobulin precipitated and was discarded. Labelling
efficiency was determined by measuring the distribution of activity
between precipitate and supernatont after total protein precipibation
with 20% trichloracetic ecid of a preedialysis sliquot of the labelled
protein, SHpeecific activitles of labelled proteins were determined
by measuring the activity of a post-dialysis aliquot of lmown pro=-
tein concentrabtion (optical density at 278m,;). The efficienoy of
lebelling of BSA was 60% and the dialysed preparation had & speeific
activity of 719 counts/sec./mg. protein. For the (3 ~globulin pre=
paretion a labelling efficiency of 53% and a specific activity of
195 eounta/aeo./hg. of protein were obtained, All radioactivity
determinations were carxied out in a welletype écintillation counter
(Isotope Development Co., Ltd.) ueing an Ekco Sealex, Type N5301.

Sorological Methods

As all serological methods used in this work have been fully
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specified elpevhere, they will hewxe be describod only briefly.

(2) Tommodiffusion: this wag carried out in 1 agar gel in
the eonventional mgnner (Crowie, 1961).

(v) Immunceleetrophoresis: all immunoeléctrophaxatie analyses
were performed with immunopher equipment (LKBeProdukter, Sweden),
using veronal acetate buffer of pll » 8,6 end of ionic. strengbh =
0.1, Gonerally, antigens were clectrophoresed for one hour at a
field strength of 9 vulta/ﬂm. Pull details of the technique and
appropriste apparstus have been given by Hirechfield (1960).

(¢) Gusntitative precipitin renction: Guantitetive precipitin
enelysis conformed with approved tochniques (Xabat and Hayewr, 1961 ).
To facilitato such estimetion, the antigen was trace-lobelled with
EiBl_hut iodination wan so glight as not to interfere with merologlonl
ppocificlty or veactivity (Telmage and Maurer, 1953). %o n series
of tubﬁgvaanﬁ&ining a connbtant volume (0.2 ml.) of a&tiaarﬁm, inorease
1ng,am@unta of antlgen were added and fhe mixtures then incubated
at 37°G for 30 minutes bolfore thoy were refvigerated overnight,

The resulting precipitates were depositod by centrifugation for
thirty minutes at ﬁpc 8t 1500z, washed once in 0.5 ml. dce-cold
saline ond finglly disselved in 0.4N NaOH. Antigen and antiserun
controlp wore similarly treated. Totel protein of the precipltates
was estinated by the method of Lowxy as desoxibed hy Knbat and Hayer

(1961)s The radioactivity of the supernstants was used as o moasure
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of unprecipiboted antigen.

(4) P8O tents this boot nssosses the andlgensprecipitating
vapacity of an sntigerum by debormining the dilution regulred to
pragipitate 8074 of o standard amount of trace~labelled antigon,
Avbiteary as it in, the figuve qf 605 roprosents & point of olight
nnhigon axeoss, which corvegponds to the position of moximal pro-
aipltetion on a typleal zabbit quantltative pregipitin cuvxve. Tho
oot was vsed in tho present work to detormino the BSA-precipitating
copaolty of sera obleined from 4 catp dumunizmed with BHS,  The soxa
vere tesbed ot five differcnt dilutions (132, 115, 1210, 1:25, and

1390) aguinct o stondard g3

»BSA, propazetion contedning 4 /qu
BSAn%/hl.g 0.5 mle aliguets of sexum dilubion end antiion being used
throughout, Tull details of the pmoaedniu adopted hovo boon given
hy Gemphodd b ales (1963).

{0) Antigen~binding eopacity (ABG) toote $ho binding of anble
gen by antisorwn, ag companod with aetusl precipiiation of antigon,
in neasuroble by moana of tho tesl doviged ﬁy Tare (19%8) and 1o
epplionble 4o eystenms in which sorunm elbunin eongtitutes the antie
gone It is based on the Alfforontinl precipitetion of albunming
end globuling byﬂammanium sulphate, Thus, flomly formed, yob
ooluble, complexen of antigen and antibody are precipltable by
helf sabuvatlon with the aslt while unbound albumin 1o wnaffected

and remains in the supernatont fluld,  The uee of traco~laballed
4
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ontigen facilitates measuroment of ite distribution between prew
gipitate and aupernatanﬁ.. The gorm dilution which binds 335 of

o standord anount of anbigen serves as an arbitrazy endepeint from
whioch may be caloulated the amount of antigon. that would be hound
by 1.0 mle of undiluted serunm, The resultent, or "AN0-33', value -
i uged to express the antigene-binding oapacity of the sorun. The
four cat sera subjeoted to the P8O best were slso asubmlited to an
ARG taaﬁ involving sinilar dilutions of serum and the same ontigen.

Doteils of procedures hove bheen desoribed by Compboll gb al. (1963).

Itegx;ltg :

Precipitin Rosoonse

The nunboer of eats that produoed precipitating sntibody to IHA,
BGG and hoterclogous seyxun in shown in Tables 10-12. A positive
procipitin wesponse to BSA (Table 10) was found to obtain in only
3 out of 10 cate imnunized with that antigen in three dliferent waya.
The boot response reeulted from o single intyavenous injection of
10 mg. BSA per kilogramme of body weight (group ¢), in which instence
precipitotlng antibody woe domonstrable on days 10 and 11 aftor ine
jeation, Antibedy wes not dotontable dn two enimals thab haalbean
ziven o moderate course of tventment with BSA In Freund's adjuvant
(group A) and only one of 4 cate subjected to similar bub more

intensive manngement (group B) ylelded o positive precipitin vemponee.



Even in cases where s response was obiained the renction was very
woak (Mge 32h).

Slmilarly, the reeponse to BGG (Table 11) was poor since only 4
out of 1% onts produced pmaﬁ.ﬁiﬂim. Althouvgh a responce wag nod
obtained in four cate in recoipt of o single intravenous injeotion
of 20 mg./Kge of HGG (gwovs ), precipitating ontdbody wes dotected
in 2 out of 4 cots inooulsoted with 120 wg./Xg. by the intravenous
voube (group G)s  OFf the 5 ozte in group D given o single injection
of BOG in Fremd's adjuvent only one produced antibody. lLikewise,
entibody was demonmtrated in only one of two cats (group B) subjected
to on intensive course of antigen with adjuvent, This wag detecte
able at 22 doye after the fiest Injoetion, was still present threo
weeks later and persisted for at least 11 montho without further
ptimulotion, Surprisingly, in each case tho antibody proved to be
homologous with & minor component of GG that possessed the clectros
phoretie chaxveoterintica of a [Swglobulin (Fige 32£),

Ton ento were injected with heterologovs sorum (Pable 12),
Repeated subocutoneous injection of 1 ml. of BHS (Cat H) or adwine
ietration ef 1 ml. of BHS in Frowmd's adjuvent by various roubes
(grovp 1) failed to elicit procipitoting entibody. ALl four cats
given multiplo injections of 2 ml. BNS in Freound's adjuvant (group J)
followed by an intraperitonoal and an intravenous injection come to

yield precipitating antibodicn tood - and ﬁ ~globuling of MSe Two
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oats ainilosly troated with BHS (group K) likewise produced precipe
ftating antibodies to a limited number of the proteins of r»abbit
geremes  The range of antibodiss produced by catn to BHS and RHS
proved o ba moro limited than wam the rosponge of rabbite o BNS
and ONS %o idontiocal proccduren of immunization (Fig. 32d, h, o, &)
Hond fontly,; the response of oots to KIS was bebter than that to BUS
but in hoth cames thore wes o lock of antibodies capable of prew
cipltoting olther serum albumin ox goamma globulin,

Edndnation of Anticen

Phe mode of removel of I131~H5A freom the cinoulating bleod of
four cabo In receipt of antigen for the firat time and {rom that of
four cuto previously dmmunized with BSA in complote Frewnd's sdjuvent
Lo phown in Menoe 34 and 35 nweospoectively. 1n4eaah of the four nore
nal oats the pattom of elimination was diphasie and charactexlzed
by & rcopid fall in concentintion that oceurred during the first 24
hours due to the equilibeation of the antigen between intra- and
oxtrovasouler fluids and wan followed by a slower cotobolic dige
apponzance of entigen, the apparent biolegionl halfelife (tﬁ) of
which wan 04=00 hourp.  Although antibody was detectable in two of
{the aats on the tenth day after injection, there was net any accelw
arated clearanco of anbipon.

M aceclorated immune clearaznce of antiﬁén was seen In 3 of 4

previougly immmized cata, the {ime vequired for complote xemoval of
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anbigen from the clreuvlation being 3 days in BAJ end 8 daye in B4L
and P42 . Ty the dnstonce of BAd the pattern of ollninstlon vao
pinilor to thoait encountered in normsl oots bub tho By, waa only 70
houras  Ouly In gab D43 wep sivowlatdiog antibody defectable within
the 12«dny posiod of obsowvalilon.

In Plgos 36 and 37 oxe shown the antigen oliminadlon pabtiomns
of 1’13}‘«33@@ in three nommald and threo proviouvely ismunised oobso.
Bthough 211 of the normel endmals camd 4o produce preciplioting
opatibody by the tenth doy afber injeetion, only in Bl wos thowe
glony evidonce of accelewvebed immune olearancs which vcourred on the
Gth day afber injection of antigons. Tho t% voalues in those theee
opnimals wero 36, 49 and 80 houms. In the caso of fwe (845, B4T)
of the previcugly iLmmnizod enimels, catlgen vwes zopldly wemoved
from the oircuvlation no that by the 6th doy it wap not detectable
vhile in bthe third animel (B46) theve wos o diphasic cloorance in
which the '%;% of the eccond phose was 44 howepe Two of the enbs
{(p45, BAT) produced precipitating ontibody bub She duration of that
veaponse was limited to 3 doyo,
he Globulin Hatwes of Gob Aubibods

Po detornine vhather the ARG test might sexve to detoct the
ontiponebinding capacity of eot sorum, oot antibody had fivst 0 be
dndontified ap o globullin copable of precipitetion by helf-saturation

with (1 &)5, 50 4° The globulin choreoter was wendily demenesbzable by



reversing the rolen of the rosctonts in immunocloetrophorosio of a
cot-n=B0G somum. Gat anbtiserum wan eleshxophorcsed from & centxal
woll end the twoeugh thorenfior chorged with IGG. The resulting oawvo
of precipitoto waps found fo be located in the cleatrophorotlc position
typicol of gomma globulin (Figs 300)e  Thon cotensBER won holfw
patuznted with (NI :;):2 S50 A aad dnaunoddffusion tonts enxeied ouwt on
oupernatent snd cedisselved prooipitate, anbibody aotivity proved

to be negtriated to the preoeipitoete and o reaction of completo
idenbity wan fomd to ovour babwecn the lines formed by antihedy in
vhole sevum and antibody in the lobulin precipitote (Fig. 30b).

PAO aud ARG Teats

In none of the four ond oy wped in the PEO teot wad procipe
itntion obﬁbwed but all ozhibited some winding of 33“3]‘~B:~SA although
to vorying dogroo (Fige 39), Ghe ABC « 33 volues ranging from 30.4
$0 lons then 2,64 Binding of cudigen by 8 control normel oezum
van quito aogligiblo.

igolation of the Precipiisting Antigen fzon JGG

STt 2

Chromatogeophy of Amouets BGC yielded thiee dlstinet poaks
(Fige 33)s By mesno of immunoclootrophovesie, the last pevk was
idontified ap the preeipitoting sntipgen (Fig. 40) which, becavne of
ite eloctrophoretic mobility, wes designeted o @ -globulin.  Approxe
imntely 6 nge of the @ =globulin wag obtained from 100 mge. BEGs Ao

o vesult of analytioal ulbracontrifugetion, the ioolated [?; «2lobulin
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gove only a aingle peok, the enlewlated sedimentabion coefficient of
(o35 sugsecting o molecular woight of 150,000,

tnongitabive Prepipitin Heaobion bebweon Uatb Antiserun and

The reanlts of the quantitative precipitin rosction between the

B ~globulin isolated from Arcour's BOG and pooled cat entdsera ave
given Ao Fige 4le  Albhough specliflc neagurves werce not taken 4o
oliminote oomplement, 8ll mera had beon oboved for somne monthe before
uge and conbrpl valuea fox nonegpeoific precipiiation wore alwoys
found to bo nogligible. The amount of tolal protein precipifated
graduslly rose to a maxiomm of 900 /J;g. aos the guantity of added fg
wag inoreased from 3 to 156 /0 2o ut thorveafior declined. Two
anonalien were notod in tho owwe descrlibing the poxcentege of anbie
gen pracipitated at eagh pointe One wos, the failure Lo separnte
moze thon 65};& ef the entigen, even, under conditions of antibody
exeooe and the other wos the vexy small amount of antigen precipe
itotod when less than 30 M Ge of antigen were used in the tost.
Pho antibody/antigen watic foll steeply from o value of 20 in tho
rosion of prooumed antibody oxcods to lovel oud through $he svyoea of
maxinel prooipitotion and prosined sntigon excess where values
rongad botwoon 8 and 4. Although limited amounto of antigon pute
oluded conmplete pregipitin anclynio of individual cat sera, It wae
voosible %o study the zoenction in the proeantigen excess umome of o

vingle cab somm,  The rosulis wore in genexal agrooment with thooe
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obtained with the pooled antiseram,

Digousgion

The pauwcity of data on thé.samlogical responpe of the oat to
foreign proteins suggests that it may be difficult to produce such
a yesponse using conventional immunization procedures and to some
oxtent tﬁis is borne out by occasional fallures reported (e.g. Akcasu,
1963)., However, the resulis show thot oats can be induced to form
precipitating antibody to purified protein antigens such as BSA and
BGG and to heterologous sera such as INS and RNS. The responscs 4o
BSA and BGG were poox both in terms of the number of animals in which
precipitating antibody was produced end in the intensity of the
serologleal reactions. Thus, of 10 cats immunized in various ways
with BSA in only 3 was precipitating antibody detected. Likewlise,
precipiting were found in the sera of only 4 of 15 cats treated in
~a similar fashion with BGG.

Although better vesponces were obtained from cats immunized
with BNS and RNS the antibodies produced were directed only 4o of =
and ﬂ-glubulina and not to a].bymin or X-globulina (Migse 32d, h).
Such a histus in response may xepresent an immunologleal paralysis
oo these latter proteins axe present at high concentration in normal
perum end the amounts used fér immnization may therefore have been

excessive, The formation of antibody to only the minox ﬁ»globtﬂ.:in
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component of BGG (Mg. 32f) moy be another example of the same phene
eménon. In this context, it is interesting to note that tolerance
to antigens of B3A snd BGG dype con readily be induced in cuts youngex
than 3«4 woeks by parenteral or oral administration of the appropriste
antigen (MMillexwBen Shaul, 1965)s Conceivably in kittens having
access to bovine milk at a very early age, intestinal absorption of
milk proteins known to correspond immunologically to BSA and HGG
- (Hanson and Johanssen, 1959) cowld modify subsequent immune xemponses
to these and serclogically xzelated antigens, On the other hend not
all oato were immuroldégicslly inert to 1ISA, precipitin responses
boing sometimes obtained (Mg, 32b) when the antigen was given intrae
venously, & route that hap alé@ heen succasafully employed by Millere
Ben Shaul (1965) for production of precipitating sndibodies to protein
antigens, On the baaia of Witchigon’s (1964) desoription of a BB«
paralysie in mice coourring at both high and low zones of antigen
dosage it is pomoible that the immunogenic efficacy of the intrae
venous route depends upon the relatively rapid elimination of antigen
given in this way (Fige 34) compared to the prolonged release of
antigen from a Freund's adjuvant depot.

In any event thore is o wide varistion in the ability of different
species to produce preoipltating antibody; the fowl and the rabbit
are good precipitin producers whercas it is oextremely difflcult to

elicit precipitating antibody in the rat, and the ¢at would appear
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1o Lfall ﬁatwnan théaa two extremon,

Aﬁcasu (1963) has sugeested thot in his experiments the ine
ability of materialn such as egg albumin or cow's millt protein to
elicit immune romponses in the cat was due to the rapidity with which
thoge proteins were cleared from the ciroulation, whioh process is
oompleted in less than 24 houvra, The sntigen clearanoce studies
xaparﬁma(hama using IlslmBSA oad 1131~BGG have shown both proteins
0 behave an typical hutaxmiognua plasma proteins with spparent
biological halfwlives of approximately 3.8 dsys (BSA) and 2,0 dnys
(B60).  Vhile no figures are availoble fox the halfelives of
homologous albunin and gamna globvlin in the ocat they are probably
gomparable to those of the mabbit which are 5.7 and 4.6 days repe
pectively for albumin and gannae globulin (Veigle, 19%57). The
halfelives of B3A and BOG in tho rabblt have been deotermined by the
pone worker an 4.3 and 2.2 deys voupsotively.

A1l three cato given an intravenous injection of 1131~BGG for
the fizat time produced precipiiating sntibody (Fig. 36), in each
eane directed to the minox ﬁ!ug&ohulin component of BGG, However,
ono ent (B51) exhibited a phane of accelerated lmwune clearance of.
antdgen, suggesting that this andmal may have prodused antibodics
onpable of combining with all the compenents of BGG. Tho antibodies
dirootod apainet the other btwo components of GG may hove been prow

dueed in amounbts too omall to detect by the sexologlenl methods uvsed,
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ow nay havo bean of the nonwpeaelpdtoting vardetye The failure of
eobs 58 ond 93 4o oxhibit doowne olonrance even when (helr sora Gone
Hained on entibody for ﬂ wolohiling dndicates thot in theso aningls
no antibody w&m produced to Sho components of GG other thon $he
[3) wirlobuline

In none of the osts given a pmmawy injeoction of :!Zlglwli.‘im won
en aceslarated phane of anbdgen cloarance obsonved (Fig. 3:2-). Den=
pite thia, onddbody wan dotected dn the geopum of two aninnla 1011
dnyn after injoction.s The co«exlstence of oirculating antigen snd
antibody ia dif0ioult to oxplain sliéhough the weaknoss of the
eospeistod porologicnl reactlon sugeontes that the antibody nay have
boon oF poow avidity ond perhnps pesdily diccoclable fron its anbie
Cgen An wive.  That acoelorated dwaune olearance of antigon onn ogourn
with B34 won élmm@. by tho enbipon oliwination pattome of thies of
the oate previously ﬁémitimﬁ with this protein, Thus, appropriste
dmunimadion dues result in the fommation of antibody anpable of |
gombining with and romoving BSA from the cirowvlotionas Further ovide
-~ ence of tho combining onpaoity of oat onbibody to B8A con bo found
in the zosulbo of tho ABC teat (Fige. 39) although the ABU voluen
obbnined wore oxbtremoly law, boing ob least ten times leps than those
found in mnbbilp given o similar course of trestment (Pevwy, 1968},

Hont gquenbtitative preolpitin sbtudies have been enrried out with

xabbit andiserum (Kebab ond Hoyow, 1961).  The typlesl quantitative
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precipitin curve rinscs with inorcasing sntigen concontxabion wndll it
rorches o parimm valuo ond thoveafbor deolines, By anslyols of the
cupomstonto fez;' unconbined enblgon ond enbibody the curve may be
divided into thine zmonoes, (a) the seotion eoloted to anbtibody excenn
vhore tha oneve i xiping and 0ll) anbigen 4o procipitoted but free
entiboedy can ho doteeloed dn the mpornatont, (b) whe gone of
ocowivalonos in which both onbigon ond antidody. cxe complotoly prow
oiplietod end (o) the zone of entisen oxoops which is characoherigsed
by o progroosive inhibltion of progipliotion and incressing quentiities
of fwoe anbigen dn tho supomatont, Maximal precipitetion gonerally
oconrs In pllght endlgen oxooss, In gonexel, Lthe chearsctowioticn
of the oot presipitin syoben rosomble those descriled sbove bub come
plote gonel mnelysis of the eweve wan not posolble an precipitnbion
of ontigon wan nover found to be complete, Howevow, the cuwrve doge
oxibing Hho totold omount of profein precipltated zose to o maxdlnun
voalue of 900 /ugg;a peotein vhon 156 //cg. of ontigon wene usod and then
bogon 0 docreood pmmumm&y on o aaeuld of inhibiblon by oxcess
entigon. The antibodyeontigen ratio ourve followed o pottorn similen
0 woll charogtorizmed oyabems, ond fell steeply in the early port of
the curve develling out 4n the mogion of moximel precipiietion ond
andigon execons with values vazying botween 8 ond 4, The mation
approxineted Lo thoss oxpacted in o syoton involving sn anbligon of

moloculor wolght avownd 150,000 g,7, with rabblt antiserun the velue
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gitod for humon guwnoa globulin (M. 160,000) as antigon in the region
of elipht sntigon excess is 3.5 (¥abat and Moyer, 1961).

The oot precipitin gysten aiffored from tho typical proeipltin
ranetion in w0 ways. Ab 0o peind was moxe than 696 of tho subigon
pracipiteted and dn the region of exbrome anbibody excons the pree
cipibation of anbigen was ovon lews then 696, Fedluva to cohlevo
gomplote preesipitetion of antipgon hinta vory strongly ol the prosence
theoughout the curve of deluble aniibody-anbigen complexes, whooe
peseipltetion may requice adjustnont of electrolyte concenteabion
0% of pH, a f;:i.tmtsibn known to ooour in other speoclon suoh as the
foul (Adltken ond Malligen, 1962) and in cortain systoms in the robbis
{Neoskowaki, 1965). The loss thon 695 precipitation coovrring in
vhe early pard of the owrve sugpests that thowve i sone degrec of
iuhibition of precipitation in extrone antibody oxocops. ITn thie
voupeat the oot anti-bovine ﬁa@s;lomﬂ.m syaton ropenblas the typo
of renotion seen in horse antiw-toxin systons (Kabat and Mayer, 1961),
oceanionally in rabbit antieprotein systems (Feinberg, 19 56) and
rosularly in dog onbti-albunin ayotems (Pattorson, Chang, Pruzancky
and Portney, 19633 Pattoroon, CGhang, Pruzansky, 1964),

Dotoction of soluble complexes of eat antibody and bovine
(Q» ~hobulin in the supernatant could be achioved by trestliag the
supernotents with a 2abbit antieoat globuliln sorun, previously

absoxbed vith hovine ﬂ,-.g;la’m‘im, which would precipitato labolled



antioen flamly bound to oot antibody. In tho presentd work limdted
anownts of antigen provonted the use of this procedure bub the
characteristics of the quantitotive test strongly suggest the oxdote
onge of coluble antibody-nntigen complexes,

Ap for aw i8 known this 48 the finst desoxiption of the
quantdtative procipitiin reaction involving ost antleervon but the
resulto ghould not be reganded op typicml for this ppecien since the
zenotlon wag carried oub on - pooled anticeza and not on gerunm Lrom
individual cate.  Yurther, o sposific ﬁtap othor Lthan ageldng of
porum wan baken to romove complenent from the system, oand £inally
the doolebed snblpon proved 40 Lo aomnewbhait unsbable as shown by
ppontanecus preeipttation duving poestelobelling dlalyoin, While
the 2eason for this inetnbility io oot ¢leax, it ds worth neting
that iooletod Hechains of rabblt antibody ave only sparingly coluble
in noubinl salt solutions {Boholt, Redzimekl and Preoomen, 1965).

Althovgh the oxpercimento degeribed in thls papeor howvo dadlonted
thot the eat glvos only a foablo precipltin xesponse it will be
necensary to inveptigate tho éntig&niaiﬁy of a much widory xange of
proseing of both andmel snd plount origin, to ohaxacteriee the
gsoxologionl reoponae to them, and Lo study the propertles and
bobovionr of onb sntibody bofore the immwaological capaclty of thio
opecios con ba fully appraciateds It doos peem thet the lanmuwne

ropponse of the ¢at 4o hetecologous werwn differs in o quantlinbivo
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way from thot of the common leboratory animalp ouch as the rabbit,
Foom & comparabive point of view further knowledge of the immwmologicnd
behaviour of the eat to deofined anblgens mny bolp to elucidate the

generol machmanisan of andibody synthesin,
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THE UISTOLOGICAL RESPONSE OF THE CAT
TO SONE FOREIGH PROTEING

Intreducti on,

Moeny shkin diseases of man oz.*j.g;ina.te from sensltivity to foreigm
material and, breoadly speaking, two types of reaction ccour, Mn
jmmediate allergic urticaria moy result from inhalation or ingestion
of or contoot with oubstances such as feathers, horse dander and
coometicn, Other common causes of thise type of reaction include
pondcilling aspirin, ingectebites ond injection of wvaccines (Rowell,
1965), Contoot dermatitis is aloo o common form of skin disoane
end ie of delayed type dependent upon integrity of the lymphatic
gyoten. Sengitivity of like type ia aloo asgooiated with a wide
varioty of ixt&nstriai chomlionls, Cege chromate, turpentine, vammish,
reging and formalin as well ap commetlo and sonp preparvaiionn
(Wilkingon, 1965).

Anong domeatic animals, lmwuve:é. only & few ghin diseages of
allergic origin have yet been xeported, One of those dicordors is
"Queenslond ITteh" which is e disonse of horses cnused by the dove
aelopment of culaneous hyporsensitivity to the bitgm of & species of
pond=£ly, Gulicoidop ;Qbegi_;si;(i%iek, 1954), while another exomple
io afforded by atopic dermatitis of the dog that is associnted with

ragweed pollen (Patberson, ot gl. 1963). In general veterinery



practice thore is experionced & bigh incidence of cozenn in the oot
anldy odthong tho aetiolopy of the conditiol zonning espentinlly
unknown, there is some oirownstontisl ovidence implientive of an
nilergie vanetion to {leawbitos (Jonwings, 1993) or dietary factono,
such oo fish (Weal, 19950).

Brperinmentally, skin reactlone of hypersengltive noture have
beon extonsively studied in the guincawpig and xabbit wheroby . the
conditione governing tholr inducticn in thowe spooies have hoon
well establisheds In the zabblt, Leskowits (1960) has producod
both imaediato and delayed Lypao #f byperoongiilvity teo defined
protoin antigens by the uoe of antizon incorporatod in complote
Frovnd's adjuvant, In the case of enimels with cireuwlating enbie
bodyy the procoding author achicved difforentiation belwson inmedinio
and delayed rseebivity Ly mesns of cubsncous tosta with opooifio
anbigenemntibody precipitates which, in contract with sntigon slone,
wore found rot t0 produco Arthusetype phenomens afier inteadexnol
injection.

The ensuing work wap deslgned to affeet similox observalblone

on the ont bosed wpon tho Loskowlédz aysbom of Immunization and skine

teabing.
Hatozlaln nnd Mobhods
Animoln

Hybeid adult cats wore usod and wexo kopt im single oagos on o




m},g 3&&

gtondard diet of binmed meat, milk and watere
dnticong |

The animals were immunizod with bovine mormal serxum (BHS) or
with commoxeisl preparations of bovine serum albumin (BsA) ox hwvine
gomme, globuling (BOG) Fraction I1, (Azmour Ltd.)s The same anfigens
wore employed in ocutancous bests elther as voluliona in stoyile
0,151 NaCl oxy, in the case of BGG and DNS in experimont 11, as ree
suspended specific preciplinten of the antigens and homologous
vabbit antibodies. Preparation of precipltates involved addition
of BGG ox INS to rxabblt antl-BHS sexrum in anounts known to ensure
excoup of antibody. Aftor inéubat;:lon at 37°C for 30 minutes
fPolloved Ly refrigeration overmight, preoipitates wore centrifuged,
wesh-d and re-suspended in eold sallno solution. Samplea wexre
analyzed foxr contont of protein by meane of the biurelt reaction as
rocommonded by Kabat and Mayer (1961).
Lo gablo

Details of relevant procedures are given in Toble 13.
Bkin Tegty

At intexvals after inmmunization, 0.1 ml, of antigen ox of
sterile galine woa inoculoted Intzadermally into previcusly proe
pared sites on the thorpax or the flank. Prior %o vach teat, samples
of blood wore taken for sorology and 1,0 ml, of a 2.5% solution of

wons blue was given by intravenous injection. In exporiment I,
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eoncentzations of 1, 30 and 10D.f’8' of BSA antigenel poy 0.4 ml.
ware cnployed. During the second oxperiment ontigen solubtions were
made to ocontoin 1, 10 and 100 /ugg. of BCGwN por 0.1 ml, or 2, 20 and
L 200 ,j fe OF DG por 0.1 mley ond suspenaions of specific proecipe-
itaten wore adjusted o include 1 }Jgg;. and 10 /U@g. of BGG-N pex
0.l mls ox 2 /ug. and 20 /U Ge Of BNSeH por 0,1 ml., Sites of ine
oculation were examined froquently during the flrst pix hours and
agedn ot 24 snd 48 hourg for ovidence of blue coloration, oecdema,
~orytheme and induration. Reacbions were cloasified as "eaﬁly”‘if
they ccourred within four hours of injection of antigen or seg “lato"
1f thoy did not beoome mendfest until after four hours. ‘the terus,
"anyly" and "late" were proferred to the expressions, "immediate"
ond "delayed", because the lotter have cstablished immmcologlieonl
eonnotations, ALl tost antigens wore also injected into non-
dImmunized cobs but yielded consioctently negative results.
Histopothelosy

Samples of gkin from arecs of positive reaction wore romoved
by means of the blopsy instrument desoribed by Evans gt al. (1957)
and were fixed in ploroe~formol rcolutions for 24 hovrs aftexr which
they wexé procensed and scotions cut at 5 microns ﬁere-stmﬁnﬁa by
haenalum ond eosin, periodic ncldeSchiff, toluidine blue (pH = 4.0)
and phosgphotunpotic aclidehaematoxyline
Paopive Cutoneous Anophylaxis (PCA) dn the Guineawpis and Cot

PCA renctions in albino guinea-pigs of 400 prune woelght were




wl@feo

stinuloted by intradermal inooculation of 0.4 ml. oot antiserunm
followed 4«5 hours loter by intracardias injaot:!.cn of 0.5 mhe of 2%
Bvang blues Thirty minutes were allowed for thoe developmont of none
spocific blue coloration ot the prepared siten whereupcn T0«100 f! o
of antigon were administered intracardiecllys In eaoh anlual, cone
trol sites wore injected intradermally with asline and oot normnl
gorum,  After inooulation, all sites wore obgorved Lor 45 minuton,
any aress of blue coloration meagured in millimebres and the animala
gacyifionds Hamples of sokin from positive, negative and control
plton wore taken for histological oxamination and woro progessed as
olroady desceribed for feline skine. A similer protedurs woas adopted
for PCL renohions in the oat oxceph that in each caso the antigen

gomprdood 70 f!ag;. BHS and 50 /Jg‘f;. PGG

Mreet Skin To Senpitizaf Cate

In experiment I (Table 14) there was not any reaponse o skin
teats in the instance of cats stimulated by reponted injectione of
BSA in Freuwnd's adjuvant although one oninmed wan found to possess
detoctable amounts of cirveoulating antibody. ()t" two cats given
ropeated inmunising injections of BGG in Freund's adjuvant only one
(Nos 45) exhibitod an early reaction whioh hecame apparent within

15 minutes, wao manifestod in loonl ocedema and exythema bub faded
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in intensity and dleappenred within a fow heues.  In both onte, sube
agequont tesbts wore negative slthovgh preeipiteting sntibody was found
to bo present in cat Vo, 45 on ooch of the test doyne  In oot No. 47
(tumunized with BNS) a positive reaction was elicitod ot 48 houwrs
following Seoting on day 29 end at 24 hourn aftor testing on dey 30
and on gach ocoapion the locus of the test exiribited sn cocdematous
plague~like lésion, 2 cme in diemeter and covered by o fibrinoun eXe
wintes, Precipitating wntlibedy won detected in ithis animal on all
foun oecasions of teabing.

In Exporiment II, forx & poriod of vwp to ten days ckin bests wore
negative in all the cats exoepting Ho. 67 in which on the tenth day
asn ocdematous swelling appenced within 1% minubes of the introduotion
of both dilvbod and concentrated antipgens. That response had dige
appeaxed within 4 hours. Of those cats sensitized with BOG, Mo. 65
manifested on the eleventh day an carly responee $0 soluble sntigen
(Pablo lﬁ); which reaction developad within 15 minutes of injection
and wag nanlfestod as on ocdematons swelling that, however, dine
appoared within 4 hours. On days 1) and 14, cats Nos. 61, 624 63,
64 and 6% exhibited reactions which ocourred at the site of injeotion
of pracipitateo and wore spparent as nodular, erythematous lesnions
2«4 hours after injection; those chanpges were otill present at 24
hours bub had disappeared by 48 houva.

0f the threo ocats imownized with BNS two (Moo, 67 ond 69) gave
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on the fovrteenth dey o positive rooction $o gsoluble antigen, vhich
mand fostabion vas of the carly type, becoming appervent within 15
minvtes of injection sand having vonished within 4 hoursn, To IS
pracipitate the name two coto developed both an eoxly ond & late
response on dey 14 while oot Wo. 68 oxhibited only o labte responsa,

Ponglvo Bkin Testine of Guincseniesn and Ootsa

Guineneiinn

Prior to the injection of antigens non-speeific blueness did
not occour ob the prepared oites nor 4id it devolop within 4% ninutes
ot sites injooted with elther nowmel cal serum or eeline. A pooltive
ropction woe not obtained with gexe from onts immunizcd with BEA
whothar, or not, those sers conteined preclpitating antibody,
Oedonatous blue pabohes, 2030 nme in dlametor, were regularly obladined
ot sites injeoted with cat entisera to DG and BNS (Fig. 42).
Renobtiong of that type were Lowtheoming with sors conteining proe
clpitating entibvody even after dilution to as much as 1380 althoush
not nll such sora gave a positivd responpoe.
Cato

The only poeliive chnoges wore onsosinted with antisexum to BGE
(Pl 43)e Anbipers to BHS, elthough giving posisive PCA renctions
in the pulanea=plg, folled o olicit any renction,.

Direct Skin Tenhs in Gato - Hsbtopatholosy

An approciable in skin biopoies token 30 minmuten aftor injeotion,

the histologloal features of eaxly xeactions consisicd of depeneration
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of the epidermal cells shoun by loas of etolning affinity and by

incroogod fluid content of the oollo of the ghratum corninalbivum,.

L2 L

Hoessive demmal ogdoma gave nse to owelling ond separstion of collagen
fibres, which abpnormelity was most appaxent Just below the epldermis
{(Mge 44)e Veins ond oapillarics conteined lavge numbers of noubroe
phils nany of which had migeated into the surrounding tissuon (Fige 45).
Fogdnophils were not numerous, Theore appenred to bo & fall in the
nunber of wact cells present ond those which wore ¢ bo scon showed
ovidenoe of dogronulaeblion,

in the c&‘ne of the late~type renction, sections of biopsios
proocurad at 24 houre presonted sipna of epidexnmal degonczabion gone
ndeting of losn of staining offindty and incrcosod flwldisy of tho
cells, Tho upper dermis wan oademstons end hyporaemlc bub exhibited
1i5tle eollivlar rvenctlion whoreas in the cordun theve wao a nogeive
neutrophilic infiltration (Fig. 40) which ohseuved most of the bleod
vesselo bub a fou capillarices wers soon to contain laxes nunbors of
the latter celln, HMany of the noubrophils in the tissuewspaooes had
dled ond theilr nuclear yemnonts were abundent, In addition there
vers maﬁzf moorophoges together wvith o fow eosinophila. Moot calls
wore present to obout the gome nunber an in normal skin but wore
portly degranvloteds. In peebions atained by phosphotungstic aclde
haematoxylin the large asmoval of fibwdn found in the tlisnuewspaces

wag indiontive of the domage donoe t0 the walls of bleod~vepnalo.
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In ont No. 47, the atyplonl wesponse, which doveloped at 24 and
48 houwn aftor injection, consisted of necroeis of the epidermis
end dexmisg attonded by inbonse eopilloritis in the uppor corium with
popoeiated nouszephilic infilézation (Fige 47)e In tho doep doxmie
ond the subeutls theve was goveroe oodomo and vasodilatalbion and the

Woodwvessela of the aroen were pocked with noubtyvophils.

Papsive Bldn fasts dn Guinosepices and Gatp e Histology
Wwinaaanloes
(udnaa-ndesicn vogotions in the gulneswpis wore chaxactorlsed by

oedona of the opldomnia ond dezmig. Thyoughout the lalier part of
the oliin, theve ving alegy dllatation of thoe blocd-vessels and
lymphatica and mony of the small velng and espillarioes wore crammed
with leucogyben which woro malnly of eosinophilic end neuwtrophilic
type. NMany cosinophlls were also to bo found in extravancular
locationn. In the subeubls, mavelve eoslinophilic cccumuistions
yore congsplouous around the bloodeveasels and emlgration of those
ecllo through the wollo of wvelog wau to be ebsoxved, Yaost cells
wore not ogoen in oectiono stnined by feluidine bluec,.

The PCA response In the ¢at consioted of sovore oedeona of the
dernle and epidermio.  Although depleted in mumbor, moot of tho wast
golla were namm@l in appearance bWt a fow phowed some degree of

degrannlation. In the deop cubls and the suboentds the mool obvious
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changop vere vasodilatation and a polymorphonucl.enr~2osinophilic
invasion which wag, howover, less mongive than that found in tho

guinanepige

Digeuosion

The reooulte of tho preceding oxpordimenta olenrly indicate that
it is posoible to elicit immmologicel reactione to coextoin forelgn
proteins in feline ekin.  Thus, although consistently nogative
repults were obtained in ecots lmunized with BSA, poolitive dexmnl
renotions wore evoked in 6 out of 7 eats eennlilzed with BOG ond in
all four eats similarly troasted with BHS. TFollowing o ninglo dowse
of BAG (Cotn Nos. GLe68) or MB (Gate Nop, 67-69) in Freund's
adjuvant injected by variovs vouton, cutaneous meactions were forthe
coming an early o8 the 11th and the 10th doy, yespeotively, in ench
group and were ptill to be evoked on the 14th doy. lHaopeatod ine
Jeotions of antigen in Frowdte adjuvent were lego gservicenble in
the eptablishnent of cutencous hypersensitivity as defiermined by
toots corricd out during the thrso weeks after imaunization. There
wvag not any obvious rolationchipn botween thoe prosence of civaulabing
progipitating antibody and oxcosslve suncoptibility of the skin
Inagnuvch as skin reaotions falled to develop not only in Cat Ho. 43
poasegsed of antibody to BSA bub also sometines in Cata Nos. 45 and

47 that had developed eirculating entibody to UGG and IHS,  For that
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ahserration, a poosible explanction may lie in the prosonce of blooke
ing anbtibody inbibltoxy of tho combination of antigen and akin
ganaiﬁiaing entibody. On the othox hand, positive dermal wreactions
wore oblained from oats in whdch antibody was not dobentnble by mesns
of agor pel technigquesn, ng in the instance of Cats Hose. GleG4, which
finding moy bo a refleation of the gronter officaccy of leoond oubaneoun
snaphylexis in the detection of antigen (Kabat snd Mayow, 1961).

Thae timo token by losions to dovelop after teating together with
the histologiesl featurep point to two main types of reaotion viz.
(2) looal outaneous ansphyloxis whioh sppeared within minutes of ine
jostion of antigen and passed off within 4 hours and (b) the Avthuse
type voachion. Histologleally, the aslient features of looal
cubonacoug anaphyloxis weve oedens ¢f the dermin snd & marked porie
vaseular neu&xmﬁhilia ronponee combinod with a full in the number
and dagranulation of the mont collo. Arxthusstype recctions woxre
characterizod by a noutrophilic reaction so massive that 1t obssured
moot of tho bloed vessels but there was not any approciable deorense
af the maot enll population, In only one cat wan there observed &
regponge which did not comply with the above desoriptions bat took
the form of an acute neorotizing dormatitls that vesembled cases of
ollenglo vecoulitis oceasionally cnoountered in man (J. Do Hilne,
personal commmiontion).

Both local cutancous snaphylexis and Arthuse-type resctlons in
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the ¢at are bhipadly similar $o thooe experienced in othor spocios
though, in bthe cese of the fommer eondition, only a few.cosinophils
were to bo noted compared with the marked eosinophilic immigwation
which. oocurs in the like yonponse in the guineawpig (Fisher ond

Gooke, 1957)e Vhile the pharmaccloglorl mediator of feline cutaneous
anephylaxio ip sbill unknown, the degranulotion and depletlon of mank
enlla tend to suggest thoat releore of histanine may be invoelved.

Ag the guincoepig ip the most sultnble animal in which 4o study
cutanoous gonoltivity, it in forbunste that the cat in a Forsemane
pooitive aspociocs bthus eliminating any risk of nonespecific renctiono
of that type happening in paﬁaive.tﬁ&nsfnr studies, VWhile passive
toansfor of sonsitivity bo BOG and NS wos weguloxly oblained in tho
guinea-nin by use of cat antiocern, thabt technique was lowss successful
when applied o the ont, in whioh gpecles a posliive responso was
forthaoming only with antisexa o BGG. The reason fox thebt dispority
remaing ohgovee but may bo aseribable o qualitative diffevencen in
the fixotion of cat antibody to the skin of the two species., In
both ppecice of animal, the ronetion took the foxm of a loegal cubancous
byperseneitivity ond verded only in zogpect of the considexgble
pocunulation of cosinophils and the grester severity of the leniono
1n the guinco-pig. Howving regaxd to the relativoly greater nusber
of nest oells o be encounterved in follne skin, it is gonewhat oure

priging that the PCA »eactlon was po mild and, cleorly, further work
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in required to deternmine the degree to which the maét cell im involved
in direct and passive akin responses in the cat, Of singuwlar interest
is the foet that in feline eczema both the mant cell population and
bintamine content of the ekin show a four-fold increase,.

Despite the use of esensitizing procedures known to produce
dolayed hypersensitivity in rabbits and guinea-pigs, that type of
roaction was not élioited in any of the cate. The roason for such
fodlure was not determined but may roside in a spooles differcnce
inasmuch a0 the tuborxculin renciion, a typical delayedAreapanae, is
Aiffisuit to elicit in ocats sufforing from tubercwlocis (Francis,
1958)

In conclucion, the work hmg established that oat nkin{ﬁaw afford
a site for the production of immunologioal reactions to foreigm pro=
teins and assosiated experimentally induced lesiona. Through further
study of the pathogenesis of experimental ocutaneous hypersensitivity
in the eat, 1t is hoped to throw some light on tﬁe aotiology and

pathogenesis of feline eozoma.
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e A4, Hiptology of POA reaction in the cate Hote
doveld ocedemo and separvatlon of collagen
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Mige 45 Hstelogy of POA veaetion in cat, NHote
porivascular noubrophll response, Haonolun
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Big, AG vthusetypo reaction in ecat with intense .
: newtrophil responsc. laonelunm end eonln, %450,

Fipe 41 Acube ncovobiming dormotitis in cat No. 47.
: Hoto epideriel neerosis and morked subepidermnl
noutrophil responses Hoemelun and eosin, %110
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AVAPHYLAXIS IN THE CAT

Intxeduction

Although anaphylaxis has been cstablished in many speoies of
animalo singe the original experiments of Portier and Richet (1902),
hithexto there bas not been any record of the induction of that con-
dition in the oat. Indeed, according to Wilson and Miles (1964),
the cat is peoculiarly wvesistent to anaphylactogenceis and in the
only popor (Akaaau, 1963) on feline immme xvagannea_to foreli pro=
toins discovered in the available literature cats are declared to be
wholly insecnoitive to such stimadi. The ensuing soction furnishes
o record of tho ocourrence~ of anaphyloaxia during a serios of expore
inents in which the serological and dermal reactions of gertain cats

to paronterally adminictored foreign proteins were obsoxved,
Matexrials Iethods

Irounoloxdenl Proc 2

To dotormine the auscoptibility of tho cat to heterclogous serunm,
a 4 kge nnle, No. BAT, was nade to receive four sensitizing injections
of 1 ml, of bovine normal serum (BHS) that wes given suboutaneously
on doya 1, 3, 6 and 10 of the experiment. Blood samples were taken
on days 22 and 29 and the resultant sera were tested for preoipitat-

ing antibvodien by means of double diffusion in azny gel as well as
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by immunoelectrophoresis. A 'shooking' dose of 5 ml. of BNS was
given intravenously on the 29th day to Cat No. PAT and also to a non-
‘seneitized control cat.

A second case of anaphylaxis, accldentally induced, was ohserved
4 a 3¢l kge male cat (Wo. D66) that had been immunized with bovine
gamma globuline (BGG) (fraotion II from bovine plasma, Avmour
Phaxmacoutical Co., Lid.). The immunological history of this animal
vas as follows: On days 1, 6, 10 and 14 an amount of anbigen
cquivalent to 15 mg./kg. ouspended in complete Freund's adjuvant
(nigeo) Wi injeoted by four routes nt elght sites ap shown in Fig. 48
That procedure repulted in tho production of precipitating antibody
to one of the three compononts 6f BOG (Fig. 49)e Approximately

of *PTatrace labellod BEG was given intravenously on the 63xd

20 mg.
day during an antigen elininetion experiment and, thercaftew, the cat
ves resbed until day 320 when 15 mg./kg. of BGG in Freund's adjuvant
wos injeoted vla the paths already described. Once moxe precipltating
antibody wes olaborated., The final, and fatel, injection of 20 mg.
of BGG in 0.,15M NaCl was administered on day 441.
Histoloaical Obgervabions

Portions of tisoue taken from all ozgans of the body wexe fixed
in corrosive-formol solution. Afber embedding in pavaffinewax,
pactions wexe out at 5 microns and stained by haematoxylin and eosin,

by periodic acid-Schiff (Lillie, 1950) and by toluidine blue as well



ne by aldehydeefuchsin for mest cells (CGomord, 1950),
Resulig

Ddnlend,

Within one minute of the inftravenous injection of § ml, of DN
Cut Nos 4T exhibited e morked response, the main foaturor of which
wore vigorous seratching of the head, dlobtresged respiration,
galivation, vowiting, inccordination and genersl collspoe. The
snimnl remoined in o stote of aoute depression for 15 minutes and
thon gradunlly recovered, Twelve hours later it appearcd guite
nomaeles  In contrast with thege findings, the nonesensitized ocone
Lol et Ald not menifest ony sigms of diceage either luwedlatoly
aftor injeotion o during the i‘(ﬁmwing 5 houxns.

In the othoxr observed oase of ansphiiexic (Cot No. B66) indice
pdlong of 1llncss were again oxbibited within one minate of intrge
venouo injootion of antigon bub woro more cerious. The cnimel voosed
into o atobe of acute eollapoe, respiration way distrossed and coplous
guontitios of l;loodnmmimd frothy fluid escaped from the mouth and
nostriloe, Throe minutes later the enimal became comatoce and died,
Mthough formal controls did not exlst for this animal, it may be
enphapized that primary intravencus injection of BOG into normal cats

hea never been found to give rise to any clinical disorder.
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Postemorton I

AlY the suporficicl lysph-nodes of Cat No. B66 were enlavped as
might bo expooted having vepard to {the number of aubeubaneous and
Inteomagewlar injestions of anbigen that had beon admimiﬂtmre@ to
the aninal. In the tharax‘th@ré vins prescent approxinmately 5 mi. of
songuloesus Qulde The acntordor poetions of the loft and right
apieal loboes of the lungs wore groafly enlarged ond pale in'apgearn
enae as o vesult of pevere emphysoms, while the cordiac and &:laphm(ga
maddo lobos were moxkedly haemorrhogice (Flge 50)¢ Therc wos savore
pulronony oddenn end the trachen aﬁa major bronchl weve £illad with
blood-ptoined fluld glmiler to thot which exuded from the cub sure
foco of the lung. |

The liver wan of dark green colour resenbling thet indleative
of hoenochronatosioc, The etonach contained S-7 ml. of bloode-stnined
fluid (probobly, owedlowed just before death), but was otherwime
normal in appeavance,  Sigmificant lesions woze not noticeoble in
tho other orxgons of the body.

Hiotologicnl examination of tho lungs revealed massive huemorrhage
inte the alveoli. Sevore emphycemn wae obsexvable particularly in
the apical lobeg and to & lesser degmee clsewhere in the pmlmoﬁary
$issue, In thono alveoli ond bronchloles where hoencxrhnge was loss
oensplouous there was marked accumlation of oedematouws flwdd. The

avkerien and nrterioleos wore pnoked with leucooyhes, nainly of
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neutzophilic type (Fige. 51), a finding that has been described in
anaphyloxis of other animals (Gladetone, 1962) and due to which
there is o concomitant pexipheral leucopenia. Sections sﬂained
by teluidine blue and by aldehyde-fuchsin proved ﬁegative for mast
celln, ‘There wag some evidence of broncho-constrietion iun that:

the lumine of the bronchloles were less patent than normally.

Digcussion

That the phenomens, désoribed above pexrtain to anephylaxis ig
indicated by the xapid onset of clinical manifestation relative to
injection of antigen as well as by the similerity ol those signe and
of the poatemorten findings to those observable in other speciesn,
notably the gulnesw-pig., Further evidence that the réaction has an
immunologlcal basis lies in the lack of regsponse of nonesensiblzed
cats to the intravenous injection of INS and BGG.

A condition closely resembling anephylaxis was described by
Brodie (1900) in raapéct of cats that had been given a single intra-
venous injectianfof heterologous owx homologoué serun. The phenomenon
wep anslysod by Gilaing end Kutt (1944) who concluded that the
observed effects of decreased hesri-rate, fall of blood pressure,
altoved wvespiration and increased penistalols were due to a vagal
reflex aﬁd wore lergely abolishable by exercise of vagotomy or by

auinistration of atropine. In our experience, primary intra=-
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vonoun Anjection of €6 ml, of BEG bas been without olindonl effect
in § out of 6 catn tosted ond only nild transiond deprossilon was o
he obsenved du she oage of the solllbory offooctod animnl.  Foxther-
mowe,; o oingle indrovenous injoction of 20 mpe of IOG d44 not ndvote
poly offcot T cobn tontod.

Both the prons enntomicel ond histopethologicsl findings sirongly
augeent that, 4n tho ety $ho lung is fThe organ of the body moet suge
cepbilble Bo ancphylactio shock. The changos obsorwved, m::m::m,
hacnoxwhage, cedonn, omphysonn and loucoeytosin, Closcly ce:a:m:e:;mpaﬁd
with $hose dosoribod dn fhe cuinco-plg ($iloon and ilos, 1964).
Althovsa foline pulnonnry dlzove ig normally zlch in most colls (Riley
and Mooty 1993), tho lotbor wndbo wore totally abaent from tho lung
ol the offeoted andmal, vhich moy sdandfy thad xoleose of hilotowine
i dnvolved dn foline sanphylosdis. Withoud fundhor otudy, howvevoi,
44 in dmpoosible to dofince tho pelacipnl phermageloglesl nedistor
an ead lung is come 200 Himos mows sensltive bo serotonin than 14 is
to hintendine (Austen ond Mumphveys 1963)

Considorable furthor Investlgation is needed bofore o propow
aomporadive anseponent of the indvetion and pathogonassis of onaphyloxlse
in the ent becomosm possille, Tonowitadbly, pascive trensfor studlen

rinat b mdonbkalon and dn thila

b

racneed 4% 1o notovorthy thaet