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Introductions

It has been recognized from the studies of active immunization
that the parentersl introduction of foreign substances may cell forth
verisble recponsges in species~and individuzlse. The esrly work dezlt
with the treatments of animels, with bezcteriz or thelr nveuucts, for
the surpose of 1ncrewg¢ng the tolerance or r%aiauance of the znimslss
However, the most extensive studies of antibody formation have been
made with antigens which were entirely inmocuous, such es blood éells
and serum. Tt appeared, for & time that the antibody content of the
blood, =nd the resistance of the animal %o foreign'guhstancas bore =
parallel relationship.

However, it was soon recognized that the tre atment of animals
with any entigen, cellular or obherwise, may lead to increased
tolorsnce under certein conditions and within definite limits, but
nayy under other conditions, give rise to the very opposite, that
is, to an intolerance or increased Eusceptiéility. The accumul&tion
of this information has come from igolated observations scattefed
throughout the litersture, which were often ragarﬁed as accidents or
tecﬁnical errors. This phenomenon of hypersusceptibility was further
confused by the fset thet some of the esrliest work was cerried out
with subotancses toxic in @hemgulv g, such as Diptheria and Tetanus

toxin, thus obscuring the basic principles involved,

Historical.
Perhaps the first observation of protein hyperscnsitivity wes
, 1 |
that of Hagendie in 1838, who found that rebbits which had tolerated

‘two intravenous injections of egg slbumin without any ill effects
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immsdiately succunbed to & third injection made sfter a number of
dayde
2

Flexner in 1894 made an accurate statement of the phenomenon
in rabbits when he wrote, Manimels that had withstood one dése of dog
serum would succumb to & seccond dose given after thé lapse of some |
days or wecks, even wheﬁ this dose was sublethal for a control animal.?

| Knorr in 1885 found that guinea-pigs developed an incfeaaing
sensitiveness to tetanus toxin.

Hericourt and Riche*f in 1898 in studying the effects of eel
serum on dogs found they were not able to immunize them against the
serum, iﬁu'b that .on the contra:q} there wag an incrsasing sensitivity
to it so that i‘inaliy the dogs diede

Berhing and Kitas}ﬁmas, in 1801 while repeuting some of Knorrts
vork also found an increasing gensitivensss to teéemus toxin on the
part of guinea-pizge .

In 1902 Portier and Ric:hatb found thet if dogs were given &
very small doge of a glycerin extract from the tentzcles éf actinia,
and then in 15 or 20 days given a second smell dose, the animals
quickly»sacmmbed. ‘Ehe dose given was so small as 'to cause no
gymptoms in a normel snimsl. They appeer to be the first to use
the word i’anaphyla}:is" to indicate hypersenait‘jreness to & poisone
It means Pagainst protection®, to expx;@ss its antithesis to prophy-
laxis or Yorotective effectsh. Thia wafk constitubes the 'begn‘.nning_

of our modern underctanding of anaphylactic phémamem, since they

set forth the following principles.
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1. A definite incubation periloed is necensary before anaphylexis
‘can be induceds.
2: The anaphylactic state lssts many weekse
5. There may be some similarity between snaplylexis and immmitys
4y I;naphylaxis is to a cértain extent specific; ib.at is to say, the
’second injecticn should be of the same naiure as the firste
5. The ‘symptcsms of énaphylakis ave imediate and iniense, while the
gymptons of primery intoxication are milde
Arthus7 in 1905 found that horse Serum injected into rabbits. by
sny of the usnal paths of entrance was emtirvely innacuousu It was
posaible to inject even 40 c.c. without harm. If,. however, one -re—-
peatedly injected small amounts, at intervals a.f: several days,
eventuelly the later injections wounld give rise to infiltrationy
cdena and even gengrene at the poinis of injee‘%ism He rscognized
that this wag not due o cummlative action, but that it ma the
systemic nature of the phenomencn snd regerded it as analogous fo
the observations of Richete
| The "phenomenon of Thsobald Smith“ams described by this
worker in 1204 in the course of the standardization of Diptheria
.smtitsxin in guinea-pigs. He noticed that surviving pigs exiiibite
ed a great susceptibility to a subséqﬁent injection of horse serum
made seversl deys or wecks lé‘cer@
Almost simultaneocusly appeafed the papers of Ot't09 in Germany
and Hogensu snd Andersaonlo in the United States on anephylaxis in
the guinea pig using horse serum as an antigen. These studies not
| only confirmed previous work, but set down the basis of our present

knowledge of enephylaxis. Their elearly drawn conclusions weres



1+ A single injection of horse serum into guinea pigs, bharmless in
itself, renéers these animals hypersusceptible to a subéequent
injection given after a definite intervael or incubstion time.

2o Thipg interval, with the cordinary dosages empléyed {about 1 to
2 c.ce) was sbout 10 days. Properly carried out injecticns after
thig pericd were usually fatale |

3. The known antibodies, entitoxins, hemolysins, and preseipiting,
are not responsible for the reaction.

4. The reaction is specific, injections of horse scrum sensitizing
to horse serum onlye

5« The sepsitive condition is transmissib}e from mother to off=
spring, the young of sensitized mothers being hypersusceptible
to the first injection of horse serums:

6.‘ The reacticn is extrenely delicute.

7+ The hypersusceptible state ip not & transient condition, but
may last a long time.

With the'basic prinecipsls of the hypersensitive state estabe
lished, in the years following a great number of papers appaar@d which
oxtended our knowledge, and described the phenomena ag they appecred
'in other animels.

1 12
Piedl and Kresus in 1909 and Pesrce and Eisenbrey 1910 were
among the first to deseribe accurately the symptoms in dogse
5 _
anw&ringl 1911 claimed to have activelyy sensitized 25% of a
‘ 14
series of cats to horse serum, and Schmltz in 1911 described a drop
in blood pressure in sensitive cats by injecting & shock dose of
horse serume

15
In 1924 Parker and Parker appsreatly sensitized white rats by
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& 3 1o intreperitoned injection, or by 3 intraperitoaneal injectiong

at 5 day intervalsw\
‘ 18 .

ahringer in 1926 weported sensiiization of pigeons, at btimes
sufficiently high to give lethal anaphylaxis, by a single intravenocus

injection with 0425 c.c. dog serum. HMaximum sensitizstion appsarsd

17 .
about ths fourteenth 6ey. Henzlik, Butt end Stockton in 1927 were
able to demonstrate the reciprocsl acticn of the crop muiscles in
sensitized pigeons.
18
In 1225 Goodner was able to demonstrate considersble slowing
end diminition in auylitu&@ of the excised SQnsltlznd frog heusrt,
when brought in conbtact with the specific sensitlzing substance. This
reaction seemed ﬁa.reﬁ;nble 1ight perisheral parasympathetie stimulations

19 .
Sherwood in 1928 pasgively sensitized 3 to 4 doy old chick embryos

%

with high titered immne rooster serums The eheracteristic response
wag a marked QlOWln” of the whole h@&rt Ln diastole and oocaaxonmlly
cafdiac stendstill end desth. This response was evident within 2 1/2
minutes after addition of the non-toxic dose 01 antigen end did not ocour
when the embryos were teshbed for dessnsilizatione
20

In 1928 Sherwood and Downs pessively sencitized gend turtles with
hizh titered rooster serum. The heert was utilized in situ and the
ahock dose introdgced directly into the ventricle.‘ The Tesponse was
- specific and consisted of & marked slowing of ithe heart, increese in
diestole and & decrease in smplitude. Every hoart showed densenitizaticn,

: Rl
upon second injection after return to the normal rythms. Downs in the

sape year actively scnSLtlzed turtl»" to memmalion serum with 3 or 4
lajections into the coclom given aboubt three deys apart. The response

was specific und similaer to that reported for pessive sensitizaticns
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Definition of torms
Thus we ﬂaae seen that states of increszsed susceptibility have been
described for meny enimel speciese. In the vast sccumulation c_ef literature
on this subject aré to be found descripticns of many and vziriéd responses
to the injection of almost any types of substences
Because of thege many types of altered responses, and the fact that
they are éiv&i‘sely clageified by suthoritics of note, it seems fitiing
to discuss then heres
g2 : _
Von Pirquit in his studies of serum sickness, introduced the word
allergy, measning Valtered resctivity®. He . used the term in camectign
. » ) ’ ﬂS
with protein reactions and implied antigen-antibody reactionse Doerr -
took over the term allergy, but expandéd its meaning to emlﬁ*:ac@ ali
types of altered resciivity whether due to antigens or not. His class-
:‘Li‘iéaﬁian in brief ist
Le Hyparausceptimuty (énd‘ lessened susceptibility) to non-
antigenic substances.
2+ Hypersuseceptibility to sntigenic substances.
a« Subgtances - toxic in themselves
bb. Protein zm"t.igens hot primerily toxic
: 24
This classification wes chenged somewhat by Cocas Hc nsed the term
hypersensitiveness to include all the conditions znd divided them into:
Le 'Anaphylmﬁ.ﬁ ~ = Phenomens in wﬁich an antigen sntibody reaction
has been proved.
2+ Allergy - - Hypersensitive conditions in which the émtigen—-

antibody mechsnism hag not been showm to be the underlying

CAUDCe
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25
Eolmer thought that since the fundamental change appesred to be a

state of altbered reactivity of the body cells, which wes usually en in-
creased susceptibility, tut may be the reverse, allergy wae the mosh
appropriate térmm
26 v

Zinsger in bhis classification of increased susceptibility used
the term true anaphylaxié to dénéte a protein hyperseﬁsitiveneas in
which entigen-entibody reacticns were invelved, an& in which the in—
citing agént w88 un&éubtédly an sntigen, and as far as was known, ine
heritance from’both pafents played no fcle;

Wellsgvdefiniﬁely limited the term anaphylsxis to knowm anti-
gen entibody reaction and discussed separa%exy‘aéhar conditions in which
the actual mechantem wes somedhed in doubt.e

In this paper asnaphylaxis is used td‘denaté a hypersensitive state
induced by & single or miltipls injections of & soluble protein of anti-
genic ﬁ&ture, end made memifest by a further injection of'thé “éhbck
éosg” of the same pfct@in after the élapse‘of a suitable perieé of time.
This éiaps@d time between the administration of the scnsitizing dose and
the shock dose will be called "incubation period”s

. - , . 8

The criteria of true anaphylaxis as expounded by Wells,2 end which
arc accepted as a staﬁdard; ares

le The observed toxicity of the iujected materisl must depend upon
the sonsitization of the cnimals l.e.4 the subatance’musﬁ not produce
gimilar symptoms in non~gengltized snimelse

2; The symptomsa produced must be those characteristic of
éna@hyiactic inﬁoiication s obgerved in the usual reactions with typical
soluble groteiés, being therefore the ssme for all entigens with the.

sane test animul, tut differing characteristically with each species of
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enimale

3« It should be possible to dembnstrgte pagsive sensitization with
the serum of sensitized animslse

4. It should be possible to demonstrate typicsl reactions in the
vergin guinea pig uterus stripe

5« It should be possible to demonstrate emeliorstion or prevention
of the bronchial spasm in guinea pigs by proper use of atropin
and epinephrine.

Be The possibility that the observed symptoms are czusad by
capillary thrombesis or embalism'must'be excluded.

Te After recovery from anaphylactic shock there should be exhibe

ited & condition of dencensitization under proper ccuditions".

Anaphylactoid Reactionse.

Bumerous cases have been reported in the literature as ancphylexis
which do not conform to the criteria of Wellse Eany of these cases are
those following a single primary injécticn of some cqlloidai non-protein
substance. Although ﬁhej induce at times, the entire train of symptoms
typical to true anaphylexis, the fact that no sgensitizing injection is
necesacry and that &eﬁén&iﬁiz&ti@n does not occur excludes them from the
true snephylacitic phenomenas This sort of reaction hds béen investigated

29 '
by Henzlik and Kersner end designated by them as "anaphylactoid henom-
ena“uv They described some %0 substances #mong which were althea
lersimallow), gelahin, agar, acacla, ete.; which induced this type of
reaction wh@n'injecﬁed intrevenously in animalse Hanzlik and Karsner
heve shown thoet the snaphylactoid phenomena are dependant on capillary

tirombosis, agglubination emboli or capillary toxicitye



de

Neture of the antigens.

Any protein capable of semiﬁg as an antigen in other immmologicel
reacticns may be used to produce the {;ypicai anaphylaxis resctiong and,
és for as now esbablished néthing else will do it. ‘Ilﬁe amount of protein
necesgory to produce the rsaction is extremely amall.;; The proteins cone
cerned must be foreign to the c&irculaﬁizig blood of the injected snimsl,
but they may be tlssue proteins of the same animal which are not normally
present in its blood, such as placents or lens proteinse Since positive
resulté cannot be obtained with mest of the frectioms of praﬁein cleavage
(peptonas, polypeptids, amino acids}, it is not casy to acecept the s‘baf.he-
ment 'bl;m‘b anaphylaxis cen be produced by rsla‘bively simple synbhatic
polpeptids. There ave also derived proteins such as gelatin which mot

34

baing antigenicy do not produce snaphylaxis, This is believed by Starin

to be due to deficlency of tryptophane and tyrosine and phenylalaninee

The prote:‘:.ix involved maey be either non-cellular or cellulare Of the
first group, various sera and egg albumin have undcuﬁ'be&ly been mosh
studied. Plent and enimel extracts heve alsc been utilized in an effort
to esteblish relaﬁionshipa between biological and chemical specificityy
The cellulsr proteins most studied are erythrocytes and bacterias. Anas-
pm?l&.:fifs in the rabbit has been produced by coc_azoin 1918 and by Grovesl
1332 by the injections of red cell suspe:a‘sions’..

~ Zinsser and Parkersaimve demonstrated both clinicel and isolated
smooth ﬁusele,z*esggbnsas by the use of bacterisl bodies. Sherwood and
Stoland sshave likewize demonstrated thess facts tub in contrast to the
first observes, conclude thet sensitization with bacterisl extracts is

mich more difficult to demonstrate in the isolated uterine hora than

with clinicel symptomse They also report Pwe feel justified in the
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conclugicn that the smooth muscle reaction of Dale ie not & necessary

criterion of sensitizetion with bacterial extracts®e

Sensitization

Actives Active gensibtization is a term analagdgs to active
immmnization in that it signifies that the animel is s&nsitized by the
injec%ion.of the antigen, and develops its semsitiveness in physialugicél
resyonseitoﬁthe injection. It is usually asccomplisbed by the ﬁarental'
introduction of fereign,ﬁrcteigs by any one of the common methodse

In guinea pigs it is uSually & gingle subcutaneous or intra-
?aritoneal injection.’vIn dogs it may be accenmplighed by‘twa or three
subeutaneous injections on successive aays; or by one suheut&nedus
injection followed in 48 hcu%s by en Intravenous injection. Hultiple
injections are usually req&ired_ﬁo produce ihﬁ hypsrasitive state in
rebbits. Multiple injections have also been used in the attemgted.&ctive
sensitizetion of catse

For several days, usuzlly soven to twelve, after the sensitizing
dose, subsequent injecticns of the homologous proﬁeia produces no
Symptcmé of anaphylactic shécka If a gsecond injection is administered
within this peried the animsl is more lisble to bécome.immune than hyper~
sensitive. The maximum hypéréensitivity is usua;ly reacheé from fourteen
to 21 deys following Senaitizatign¢ After the maximun is reached, perheps
the éﬁnSitivity slowly decresses, but persists in'semé degree indefinitely.

Peg ive: & nofmal aninal may be‘passively scnsitized by introducing
into iﬁs bady serum which conﬁains anaphylactins or the anaphylactic

antibody. This antibody may be found ing



le The serum of actively ssnsitized animalse.

2e The gerum of an enimel not yet sensitive - in the pre-

anaphylactic period.

3« The serum of a desgensitized animal.

4, The serum of an immunized animal.

One species of animal may be pascively sensitized by the serum of
another species. The poriod of incubation must be at least four to
six hourse The meximum hypersensitivity is resched from 24 to 48 hourse
Psgsive sensitization may peréist for four to six weeks, after which it
usually cannot be demonsbroted.
Antibody involved.
38 4

Doerr end Buss were the first to show thet there wesg a &i}:‘eset
relotionship between the power of a serum to convey aﬂ,aph,ylé:cis passively
and i%s contents of précipitins. They were incliﬁed,ﬁ therefors, to
agsume that p:cec:i:giﬁin end anaphylactic antibody were identicsls This

_ _ i
was in keeping with Friedbergerts qurely theoretical idea that pre-
. , . z7
cipiﬁim; and snephylactic antibedy might be thz: Sames {}@i; in 1824
steted "In animsls with éithar passive or active mmzziz&tion there is
a vary close bub not exact parsllel between precipitin content of the
serum and thab occurrence and severity of specific inflammeticn®.

Zins:aeroahelﬁ that aimphylactic sénsitizers and preclioitins ave

identicel.
39 ,

However, Ppain and Grove found thet precijitetion and anuphy~
luctic reacticns in rots might possibly represent two different imme
unoclogicel reactions. Henwaring and others showed that the sensitizing
sntibody in dog serum was not the same as the specific precipi‘bin of

41
test tube reacticnse Sherwood snd Stolond have been unable to correlste
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the precipitin content of dogs with sensitizetions Kurotehkin end

48 - ‘ o
Linn:?in 1920 and Lim and'Kuratchkinésin_lgsz in aaﬁi?e sensitization
of guines pigs with two yeast~like fungi (HMomilis Pinoyi and Monilia
Psilbsis}.fpund thet sensitization appeared before demonstrable precip-
itins. Grbveééeanclﬂded, Mactive sensitizetion of rebbits does not
depend éntifely upon. the ﬁagreevaf antibody proﬁ&ction because animsls
shcﬁing high.poéﬁr of anti&cﬁy production may be wholly insensitive and
vice.versé.“ In our etu&ies, we were unable to show strict correlation

of precipitin content and sensitizing power.

Symptonss

The elinical and experimentel symptoms of true ana@hylaxis'ha#e
been clearly worked out for the guines ﬁig; rebbit and doge A brief
reviaw of each would he fitting beforse ﬁhe nezger information is dige
cusoed cénterning gnaphylexia in the cate

Guinea pigs a short time after the sensitized guines plg receives
the shock dose, the animal grows restless and unessy, end ususlly rubs
iﬁs nose with its forepa%s., It may sneeze and occasionally emit short
coughing sounds.. At the seme time en increased rapidity of respiration
is no%icéabie and’the fur appesrs ruffled. Therse mey be a aisch&:ge of
urine and feces. In light cases the animal may remein in this condition
for a few minutes, then groedusl slow recovery scts in end mey be complete
in %0 minutes. In fatal cases the preliminery stages are followed by
groct weeknes:. The animel falls on its side, the leg aﬁd trunk muscles
twitch iréegul&rly and the respiretion becomes slow snd shallows The
very appavent dyspenea ig of & inspiretory choractere Genersl cone

vulsicns set in and the animel usually dies.
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An immediete opening of the thorax shows the lungs distended and
ﬁha heaxt ;till beatinge Gay and Séﬁthﬁrd45ware the first to~de§cribe
this feature and spoke of finding "pulmonery emphysems as a constend

eature &t sutopsy", and attributed dezth to & cessation of respivstion

in ihe ingpiretory phuse under the influence of respiratory centrel
o
intoxication. Auer and Lewisigfcanﬁ that the pigs died of'aﬁyﬁyxia,
due to tetenic contractions of the smooth musclature of sﬁ&ll bronchioll
and slveolsr ductse The asghyxia WES dée to peripherel causes. It
was manifest When both vagl were sectiagéd and when the medulla and
.Bpinal cord wore destroyeds Théy recorded a preliminary rise in bleod
‘ 47
pres:ure with 2 subsequend slow f2ll, Anderson and Sghultz showed that
the asphyxia could be éreventeé by atropine, adrsnsline and chloﬁaKVdrate
: 48 ‘
plus urethane. Schwltz demonstreted that isolated intestinel segments
from sensitized animels contr&zt more strongly in prescnce of anligen
then do normal segm@nﬁs. Dale gdevelopsd the Puterine horn tecimique
which is now cited by Wells as a required criterion of true anaphylaxise
By its use, Dzle was able to demonstrate the specific contraction of
sengitized virgin uberine horns of the guinea pig in the preswnce of
homologous anbigen.
50
Henwaring and obhers hsve reported specific contraction of smootglv
misculature of the urinary bladder in angpnylactic‘guiaea’pig3u~ Grovey
hoﬁever, has shown that asphyxie in guinea pigs by ligation of ithe
traéhea, will cause the bladder to contracte This reaction can be.ob-
teined in one minute. Hﬂwe&&r, che demoustfates a gpecific contraction

of smooth muscle in isolatod strips of guinse pig bronchioles

‘Rabbitps When & sensitized rabbit receives & shock dose of specifie



sntigen the following train of symptoms ure manifests The resyiration
quickéﬁs and the enimal lies down upon its @L&omen for & tiuey often
with the hind legs outstrstcheds 4 graatar’or smeller aumber of dry
fecal péllets are passad. Within a few minutesy however, the rese
piraetion élows, end the animal seddenly falls over on its side with
clenic 6ﬁnvulaions of short duration. The hea& is retracted Strgngly,
the irls vescels, gums and tangua arerpale, snd the pupils are widee
The convulgions arc gometimes preceded or ﬂccomgénied by feeble criss.
After the convulsions £hﬁ animel lies motionless without resplraticne
In less than one minute the tevminsl group of gra&n&lly'weakening
regpivetions aspearse These are preceded snd zecomnenied by openings
of the mouth. The animel now shows no visible or pzlneble hesrt beats
or respireticnse The animel is completely relaxed, end the abdominal
walls ulge when it is pleced on its back. Usually very achtive
peristalsis of the cecum is evident.

Agide from a rather charscieristic end universally descrlbed train
>of symptoms shown in the unmnecthetized hyperscnsitive rabblt, perhaps
the circulatory system hzs, dezervedly, roceived move atbention in ths

nesthetized LnapAVIGCth rebbit than an; of the other physiological

52
' syctense Auer pointed out that cardiac turb‘ﬁcns layed 8 very
imnortent role in the acute czses and described the hesrt as followss
The hewrt examined in situ immediately after re ra%;an hos cecsed,

iz found to be in dizstole, the ventricles caa%z&ctinr feebly or not at
all, while the wuricles beat fairly strongly and at & more raplid rate
than the ventricles. He further stated t““a the entire righ side of

: . 53
the heart was much ingorged with blood. Auer and Bobinson YLy
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glectrocardiographic methods demonstruted a slowing of conduction and
V 54 '
auricular blocke Menwzring snd lerino ssid there was usually & distinetd

or marked wise in blood pressure immedist el,y f’ollo wing tha shock dosoe

This rise gave way to a grathal fall whxe”z ra,&ci‘&d e minimmn in from eight
55
to twenty minutes. Coca while working with wa"heﬁ strome was probably

.

the first to roccognize the constriction of mulmcmr;r blood vessels as &
56
part o!.‘ rabblt anaphylexise This was confirmed in 1914 by 4irila  who

recorded an inevense of pulmonery arterisl pressure following the ine
87
Jection of the shock dose. Coca  from perfusion experiments cs%*m...uded

-

""‘rwre was & pulmonary capillary conatriction in enaphylactic sizock of

58
robbitse Bally confirmed the blood preseure findings ar»viou.,ly report-
ade e also described a ')*T*inharal civeulstory "hlenching x*a&wtw s L

Ag well as an incresce in the clotting time of anaphylactic blood and a
‘ 51
definite decresss in body ﬁemperature ﬁuring shocke Grove has recorded
specific contraction of ala ted m..mana,. v aptery “Zﬂrj_;::s when in spntact
with homologous =sntigen. Thus it apoesrs tmt the éctive smooth miscle
in rebbit anaphylaxis is thaﬁ of the pulmenary az.ﬂ"éerial .sysiiemc
Doge Anaphylexis in &sgv has been smdz.ﬁd gquite e.»:i;enene]g. The
shock dose administered to 5’,215‘.‘(312@& dag; ceugez them at fir;»‘i; to be-
comes‘ restless, vomit, snd dischsrge urine and focese They then become

rayidly weak), fall to the Dloor, conbinue to Lwitel end vomite The

regpiretion bocomes labored and irreguler. Thers is genersl weskness of

the muscles at not paralysis. The presceding symptoms were described by

‘ i1

Bizdl ond Krsus togetizer with a c&mﬂf*c rigbic fall of bleood pressure.
12

Poerce end Fisenbrsy  also mxserwd thie drop of blood pressure followed

by objective gymptoms r“’mmc.lc to cerebral aner suise By expsriments in
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which the peripheral and centrzl vasomotor mechsnisms were separeted,

(deca.pa?:t‘ation p destruction of the ¢ rdy ete ) it was shown that the chief

inflpence was exerted on the periphersl vasa-—mctor systeme Eisenbrey and
59

Pearee used myocardiographie records to show thet the functional

activity of the heart was not primarily affected by the injecticn of the

shock dosee The rate and rénge of conbrections remeined unchengsd until
after the bloed pressure had sterted to fell. Subsejent changes were

60
due to incomplete filling of the right hesrt. Pepper end Krumbhasr held

et the incresse of cosgulstion time in sazohyleetic dog blocd was due
te lack oi‘ thromborlsstin or excess of antit%wambiza. liore recently Haniw

Waring snd Ceworkere have reported smooth mascle contracticns of the ine

61 .
tentinal tract end bladder, elso incressed perfusion presscure of isolsted
62 , 83 .
organ tissuss However, Sherwood snd Stolend conclude from perfusion

experiments thet the phenomena consisbing of 50- to 75 per cent raduction
in r&.i;e"ei‘ flow of perfusion £iuid, the development of a rubbery con=~
sigtency of the lungs md the appsarance of & trachesl exmuds ta., &ll in
four to seven minutes are not peculisr to the sensliized dog =5 judged
by the blood ressure snd cosgulation time phenomena. However, these
suthors were able to demonstrabs sn slitersd ehronazie of the vezi in

: : 64 v " .
cengitized dogs. Simonds hes shown that the emooth mizcle of the
hepatic veins of the dog is particularly shundent. His experimeats tend
to confirm ‘X:hc view that the fundemental mechaniem of anapl axig in the
dog huas its pm?siological besie in the constriction snd ensiomicel dis=
tribution of the smooth muscles of the hepatic velise

Cats: OSince this paper deals perticularly with ene phylaxis in
the egat, & more detailed review will be "*J.ven of the few studies pre—

taining to that subject.
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B 'odie in 1900 c‘t@sc:ribml & sudden fall in blood pressurs end abe
NIOTHE Nvurm,,m 10110%21” intrevenous iﬁj“éctions mi’v horge serum in
i vﬁs; Thig rec.ctmn was also produced by all othsr mmalim gsera and_
i ege vrm.ter. This toxic acticn of serunm was a m&‘tﬁﬁl“ of gzeﬂt im upOY=
tence in this connecm i, &8 1t mey c zsplicate to & greater or less eXx-
tent eVery inj ection of serum in thss cat; Smcs it hw been carefully
deseribad by Drodie, it is therefore known &s "”‘h@ Bro&ie Reactionfe
, ’aiﬁ recchtion was not found in the dog or rabéiﬁ,» tut only in the cat,
end wag obtained from the trevenous mgectmn of gerum or egg-white
wilch produced & marked inhibition of the hes :-.:nd & severs fell in
vlood psressures Becovery begen in ten geconds end uéﬁall;; was complete
in ten minutes.

13

Henwardng in 1910 investigsted snaphyle ‘aic shock in cats and puab-
lished typical Brodie reacticns to hovse sevvm. He elio deseribed
another type of reacitiony %115.@11 was a slow gin};ing in Plood p:-ezssu:qé
thet reached ite lowest .;.cvu}. in twenty minutes after the shock doses
Recovery was complete in 90 minutes after which time the snimel was im-
mane tb g second injection. He &lso recorded loss of caagulibili{;y of
the bloods

14

The gynptoms in the intact cat as described by Scultz were as
followst The gross symptoms of serum intoxication in the czt are
practically the szme as those ob%,wl in the sensitized deg.'« If one
injocts cats intravenously with stepile horse serum, g,I'uVC symptons
result, both in non~gensitized end in sens m;i.ded animalse The difference
between the mecroseo opie resciion of the formexr mt’q that of the lattier

is chiefly one of degrec. Within cne minui;a ai‘tes: intravenous in-

jactz.on the czt is lying limp on the floor unable to wall, palse very



thready. Mimal passes feces and urine. The respiration is greatly
increased and somewhad a};;;rsgmnvé ic. .The cath mmam: in exbreme si;mck
for ;{:*:}.v:;: to ‘q}én ﬁhﬁuuﬁo then there is usually slow gradusl recoverywe
Bchultz else reporied thet horse serum cauged constriction of the
sulmonary arteries, cemxia.ry evberies, snd sy:s"cémic arteriesy and also
scted directly upen the heart muscle. zﬁoma.l caz:l;;«é usuelly recovered
from en intravencus inj 9{*:&.5.0:1 of 245 Cets of horse serum per kilo,
wihile sensitized cabs usuzlly died. The ecbion of the scrum was perish-
eral, sines destruction of the brain and spinel courd did nobt materislly
slter the end results. The sbdominsl tlood vessels played at best only
e sscondory part in csusing the low blood pressure since a fall of blood
pressure was obteloed when all abdominel vessels weve clamped offs
Atropin :sulphate mey or may not inflummé ths circulsatory phenomnensa

Schelts dege

& B

ibed only the rapidly latal type of snasiylerise
56 : :

Edmunds in 1914 studisd the affecht of egg white on normel end
sensitized cats. He found thet as 1little as five tenths to one cuble
centimeber produced s dro§ in Blood pré:szmre of as much as £0-25 m.x;i.;-
hg in the normel cate The heart wus weskened and ususlly slowed from
20 to 20 Ee&ts per minute. These results could be brought ocut as often
a8 an injection was given.‘ In sensitized animels he deserib{;sd & slow
drop of blood pressure which reached :u,.; lowest level in fifteen
minutes. There was little tendency towerd improvements In these cases
there wag sonme ezccalerétian of ﬁhe heart and scome wwzkming. & gecond
Injection of egg white produced no effect, and the blood had lost ite
property of coagulation. ’i’hare was somev impeirment of the lungs, which
oecﬁm’m} in hoth phases, they neither infleted nor collapsed welle

Edmunds also reported & decresse in liver volume following the
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injection of the shock dose; bub dld not attach much significance to
this obssrvation. He concluded that appar-ntly cets are not senailtized
very susilye.

87 ‘
Dfi.m:c,r and Broufenbrenter in 19Z4 investigeted the puluoonary

erterisl pregsure of active..y sensitized cetse They found sxtra=
ordinary z*c-xactivi‘ay of the pulmonary circulation to forga‘m proteins
guch as gulnes pig, rabbii, howse, dog and sheep sere od eg,g elhumine
They reported & sharp rise Ia pulmonary arterisl pressure, with & fell
in gystemic bloecd pressure su@seuinent to the injection of dog znd sheep
serum in sensitized catee. The veachbiocis sre éimilar to these in rabbits
tut legs moarkeds

It is resdily seen from the preceding review that the ensphylacvic
phenomenon in cats is complicated by t’iw naturel sensitivity of this
. enimel o the injection of forgein proteinss So confused and vegue are

the aveilsble reporis on this subject, that some doubt remsins as to

whether true enaphylaxis hoe been observed in the cata

Theories of the Mechanizm of Ansphylaxisa

Humerous theorics have been proposed to explaein the mechsnism of
snaphylaxis. HMany of the earlier theories conceived vegarding the
phenomens develaﬁeu along lines which now seem fantastice Howéver* none,

8 ,
with the exception of posaibly Sherwaod‘sﬁ and Stolend serves to explain
all 0hag$ of the phenomena.

The chief point of con+rcversv originelly wss, whether or not a
poisonous substance wus produced which was responsible for the reaction.
If & poisen wam'produced;‘whethﬁr it was produced in the circuldting
blooﬁ, humorel theory, or in the body cells, celluler tnecnyﬂ The

former postulated the presonce of euzymes op clesvage ecticn forming
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the toxic substance. The latber is explained by disturbances of the
colloidal or elec“‘c.rélyte balance of the cell. A oummary of the theories
advocating the lmmorsl theory will be given first.

€8

Vaughsn snd Wheeler thaught that follawiﬂg the initisl injection
of & protein, enzymes were produced which quickl},r split the protein of
the shock dose into a toxic end a neﬁ-—texie froction. Ib was the toxic
fraction which produced the symptoms of shc.ék.

: 70 : 71 ‘

Friedberger and Friedmen explained anapkz; axis on the basis of
Ehrlich's side-chain theory. The foreign probtein called forth the
production of revceptom, which x*emaine& seszile in the bluosi. Upon the
injec‘tieﬁ of the shock -dose, the sessile receptors united with antigen
in the presenca of complement to form enaplyloboxine

Hicolle held that sensitizetion produced in the tissucs two sub-
stances, ﬁiﬁmﬁzmlyﬁin and él’r}uminscaagulen.; ﬁi‘tm* the administration
of the shock dose the antigen wus rapidly Qissolwfed by the albuminolysin
with the formation of toxic substances.

J abling;; Potersen and Eggstein.%ccncladad that the “intc:f;icatien
is brought sbout by the cleavege of serum proteins through the peptone
s’o&ge‘bya nongpecific protease” and thet "the speicific clement lies
m. a rapid nobilization of this fex*zn&zﬁ. and the collcidel serum cﬁanges
which bring about the change in antiferment titer.® This is very similer
to that of Veughan and Wheeler.

Abel and Kubatamadvacated the production of histumine as & protein
cleavage product respongible fq‘r the shocke Dale objected to an %-»

zyme explanation, but does not offer any other explanaticn. Dsle  has

listed the chief resprebs in whiceh histémine fails to account for all



phenomena of anaphylaxis.
| 1. It feils to decensitize sensitized snimsls or tissuey yet
produces strong reactions in the uterus strip thet has been
thoroughly desensitized.
2. Histamine does not produece the temparatnre reactions ususl
in an&phyiﬁxis‘
3+ Histamine does nobt produce the changg_in coagulability of the
blood ususl in anéphylaxis.
, 76 . were
leawaring belleved the smooth muscle comiracticnfdus to histanine-
like substance (hopatic-snaphylotoxins) explosively formed or liberated

64
iy the anzphyluctic liver. A5 was nenbioned, Simonds explained this

R
by the snetomical distributicn of smooth rugele Im the hepatic veins
of ths dogse

Whilé these theories differ in many regpects, they are all
spparently dependent on-enzyme or clesvage acticn forming a toxic sub-
stance respongible for the phencmena of anaphyloxis. Huch evideace has
beun produvced in favor of these theoriess. The anapkylactie response is
closely simulated by the injocticon of higtcmine or peptone,‘hawavar,‘

28

Wells hes outlined the evidence against the humoral theory sz followst

l. "It does not fit the latent period of passive sensitizaticne
Intracellar formation of anéphylatexin might account for this,
howevar."

Re "Complement is not essential since animalg deprived of
complement in the circulating blood may still give snaphyle
setic reactiong. Here sgein ome may suggest intracellulsr or
reserve complement.®

Se¢ M™All attempts to prove that complement is & proisclytic

ferment have faileds®
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4. "inaphylatoxin activity has been produced in serum by
digestion in the absence of cpmyl@manﬁ, in the sabscnce of
antigen end in the absence of antibody. On the other hand,
if sntigen and the sﬁecific entibody sre injected simltane
eoualy into the opposite jugular vein of a guinea pig the
animal shows no evidence of iﬂtsxicéticn,“

5+ "In the anaphylatoxin exporiments the existence of capillary
embolism or endothelial intoxicaticn has not been pxcluded
and there is reason,io believe thét moat of the observed
symptoms are enaphylactoid.®

In‘additioﬁ to the ahove descrepancies, Sherwood hes suggested
that the specific contrection of sensitized isolated smooth ruscle is
inexpliceble by ansphylatoxin formation.

The early cellulsr theories zlso pogtulated the formation of a
poisonous substences in or on the body cells. The l&ﬁer theories
gxplain the phenomena by other mezns. One of the theories assumed a
. " 77
nervous mechanisme. The exponents of this theory were Ricket, Gay snd

78
Southerd and others.

Richet suggested thet when the sensitizer or ansphylactogen was
first injected it caused the production of a substance which he called
toxogenine. This toxogenin, on the second injection, combines with the
protein to produ¢e a poison called apotoxin, Which through its action
on the nervous system produces the syﬁ§toms of enaphylaxiss

Gay and Southard thought that every antigen consisted of two
elements, one toxic, anaphylactin, end the other nou~-toxic or sensitize

ings After the initial injection the toxic anaphylactin was elinminated
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from the body end the non~toxic porticn was retained in the cellse
Subsequent to the injection of the shock dose, the toxic anaphylactin
porticn was rapidly absorbed by the sensitized celis and anazphylactic
shoek resulted.

The mechanicsl irritation theory of weil and of coca agsumed the
formation of a specific precipitate in or on the tissue cells. The
precipitate acting by physicel means was responsible fop the anapiylaclic
gymptoms.

: 79
- Opie held that anephylexis wes essentislly csused by inflammation
of thé tissue producsd when antigen and.aatiboﬂy met within theme

Kritschenslky, Dosrr end Moldovan and to some extent Novy and De-
Kruif assumed that a chanze in colloidal dispersion of the cells
occurred and was either directly or indirectly %hé c&usa‘of anaphylactic'
gymptonga

- 68 )

The theory of Sherwood and Stolaid seemed to explain all menifest-
atiqhs'of anaphylaetic phenomens. It was ag follows: If an enimel is
sensitized end then given a shock dose of antigen, the union of aniigen
and antibody in or on the tissue cells, %rings shout & cellci&al change
in which electrolytes toke parte This disturbs the electrolyte balance
in or on the tissﬁe cells. . Since celeium is & bivelsnt ion, and
potagsiun a monovelent one, there is a one hundred to 6ne chenee of
calecium entering‘into the reacﬁion, rether then the monovelent potassium.
Tt has been suggested that an incresse in the ratio of potassium to
calcium'is the ezplest way of stimulating the para sympathetic nervous
systeme Couse@uently, a &isturbance in the afore—mantiéned talsnce

could easlly be the spark that initiates the symptoms manifested in

ane shylaxise
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The genersl trend has been in the e¢fplenstion of anaphylactic
shock, from & chemical or mmorsl bssis %o thet of a physical or
cellularr. It has been shbwn fairly conclusively by the evidence oute
lined by Wells that the gite of the reaction is in the tissue c_élla.
Furthermore, the evidence which hes acm*’mlated sesms to poimt to an
intrinsic nervous mechanism stimalstion as resgonsiﬁle for at least &
large part of the visible phenomenae The fact that stropin and
‘adrenalizi amelicrates the anaphylactiq symptoms sﬁ&agﬁésecﬂ;ﬁby blocking
the parasympathetic and stimulation of the entegonists -cf the para-
sympathetic respectively supporis this hypothgsis. However, both the
cclls and the cirealating blood play & part. Undoubtedly, the blood
is the means of éonveyiag the antizen and possibly antibodies to the -

tissue cells, so both must be concerned in the phenomena of enaphyloxise

Object of these studies.

It has been pointed out thet all preceding studies of enephylaxis
in the cat have beeri carried oul using mzhplex substances as an anbigen,
guch a8 horse serum, dog serum or egg whitees And that these substances
when injected even in smell smounts into normel cats producs & pere
ceptible loss of erterial bleod pressure« The "Brodie Reaction", &8
dégeribed is then a very disconcsming and complicating factor in the
'stuc}.y of snaphylaxis in the cate. It is & question whether the blood
preasure response, which has been reported by ezar}.ier’ investigéztors,
is Gn'é of true anephylaxis or of &n exaggerated Brodie typee

The ambiguous reporss mxggem-ﬁe{i. the gquestion, as to the possibility
oi‘ actively sengitizing cais with & chemicaliy pure entigen such as

eryotalline egg slbumine By the use of this antigén, it was hoped to
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eliminate the Brodie Reaction, and to secure similtaneous physio-
logical responses of other orgens. If cests could not be sctively
‘sensitized, then it was hoped to ascertain the reascns.

The quéstion &lso arose as to ﬁﬁa @o&sihility’of paesively sensitiz-
ing cats to crystelline egg albumin. If ?&ssivv sensitization E;;
possible, the various physiologicel responses were to be studieds If
the cats were not passively sensitized, wes it becsuse of incapabie-
zbgorption or some other reason?

Somévth@oriea of the mechenism of snephylsxis hold that protein
cleavege products such as peptone or histamine are responsible for the
symptoms of the pﬁenemenonl Observations of the physiological responses
of the cat to injecticns of peptone and histomine were to be medes
These responses were to be compared with those of anaphylaxis in the
cate From this comparison scme evidence as to the validity of the
abbve mentioned theories was hoied to be advancede.

In all experiments the regults were obtzined under as nearly
identicel conditions as exp@rimentaticn would permite. 4 descriptlion
of’the physiclogical methoda employed accompanies the tsbulation of
the results of the anaphylactic study. A perticular effort was gade
to drvaw blood samples for clotting time and to teke the temperature

readings at regular periods subsequent to the injectionse
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Part IT.
Physiological Studies of the hypersensitive cet
- Section I. Active Sensitization.

Brodie in 1900 described the exaggerated sensitivity of normal. cats
to intravenous injections 6? foreign pi'oteins, Apparently this _'t:y;&e of
reaction :#rezva peculiaﬁ to the cat, since the threshold of toxic reactions
:ri;s x{}imc:ﬁ .higher for the dog, rubbit, or guines pig.g I&llvinveﬁtigatcrsls’
o 55 67?;’&19 have reported studies of the mnephylactic Qhenomeug‘ in
cats have used as sensitizers complex protein material such &s horse
‘serum, ,Sh;éepv serum, dog serum or fresh egg white. These éubatancas '
even in small amounts, produce e decided drop of ar-beﬁial ‘blood éaressure
vhen inj ﬁéted, intravenously into the normal or hypersensitive cate This
fact 1s a very complicating fector then, in the proéuctian end study‘cf
true anaphylexis in cats as a species.

_ - 13 66

Nevertheless Manwzring and Edmunds have described a slow _(irop
of blood pressure in sensitized cats following the injection of the
shock dose, and thoughhitvwas chai&cteristic of ;'tme fmaphylazis‘
Edmmds sensitized his animals by Méctiug two or three cubic ceﬂt’;“
meter of horge serum suhcu‘banecuély two or three times &t five daya)
intervalse

67

More recently Drinker snd Bronfénbrenner have regwextted the in-
cresse of ;_,u].xnbnam srterisl pressure in anapbylactic catse They pro-
c’hiced sensitization by injecting 0.5 c.ce Of ddg‘ serum subcutaﬁeausly
in three periods each of from thi-ee to five consecutive days with two

or three days elapsing between the periods of injection;

Because & smaell percentage of enimals became hypersensitive and
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‘because of the complicating Brodie reaction, Menwaring found the
cat to be an entirely unsuitable snimsl for experimentel studies in
anaphylaxise Other investigators heve expressed similar'findings‘.

Tois work wes underteken with the hope of finding some sensitiziag
substance wﬁich would not induce the "Brodic Reaction® when injected
intravenously in emomnts sufficient to produce shock in sensitized
animalé;j With such an antigen the physiological response of the hypore
sensitive cat could be more clearlj described snd the prgvailingvgaps
in this phenemanonuﬁare mearly span”ed. It was thaughtﬁthat pure
crygtallina egg albumin would fulfill these requirementse

To this end a series of éﬁts wes sensitized and the shock dose
of sntigen injected with the hope of securing the Simultsgeous physiéw
logicai responses of tﬁa arterisl blood pfesSure, heart rate, cozgulation
time, rectsl temperature, kidney volume, intestinsl snd intrecystic
Pressuress

- The precipitin content of the blood, together with the resctions

of e#cisad intestinél and uterine horn smooth muscle strips were zlso
determined« 4 description of the results obtained will be set down

“in the paragraphs to followe

Experimental.

This series was composed of 20 normal cats all‘of which were
growmn except one thzt was used for'sma§th miscle experiments slons.
This was & young female Weighing 1200 gramse The adultd cats'varied
in weight from 1800 to 3520 grams. Thelr average weight was 2745
graﬁs. There werc 16 females ond four males included in the adult

goricgs. The various physiologicel studlies were performed simulteneous-
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1y upon 18 of the cuts, the other two being used for smooth muscle
experiments elones Smooth muscle reactions were slso obtained far'a
number of the cﬂhsr catse An exsct babulation will be included in
the summary of resulise

Sengitizations The sensitizing entigen wes a sdluticn of 4%

crystalline egg albumiﬁaoin distilled water. The scnsitizing doge wasg
0.5 cecs of 4% crystalline egg slbunin per kilo body weighte Several
methods of injection were utilized in atﬁempting to sensitize the
animals of this seriese.

The verious nethods used weres

1. One subcutsneous injection followed at thres doy intervels
by two intravenocus injectionse

2« Three intravenous injections given two dsys apartes

Se Eight to thirteen subcutoneous injegtions given in three
periods of three to five injections on'eqﬁsacuﬁive days
ﬁith thfee dsys rest between periods,

4. Three subcutanecus injections on consecutive days followed
by an intravenous injection the fourth day, 21low three days
to elepse and repeab.

5. Five to seven subeutenecus injections given at two day
intervels snd followed by two intraﬁeﬁtonaalbinjections.af
the scme spacings

Incubetion period:s The incubation period veried from eight

to 74 duyse The great@f number‘of the animels studied had an in-
cubatbom period falling between the eighteenth end ﬁwenty—sixth day
limitse

Anesthesias For each animel ether wes administered from a cone
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uatil complebe sorgicsl spestheosin ws cztablishe :i, after vhich ““ha
trsehes wee cenmulnted and an obher bottle ativeheds

Shock donst  The shook dose wee twe cuble cenbimeders of 4%
coiution of crystelline s m:‘}. unin per ;}.a;z- a body weighte 4 few
racolved é;zﬁlig' ons cbic centimelop cor kilogreme It was injected by

e

aeeng of ¢ commnls bied in the right fomorsd vein. Sufficient wayr:s

o

Mnger¥e to bring the totel wolume injected to ifen o.oe followed, to

moeke sure thed 211 the sliumin bed entorsd the clroulation.

-

Experinmentel dechalune.

Blood Prescurcs The mosp syievial jwesoure wes mozpured Uy
uzens of & coumuls tied inbe the left corolid svlery, m@ conneetad
with & mersury » um r which recorded the proseure changes on a
rovelving k,yﬁ;;;gm oh (ke

Heorb retest ¥hen o lighd morcury mmopebor wos ased o record
the bloed pressurs chenpss, it woo possilble So count the E“-;ﬁ‘&}?i& rate
from the blood pressure 3;1;& e To lusurs zccurete coumts, @ leuse

ifving 80 dlometers wes smploysde The hesri reies were ! cternined

s

imnediotely preceding the injeetive snd @b the low poind of the drop.

"

Cougulation bime: The right coretid ardery wen ligoted and

X

s dpniie  THO

&

connulnbed centwally so thot hlood oould oasily e

— o I B » ."o.“ o 'y g "‘L
eormulation bize wos determined by droving bleod dnbo o :::E.a,ua Les

iahe froshly rinsed with sigsisclogicul se slince The tube was allousd
to prend witheud ogitetion snd obascrvad owvery .L teen gseondse. Time
5 pocorded when the blood had cosguloted sulficlestly to peymib

inverting the tube without rupturing the surfoce filme  Somg 1cs of

L . - q e P p e o §
vlood wore drasn imuedicbely precedingy $RG JAVO 4IORLSR L



injections

Recﬁai temperatures By 2id of & thermometer the rectal temper-
ature was determined immediately before, snd five minutes after each
injections

‘Kidaey volume: The kidney volume changes were gecordedAby enclosge
ing ihe left kidney in e metai oncometer eontéining,a rubber deme. By
connechbing the oncometer with a piston recorder which was adjusted to
write on a timed kymograph drum, & very san&itiﬁe method was peffécted.

Intestinal pressure: The intestinel smooth mscle responses were
detbermined hy-ﬁﬁyingfaff & loop of the ileam.in such a menner &s not %o
smbarress the circulation. A three w&y‘cannula'w&s ingerted end connecte
ed to a rubber membraned tamboure. The loop wes then filled with Wézm
mineral oil so that 2 SIight positive pressure was registered on thgb
kymograph drume

Intracystic pressure: To measure the smooth muscle reactions of
the urinary bladder, a no. 18 hypodermic was car&fﬁily forced through
the bladder wall and comnected to & membrane tembour. After the hypo-
dernic wesin place the urethér&l orfice was tightly clamped with a
hemostat. The tambour was adjusted %ﬁ record the pressure changes.on
a revolving kymograph drume

Pracipitia titrations Samples'af blood were drawn immediately
before and five minutea afber thz injection of the shock dose. Their
srecipitin content wug determined by use of the ring ftest and over
night settlings Three tenths of a cubic centinmeter of antigen
dilution were stratified above aﬁe tenth cubic centimeter of cleer
undiluted cat serum in smell fermenteation vislse They were ex&mined

for the presence of a ring after 20 minutes incubations The contents
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of the Vials were then mixed, incubsted in the 37° 0.‘ waterbath for
one hour, allowed to sit in the ice box over night, and the final
resding mades
Resultse

The blood pressure invariably shqwad en injection rise of from
four to 'bwen'ty M.lsHge This rise was maintained for i"rém 30 seconds
to ten minutes. This was essentislly the same rez;é‘oizm as of a normal
animsl when injected with en identical dose. Figare #5 shows the hlood
pressure responss of a ncfmal control cat to an in'trévenauss injection
of two .c.c.- of 4% egg slbumun per kilogrem body weight in comparison
to the response of the same cat Yo an injection of one CeCe. normal
rabbit serum per kilogram. The hea-rf mta ﬁsually exhibited slight
slowings The maximum decresse of rate wes ten beabs per minute. The
coagulation time of the blbod _and the rectal temperature progressively
'&ecreaaed throughout the duma.ticn-of the experiments.

The intraintestinal and intracystic pressures were consistently

without changes
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Table #1l: Results of the physioleogical studies of active
penoitization in catsd

4 Male 3500 Grse Normal control Epher
50 Femsle 2520 *® " " v
51 " 2070 * @ n »
57 Hzle 2700 ] " u
33 Female 2350 n #1 21 Days "
34 " 2450 #1 21 ﬂf "
85 " 2400 ® 151‘ 22 M -
36 " 1800 ® #o 22 n
58 n P850 * M 26 ® n
52 n 2230 ® #3 19 J
53 n 2750 © #3 24 0 u
55 " 2000 ® 4 ST .
58 n 3000 " #4 28 n
59 n 2850 " 43 24 n
60 Hale 3050 " #3 25 n "
82 Male 3520 n #4 20 n
83 " 2080 ® #4 24 o
64 Female 2550 W #4 g n
77 liale 3200 © #4 74 "
79 Fenule 3020 75 g n n
80 - " 2970 #5 2 o n

81 " 3000 ® #5 4 = Lol



Table #1: Results of the physiological studies of active
sensitization in cats. {(continued)

Horentt Congulation Time Rectal Temperature
srial Shock Do , ‘
o 8¢ Hormel After Shock Normal  After Shock

1l ¢sce of 4% i

4 egg elb.per Kg. 4' 45'' 4% z01¢ 99 46OF 98° F
50 ] .y - - -

2 ceCe of 4% . _
51 egz albeper.Kg. 79 o 99.8° 98°F
57 n 10t 1t 201t 100.20F 99.20 F
23 a%bf’ﬁér“ﬁgf € gt zort 5! 0% 99.2°F 98420 F
34 4% 71 ZOEL 1 99.42°F 98+8° F
35 " 4% 2 100.79F 10050 P
36 " 5t 1 99.5°F 9940°F
38 " 5¢ 1t 30t 100° F 99470 F

1 ceCe , ,

52 egg alb.perKg 2% 30%! 451 100.2°F 9944° F
53 eggzaiﬁf'per Kg.5! 50%%  100.20F 99,6°F
56 " 3t 5011 1t 30t? 98° F -
58 " a¥ 1 100.2° F 98.,8°F
59 n 5¢ 1 99.4°F  9818°F
60 " 5t at 99.89F 92.°F
62 " 2t 30%! 1t 30%¢ 99.4°F 08.2°F
6% " 3 30FF 1P gQtr 97.°F 95.60F
64 " 2t 2t 99,5°F 99.°F
77 n 2t 401! 21 50%1 99.° F | 198.4° F
79 n 1% 1' 30t"  90.8° F 99.5° F
80 " 1t 50t 3t 97.6°F $6.6° F

81 n zt er. 5011 a7.5° F 096.8° P
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Teble #1: Results of the physiclogicsl studies of active
sensitization in eats. (continued)

Serial
number

4

50
51

57
33

35
36

38
52

53
56
58
59
60
62
63
64
77

79

8L

Blood Pressure 'Kidney-Voluma

Rose 10 Il Hge -
Slight
Rose 12 M Hg. incresse

Rose 0 " 7 No change

Roge 18 10 % " R
' Very slight
Rose 8 KM Hg 13@%@&53&
Rosels m ® AP oenle

Rogg 4 # 0

Irrogular ;
Littie change W "

No change

Rose 2 Mif Hga M 7
Very slight

Rose 8 W Hg. incresse
Roge 12 # 8 o L
Rose 36 # ® 8 n
Rose ? LR Ho change
Roge 10 W 1B - Ho change
Very slight

Roge 11 " W increase
Rose 20 » # n n
Roge 30 " ® Beoo®
Rose 20 " ® L "
Rose 28 # © n "
Roge 22 " W n 8
Roge 14 ® ® L n

Intestinal
Pressure

Ho change,
Slight less
of rythm

Ho change

» w
Ho change
" n

oon L]
° 0on
n 8
" n
n &
n "
n B
n "
n "

" o
n |
8 n
n "
o n
: ] u
n 1

Bladder
Pressure

Ho chenge
Ho changs
Ho ch&nga;
n T

He change

" on,
n "
a u
" ow
" "
" om
® n
x w
n ",
n "
n ”
w o oom
w on
n n
u "
n n
n "
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Table #1s Results of the physiological studies of active
sensitization in cats. -(continued)

Serial Precipitin content  Deals per winute Intest~ Uterine

Heart Rate inal ;
nuaber  Before shock Afmsmckgfgfarg ?;;mk After é%%ps Horns

50 - - 240 242 - e

51 - - 240 240 - -
57 - - 264 290 - -
55 None Hone o count No count - s
54 L " 180 177 & &
35 " " 226 228 » -
&6 T " No count Ho count - =
28 n n 255 250 - -
52 - % u 265 2865 - -
53 " " 240 234 - &
56 w n No count No count & -
. 58 " . 216 218 - -
59 # " 271 267 & *
60 L " No count Ho count = o,
62 n " 240 250 - -
65 » . m 226 216 = i
64 n " 262 262 - -
. : ‘ Ne
77 o o 169 169 reaction -
No Ho No
79 w Re count count n reacticn

80 v " 160 150 % w

81 " " ROG 213 n "



Table #1t Results of the physiological studiss of active
gensitization in cats. (continued)

Berial . : Incubation
nunber Sex Welght Zggé%gizg ion Peried
75 Female 2250 Gra. Hormel Control
76 Female 1200 Grs. #3 17 dayse.
78 Femsle 2650 * #5 g
Serial Precipitin Content Intestinal Uterine
numnber Before Shock After Shock Strips Horns
Ho Ko
75 - - Contraction  Contraction
76 Hone - " u

76 None - L L



87«

The kidney vmlume usually showed no change, however, o very slight
increase somebimes acaompaaled a aroncunced injection rise of blood
pressure. A decrease in volume never followed the injection of the
shock doses The intestinal end dntracystic éressures were consistently
without changee

- Two intestinal 3%?193 from esch of seven cats, and six uterine
horns from the same were removed and suspended in ?inge?*s at 37° C.
under lightvtension until the physiclogical experiments were completeds
At this time they were tested by the method of Schuliz.and Dale for
specific contraction with the homclogaué entigen, crystelline egg
elbumine One cece of 2% eltumin solution was found to>be\nsn~%oxic
for the intestinal sﬁripsg and 0.3 Coca OF 2% elbumin was mon-toxic
for the uterine horns when added to & 20 ¢.cs bath of Tyrode's solufiong
A1l the intestinel strips s well es the uterine horns failed to respond
when tested by this methode

Guinea pigs were injected with the sera of six cats in en effort
to passively sensitize them to crystslline egg slbumine The blood was
ﬁrawn from the sensitive cats both before end afﬁmr injection of the

shock dose &as deucbibed for the preCIQLﬁln titration. ‘The cat sera
were injected 1nnraper1tsneally in 5 Cecs amounts into 400 grom normal

healthy guinsa pigs.



‘ P Hu‘ Pnl‘m:u, . ; : i

e Byq Alb-4% . Base Line

Ridney Volume -

\C‘t] L zed Female

\

l

l

Time -3seconds . ]
‘ [

|

|

Fct #ls:hl . ‘

Figure I3 Blood pressure and kidney volume responses of sn actively
sensitized cat to the injection of the shock dose of
crystalline egz albumin.
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Figure 2

Intestinal and intracystic pressure responses of an act:ln].y
sensitized cat to the injection of the shock dose of
ecrystalline egg albumine The response of excised intestinal
gtrips to the addition of albumin is to be seen at the bottom
of the graphs




After 24 hours incubation, the guines pigs were injected intre-
cardiélly.with cne cubic centimeter of 4% egg élhumin, and were ob—
served for cliniéal gymptoms of anaphylaxis. ﬁéne of the guinea pigs
responded with asnephylactic symptomse.

The gera of Ql_cats were tested for the presence of precipitsting
antibodies for crystalline egg albumine Gﬁe'saﬁ@le of blaod wes drawn
immediately before injecting the shock dose, and another s:m:yle was
e BIS ESHELE ESED, Hie injection. Both samplos weve sxsulned by
the Ring test and over night settling methods as described. ALl the

tests wers consistently negativea

Discussione
It is quite evident from the preceding results €bat no cat in
thig deries displayed eny of the recognized sympioms of anaghyi&ctic
shock. The possibility thet this lack of sensitization was due to
non—anﬁigenicity of the crystalline égg albumin had to be ruled outbe
This was éccomylishadAby,at least three biologlcal methpdsz
2. Guinea pigs ééuld be sensitized by a single aubcut&neous
injection of one cubic centimeter of 4% crystelline egg
sltumine An identical dose when injected intracardially
twelve dayé later, produced fatal cliniéal anayhylaxis#-‘
be Typical specific contracticns of the excised uterine horns
from sepsitized virgin guinea plgs were demonétréble by
Delets techniques
Ce Multiplé intravenous injections of crystalline egg elbumin
in rebbits stimulated the production of easily demomstrable

precipitins for that sntigen. This method will be described
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in detail in the following section. These findings ssemed to pravavthe
untiwenlclﬁj of the crystalline egg albamine If this were true, the.
question arose &5 Lo why the cats were nob sensitiz&d by its injoctione
t hag previeusly been pointed out that apparently the cal produces no
precipiteting or passively sensitizing entibodies to crystalline egg
elbumine Ig there likewiss no hemoly?1ns or bacterial agg lhtiﬁlﬂﬁ
produced in respense to introductic on of their respective antigens?
With the hope of ascertaining the answer to this quastian,,f ‘91168 of
three cals was givankfiva intreperitoneal injections of 10% sheep cella
at three.ﬁay intervals, and enother series of three cuts wus given five
intrapermtoncal injections of a formalized suspension of E. Tyéhi.
(Rewlinsg strain.)

It was found for the Tirst serics, tpat all the cat sera pregeding
injéctién contained hemolysins for sheep cella‘whan wndiluted but not in
g dilutiocn of one to tene Afber the round of injections vhere wag
complete hemolysis of the sheep cells in a dilution of cne to ten tut
onlyAa trace in & dilution of ome to 80.

None cf.the animals of the sccond series showed any agglutinins
for E. Typhe before immmizations. ﬁfﬁar five injections the suspenéion
of E« Typhi wes agglutionated by 1-200, 1-100, and 1-32 dilittions of the
resgectiva Serte

Thus it is shown that at best the cat 9roduc 8 ant:bodles in very
small quantities. It-wés}thﬂﬁght that this might be ezplained by am
inadequate absorptivé mechenism, or by a complete in&bility to absorb
foreign substances from the peritoneal cavitys wae?er, when trypen

blue wag injected intraperitonealiy, it appeared in the muicous membrane
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and skin as early as five hours after injection.

Three cats were then injected intréperitonealiy'with five caCe of
10% suspension of chicken cells. One of the cats wes kiiied afbes the
zlepse of six, taelve aﬁd twenty-four hours, the spleem and liver reé
moved, emﬁadded,vséctisned, and stained. Bafinite phagocytﬁsis of -
the chicken cells were observed by the fixeé tigsue cells of the Spleén
snd liver from the cats killed at 12 snd 24 hourse. It appe&rs’then‘that
the cat has an adequate absorption as well as phagocytic mechenism,
although it does not rQSpﬁnd with active generation of demonstrsble
zatibodies to the introduétion of foreimm ?rateins;

The epparent inability of the cat to generate antibodies may
account for the entirely negative series just reportede It seems very
reasonable that if hemolysins, bacterial agglutinins§ and precipiteds
are not generated in demonsitrable quantitie&, that likewise the
sensitizing antibody of amaphylaxis is also azbsente This assumption
is certainly born out by the preceding physiological studies of

anaphylaxise

Conclusionss
The preceding physiological situdies of active anephylexis in the
cat seem to werrent the following conclusicnss
l. That the cot has an adequate absorptive mechanism &nd en

getively functioning phagocytic systeme

D3
.

‘That sntibodies sre produced only in small quentities by the
et in response to the parentersl introduction of foreign
‘proteins.

3., That the cet is en unsuitable animel for the demonstration
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of active snsphylexis when a pure crystalline substence such as
egy elbumin is uéed as z»; sensitizér.

4o That cx"ystaliine egy a}.bam is relatively non-toxic for cats as
Judged b‘bﬁr the absence of the "Bpodie Reaction® following compurative-

1y large intravenous injectionse

Section IT. Passive Sensitizaticme
Historicel.

Pagsive sensitizetion is the transferrence of ‘the hyper—
susceptible conditicn to 8 normal snimel by injecting into it merum
from an actively sensitized cne. The normel enimsl is thus merely the
pagsive recipient of the reaction antibodies produced in the sensitive
aninal by preliminary treatment.

| That passive sensitizati;ﬁn is possaible, was firs‘c. pointed out
perhaps by Nicolle in 190731 He found that if a normel rabbii wes in-
jected with the serum of & rsbbit sensitized to horse serum, and 24
hours later injected subcutsneously with horse serum agtypical ertiusg
phenomenon resulted st the site of injecticms Bieixetswéoon &f’ger this
| succeeded in tremsfsrring hypersensitivity towerd mytilocongestin from
o senesitized dog to a normel enimel by, trensferring a large amount of
blood from the first to the latier. Almost simultaneously Qttoss was
successful in pussively tr&xsferring hypersensitivity to guincs pigs in
o gimilar monners

84

In 1908 Roscnsu end Anderson  showed thet sensitivity could be
transmitted from mother to offspring in guinea g}igéq

Theoe obzervations were confirmed and extended by many invest-

igators. It wos slso brought out that serum from refractory animals
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and from\immunizgd enimals, as well as from sensitive cnes might be
" used for passive sensitization purposes.. Also that sensitization may
u : :
be passively transmitted fron one species fo another. It is sufficient
to transfer the clezr zerum, in order o obtain sensitization, since
the corouscles are not the carriers of the sntibodye

8gore recent work of this nature in rabbiis has been done bg‘
Ople, in the study of the mechanism of the Artius éhenamenaﬁm Like-
wise, Manwmringsﬁand'co@ofkers have contributed to the knowledge of
this phenomenon in dogs a8 have Sherwood and Stoland.ss

It has been.ydinted out thet the literatufe ééncerning active
anaphylaoxis of the cat is very mesger, thus it is not sﬁryrising that
the pessive phenomenon is apparently omitted. We ha#exaffered an ex;
plenation as to why the cat does not readily yield itsclf to active
sensitizationg‘ Howsver, it appears that foreigm substances are guickly
~sbsorbed from the body cavities of this animael. Tihus the question srose
as to the posaibility of paasivély transferring the &naphylactic
sensibizer to the cabe

With the hope of obbeining some information on this question a
geriss of physiolbgic&l(exyafimeﬁts were undertakeng These experiments
were of such & nature as to secure a correlated physioclogicel study of
the responses of the arterial blood pressure, heard rate, coagulation
time of the blood, rectal temperature, oncometric kidney volume,
intestinal and inirac?stic pressures togsther with the precipitin
content end passively gensitizing power of the sera, as well és the

specific contraction of excised intestinal strips end uterine horns by

the method of Schultz and Dalee.



Experimental

This series was composed of fifteen adult healthy cats, ten of
which were females and the z'ema:s.n:z.ng five were males« These animals
ranged in weight from 1800 to 5,050 grams, with an aversge weight Qf
2520 gramse In each experiment the various physiclogicel studies were
performed with a few exceptions which will be noted with the appropriate
analysise

Sen‘sitizaftions .High_ titered an*bi»crystallina egg albumen sera
sere produced by vepeated injections of 4% egg albumin solution into
the marginel esr vein of rabbiis. Seven sers were prepared which show-.
ed a precipitin ‘titer of from 1-17 3500 to 1-27,500, and which were
capable of passively sensitizing 400 gram guinea pigs when injected
intraperitonéal]g in‘ tWo CeCes zmounts. An analogous dose, or fivev
CeCe pex? kilagﬁam body wéight was chosen ag the sensitizing dose for
cats and was injected intraparitoneailm

Incubation Period: The incubstion period varied from 24 to 72
hourse. Positive rezctions were secured in each periods

Shock Doset For each animal tiie anesthesia and the methods of
recdrding the various g‘}hysiological'réspcnses were the seme a3 those
degcribed in the section on active sensitization, es were also the
determinations of the precipitin content and passively gensitizing
power of the cat? 8 serum ag ':zell ag the smooth mmsclesreactions of
the excised intestinal strips end uterine horne The shock dose, which
consis{.ed of two c.ce of 4% crystalline egg albumin solution, was ine
jected through & cannuls inte the right femoral veiﬁ« The cannula

wag then washed clean of antigen with sufficient warm Ringerts
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solution to bring the totel volume injected $o ten cec.

fhe results, which will immeﬂiately'fbliow, are bagsed on the
phyéiolcgical rgsyoﬁses of gix animais which roscted in whet appeayed.
to be a typiéal enaphylectic manner. It willzsﬁffica to_say that al;
deta for the remaining membér of this series were ﬁhé pame ag that
described for negative auiﬁ&ls in the section o& active anaphylaxis,

and merits no further mentione

Resultse

Blood pressures ©Six cats showed =z pfofcund drop of a:terial blood
pregsure following injsction of the shock dose. Three o: the cats
regponded with a "Ehree phese® drop &s.@revicusly_described; and three
with & single phase drop. Every snimel exhibited an appreciable
injection fisa of blaéd.pfessurﬁ, whieh was maintained until the
decrease of pressure Was'iniﬁiuﬁwd; This decresse beceame evi&eﬁt
from 30 seconds to one mimite 40 sacmnés after the injection 6£ the
shock dose was Eegun. The &éerage tine was 52 seconds. The average
drop of blood pressure was 42.7% with a meximmm velue of 51% end a
miniﬁum of 33%e The low point cf the blae& pressure curves was raached
on an average of two minutes 30 seconds after'inj@cticn of thé shock
dose. From this point e gradual recovery wes evidenced iﬁ every enimal
until the normel blood pressure was restorede 28 minutes was the
grentest time necessary to consumate complete recoverg é;d 4 pminutes
wag the 1éaét~ The aversge -‘duraticm of the shock was twelve minutes
%0 pecondse

Two of the animals which exhibited the “thrga phase“ blacd pres.ure

regponse, showed an interesting phenomenon in that the preliminery



Table #2: Resulis of the physiologicsl studies of paseive
sensitization in catis.

Serial Sensitizing Incubation

Humber Sex Welght sntisera period
65  Femsle 2070 Grs.  #152 24 Hours
6 " 2090 ® #1s56 24 ®
67  Male 3000 ™ Composit 48 m
88 E'emezie 2200 ® #152 48
69 Male 2800 " flsz 7w
70 Female 2700 " #155 72 "?.
7L Female 2000 *  #152 72 n
82 Male 3000 @ #157 72 ®
_ - Pregnant » A
B3¥*  Femaole 3300 " #157 &8 "
84  Female 2300 ® #157 48 W
5. ® 3050 ® #158 72 ®
86 " 2500 " #160 48
87 - liale 2600 ® #1681 72
88 Feuale 1800 @ #160 72 | "
89 " 2250 # #60 | 8
90  Hale 2500 - " #159 48 "

#* Cat didn't survive the operstion.



iel |
;Z;ber_ Anegthetic
65 Ether
66 "
67 n
68 n
69 n
70 n
71 n
82 n
83 n
84 n
85 n
86 X
87 n
88 "
89 n
90 n
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Table #2: Results of the physiclogical studiss of passive
 peusitization in cats. ?Ccntinued)

Coagul&tien tine

Hormal

T
3

2 30"t

Shock

1
1

Rectal temperature

Hormal
98.6°F
27.6°F
98.°F

97.6°F

100.8°F
99.°F
98.°F
9?‘a°r
3]
100°F
95, 6°F
98.6°F
95.8°F
59.6°F

101.6°F

59 .2°F

Shock
9848°F
95.°F
97.2°F
96.%F

100.2°F
52.6°F
976°F
97.°F

0
89.5°F

95.,4°F
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Table #28 Results of the physiological studises of passive
sensitization in cats. (continued)

Serizl
nunber

65
66
67
68
69
70
ket
82
83
B4
85
86
87

88

89

80

Shock
Dose

2 cuce of 4%
egeg albumin

"

Q
2 CeCe OFf ‘;.%
egg albumin

u

n

Blood Pressure

Hesponse

Drop 51%

Rose 22 il Hg
Roge 40 %

Drop 33&4%

B 48.4%

Rose 10 MM Hg

Drop 34.6%

Rose 20 MM Hg
0

Rose &0 ¥ Hg

Rose éé ®ow

Drﬁp 50%

Rose 22 il Hg

Drop 33%

Rose 14 MM Hg

Roge ¢ B n

Type curve
Single Phase
0
0
Three Phase
Threé Phase
0

Thiee Phass

0

0

0

o
Single ?b&a&

0
Single Phege

0

0

Recovery
_28 minse
o
o
8 mins.
8 minse
0
20 mins.

0

7 ninse
0

4 minse
0

0



Table #2t

Serisl
Nunber

65

66

67

68
63
70
71
82

83

84 .

87

88

89
20

‘sensitization in cats. (continued)

Heart Rates
Hormal

187
170
194
186
R70
180
218

187

189
189

174

224

Shock
181
158

188

265
177
135

170

08

177
28
180

180

213

Kidney

Volume

Harked

decrease

Slight

incrzass
e

isrked
decrease

14
Slight
increone
Marked
deersase
Slight
increase

0
Slight
incresse

13

Marked
decrease

No change
Marked
decrease

Slight
increase

"

Intestinal
Progsure

Loss of
ryhhm

Ho change

# "

Incroase
%
Ho

recordv
No change
I
0
Ho change
¥ on
increase
No chenge

Inerease

Ho chenge

n i d

Results of the physiological situdies of passive

Bladder
Pressure

Ho change
oo
n "
Incrsase
"

Ho change

No change

i ] n
P
" i1
oW
n u;
"



Table #2: Results of the physiclogicel studies of passive
' gensitization in ests. (continued)

Before shock  After shock

Houne

.

Serial Precipitin Content
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recovery amounted to an overcompensation of 54 snd 26 M. Hg
refpectivelys. This overecam@enéa%ian was immediately repleced by a
slow drop wl}ich hag been iascribed.

The second injection, consisting of 2 c.ce of 4% crystelline egg |
elbumin per kilogram body weight, iﬁmriab]y pmdueéd only & transient
injection rise of blood pressures This injection rise wes similar in
nagnitude end duration to that of a normal animsl in response to an
identical injectien. The absence of a blood pressure drop i‘dllaﬁing
the second injection would :mggést complete desensitization of the
enimal by the shock dose of the specific protein. |

Heart rate: Of the six positive animals, everyone showed a
decresase in heerd rajte. during the decresse ei' DPresSsUTCs In three of
the enimels the reduction of rate was marked, amunting. to almosf 50%
in onee This reduction of heart rate might sugpgest & cnanga in conduct-
ivity of the nerve bundle or & change in the irrii;&bili‘ty of the cardiac
masculsture.

Coagulation time of the blood end rectal temperaturez The wvcolue
of both the coagulation time rof the blood and the rectal temperature
progressively decreassd throughout the duration of the e}:pax'innehtsu
They appﬁ:rently were responses go*remed by experiuental conditions
rethsr than vitel reactions of the snimel to the injections of egg
albumine

Kidney volumet Foilowinw every injection of the shock done, there
was & slight innrczzse in kidney volunme ag the injection rise of blood

# This is the term uscd to denote the injectlion of the snec:.ﬁc
protein to test for desensitlzation of the animal.
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Baseline

=TZei 47 Egg AIb.C) per Kilo. TccRabbit Serum per Kilo.
Cat No.57 Normal Male

Figure 352 The blood pressure responses of a norm&l control cat te

the injections of 2 c.ce of 4% egg albumin and to 1 cece
of rabbit serume

v A A,/vl,‘
Blood Pressure.
; 1

Pase Line

Eaq Albumin-42s erys
K a3

Time -3seconds.

KidoeyVolume

i Sl el

Cat o088 famale

Pulllvzs-nsttnntlou
EtherAnesthesia th 9Ihgs

Figure 48 The blood pressure emd kidney volume responses of & passively

sensitized cat to the injection of the shock dose o.f
erystalline egg albumine
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Time= 2"
Baseline ¢
2cc 4% Egg ALb (K) per Kilo Blood withdrawn for Coagulation
Shock Dose
Cat # 69 = Passive|5 Sensitized Male
Kidney Volume Wet = 2650 Grams

Anesthesia— Ether i

Figure 53 The blood pressure and kidney volume responscs of &
passively semsitlzed cal to the injection of the shoek

dose of crystalline eg§ albumine The blood pressure
shows the "ihree phase”™ curves

M

Cat No.69, Passively Sensitized Male
Time-2" £

Baseline

2cc of 4% Egg Alb. (K) per Kg. °

2nd D
Kidney Volumen i

Figure 63 The blood pressure and kidney volume responses of the

geme cat ez ghown in Figure B to a second injection of
erystalline egg albumine



pressure became evident. There was a direct relation since the
sensitivity of the gisﬁoﬁ recordsr wag very delicstes |

vLikewise there was a pronounced decrease in rensl volume as the
blood pressure £2ll, however, the curve of the kidney volume aid not
coincide with that of the blood préssure exactlys ﬁaualiy the volume
of the kidnsy remeuined greatly reduced loug after the blood preaéure'
had started revovery. It would appear that there was an active con=
striction of the renal veusels, with & subseq snt decreass in vclume.
Following the second injection there was oeccassionally no change, but
usually there was & slight increase which was quickly restored to its
normel volumee. In no case was there & &eéraase in kidney volume
following the secon&.injection.

Intestinal pressuret OFf the six cats responding with a drdg of
arterial‘blaqd pressure, four showed & définite inerecse of intestinael
presoure following introduction of the shock doses The intestinal
Zcops of thé remaining two animels shmwea novch&nge of tonses A loss
of ﬂ&fhmlc coniractlon and relaxutlon of tene was not owsvrved. These
observationg suoport the view that the ﬁmoﬂth miscle of the 1n¢e nlnal
wall was sensitized and responde& with a specifie'contraction, gince
there waeg no chenge of pressure following any of the second injections.

Intracystic pressures Two animals shcwed a definite increase of
intraqystic pressure after injection of the shock dose of'spe¢iﬁle
antigen« The four remaining enimals showed no ghange‘in bladder
pressure. There was never aﬁy increzse of intracystic pressure followe
inz the second injection. The bladder response appears to be an ine

eonstent physiologicel reacticn and thus cannot be considered a



Intestinal Pressure 1st

L———
Intestinal Pressure 2nd
Bladder Pressure Ist | |
Time 2" 2cc.4% Egg Alb. (K) per KG = Shock Dose e

ladder Pressure 2nd
2cc 4% Egg Alb. (K) per KG =2znd Dose

Cat No 69, Passively Sensitized Male

Figure 7t The Intestinal and intracystic pressure responses
of a passively senszitized cat to the injection of
the shock dose of crystalline egg albumin, and te
the second injection of the same antigeme
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criterion of anaphylaxis in the csts

Precipitin content and passively sensitizing powsr for guinea
pigss The sera of fifteen cats were titrated for gracipitin contente
Samples drawn immedistely before injécting the shock dose and five
minubes &fter.injaztian were taatéd* Both the Riné test and over night
settling method were employed. All the sera were consistently negatives
even when tested undilutede

The paseively sensitizing power of the cab sera for guinea pigs
wag tested ag hag bheen described. The gera of three positively reaét-
ing cats =nd of one négativeiy r&écting eninel were employeds 4 24
nour iﬁcubaticn perioa wes allowed to elepse before injecting the shock dose
which consisted of one cubic centimeter of 4% crystelline egg albﬁmin.
Hone of the guinea-gigs diaplayed anaphylactic sympﬁoms following ihtr&w
caidial injection of the shock dose. Thus it.is shown that the cat
serae in five cubic centiﬁeter‘amouﬁ$3 contained insuffieiént sensitizer :
to render the guinea pigs hypersensitive. Also that there is no
demonstrable difference,in.ths sensitizing pdﬁar of the semples of
cat sera drawm immédiataly before injscting the shock dose from the
sémples drawn five miﬁntes after the injection.

Exclsed intestinal'sﬁrips and uterine hornss Two intestinal strips
from each of seven negative animals and from two poaitivé animéla were
tested for specific conbraction by the Schultz-Dale techaiques Hone
of the strips from tha‘negative animals responded with & specific conw-
ﬂr&ction while the strips from both posiﬁive'cats veacted with 8
marked contraction when one c.c. of &% egg albumin solution was added
to the 20 c.ce Tyrode's bsth. After renewing the bath with fresh

Tyrode'sy a second addition of an identicsl dose of albumin ceused no



87,

W i

47~ Tath
‘1:38—10.75c.r.of 2%Egg Alb L'crlnged ta54—075cc 2% Egg Alb. |
1004 —1cc. 5% BaCl,

Intestinal Strip from Cat No.88

Fignretaz Specific contraction of am intestimal strip from a
cat psssively sensitized to crystalline egg albumime

Uterine Strip

| Cat No88- Female

Ao W

IE gAlb. Crys. 27 ' ftgAlerquZ ‘1“3302 5%
q:24p.

04»:.&&? 8:58 pm. B.\thhanﬁled 04“#75”,,_

Figure 9t Contraction of the uterine horn from & passively
sensitized cate
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contractione A subsequent addition of barium chloride produced the
charecteristic shorteninge

The uterine horns from three negative t;gts anﬁ fzfum two positive
cats were tested by the seme method. The horns from one positive cat
were hyporirritable even in a bath of physiological seline, tims relax-
ation was unobtzainsble and =z satisfactory test ﬁas‘ imposgibles The
horns from the other positive cat zfesponded v:ith',é maximum contraction
when 0u% coce of 2% crystalline %:jgg albumin .éalat‘i‘on was added to the
20 c.c. both. After remewsl of the bethy the addition of en identical
amount of slbumin induced no ch&nga in iha tone of horn, howevery upon
ﬁze additionef berium chle:izie & merked contraction resulted. None
of the horns from the nega‘biﬁre snimels showsd any contraction except

when barium chloride was added to the bath.

Discussion

By correlation of the physiological responses of the passively
sensitized cat to an intravenous injection of the homologous antigen,
it is possible to describe anephylactic shock in the &nes‘shetized
sninale Soon efter the intravenous infection of the shock 'dose‘.‘,, the
arterial blood pressure abruptly falls, and at the same time the |
heert rate is markedly reduceds The oncometric kidney volume is also
greatly diminished. The intestinal pressure ciefinitelj'incraases end
at times this is elso true of the in’c;raqrstic pressures Harked specific
contraction are exhibi‘bed by excised intestinsl sﬁrips and nterine horms
when brought in contact with smell smounts of the homologous protein.
The coagulation time of the blood, end the vectsl temperature are

apparently uneffecteds There are no demonsirsble circulating anti-
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bodies for crystelline egg slbumin pregent. This fact ?auld,indicaﬁe
that the entibodies injected are elther quickly fixed by the animsls
tissues or hastily excretede Since anaphylactic shock could ﬁe
demonstrated; the former sﬁggeﬁuieu‘segms'more fitting. There is
100% correlation of the exclsed smooth muscle responsss with those of
the arteriel blood pressure, kidney volume, ohce

Tt hes been pointed out that all the rabbit anti-sera used for
passive sensitization in these studies were capable of passiQQLy
sénsitizing suinea pigs to a subsequent injeetion of crystalline egg
albumin, yet only 40% of tha cats in ti'é seriesg were rendsred Iyper-

results shows that all

0.

sensitive to the seme antigen. A perussl of th ‘
cats whieh‘exhihited’an&ghylﬁcﬁic symptoms were sgnsitized %; injecting
antiserum #152 or #160. ALl enimals injected with the othsr five anti~
aera consigtently failed to respond to the injectien of crysﬁalline egg
albumine

The guines pig has long been considered the enimal Wpar excellent®
for demonstreting the anaphylsctic phenomens. It has been shown by
Bpain and Groveigﬁherwood and Sﬁoland,%l Tim &nd‘Kwiatchkiaigand others
that the titer of the aﬁaphylactic sengitizer did not parallel the
titer of the precipitating sntibody in anti-serse Our resﬁlts in
passively sensitlzing cets with rabbit anti-sers, besr out these finde
ingse It is likewise demonstrated thet the cat does not yield to
passive gensitvization as reaéily~as does the guines éig«‘ Sherwood end
Stol&ndeahave shomm that some dogs are not passively seasitized while
others are by injections of_the seme antiserums This recalls to light

the additional factor of indlvidual veriation.
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Conclusicnss
The pr@ceding experimentation, in which the responses of the
passively senéitiée& cat while under ether anesthesia, to an int?a#
venous injection of & shock dose of crystelline egg albumiﬁ, were
reaora@é; lad to thé following caﬁﬁlusisns:

l. That the characte?istic blood pressure reosponse is a profound
loss of presaure, which is followed by & slow refurn to
normale. There may be & temportery psrtial or cnmpleté
recovery, which proﬂuces the "hree phase® curve as previous-
1y describeds

2. That while the blood pressure is reduced, there is a marked
slowing of the heart that tends toward the normsl rate as the
blood pressure is restored.

3« That thevrectal tempereture progressively decreases throughe—
out the duretion of the experiment, tims plays no active
part in enaphylaxis of the cate

4, That the precipitin conteﬁt of the circulating blood is not an
import&ntifactor iﬁ feline asnaphylaxisa.

5¢ That the increase of intestih&l pressurs in thefeannﬁlated

| loop suggests there is active participation of the intestinel
smooth muscle in the ananhylactic pﬁencmenon.

6. That the intr&cyétic preasufe respongcs are variable and
show the need of asdditional studys

7. That the consistently murked decreese of kidney volumey
suggests en actlve constriction of the renal blood vesgelse

8. That the cozgulation time of the blood displeys a progreassive
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decrease thronghout the duratioa of the expsrimenty and
cznuot be ueped as & critﬁriéa‘of feline snaphylaxise

That the response of excised smooth muscle strips can be
used as a ceriterion of a’mag:lgrlactie shock in the cate

That there is 105% agresment of the smooth muscle reactions.
with the physiological responses ag judged by the drop of
arterial blood pressure, reduction of heart rate, etce

That hypersensitivity is passively induced in 40% of the

eats in this .5{31&3'6,

That enaphylexis may be menifest in the cat while under ether
énamthesiae

That the cmacteristic symptoms of snaphylactic shock in the
cat are‘sameﬁﬁﬁt different from those of other speciess

That, the elimination of the "Brodie Reaction® by use of &
pure pictein such as crystalline egg albumin constitutes en
importent step iu the study of the anaphylectic phenomenon of

the catwe
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Part III.
Studies on Histamine snd Pei:-tcna Reactions in Catse
Section 1« Histemine.

It has long been known that the introduction of hisgtamine inte
the animal body oproduces a stat.e of profound shock. Dale znd others
hm}@ .c&illed attention to the similarity of the symptoms of hisﬁamine
schock to that of mm;:vhyla:d.a; Following intravenous iétmduetion the
appearance of symptoms is almost instentanecus émi more profaund shock
‘results then when injected subcutaneously or intreperitoneallys

Pile snd Beldlin. dn 2015 dboeibed e symptons of histamine
‘shock of the intact animal for several specieé.f They recognized &
difference in thé reaction of guinea pigs and rebbits from that of the
camivora{ Because of this difference the response of the guinea pig
and rabbit will be discussed firsts Dale and Leidlaw observed that
&;zhran 0.5 M.Gm. of histamine was injected intravenously in guinea pigs
it produced lsbored snd spagmotic breathing, with forced inspiratory
movements. Death usually occurred in & few fni_nutes‘ The heart remain-
ed beating after reapira‘c.ién had stoppeds -Beajt,h was due to asphyxiay
;md the lungs were distended with aire Preliminary injection of
etropine, though it did not abolish the action, hed decided protective
value, They concluded, "Whether atropine actuslly weskens the ﬁronchial
spasm or merely modifies the effect of secretion must remain uncertain.?

The same subhors found that 0.2 lgm of histamine injected intra—
venously in the rabbit produced msrked prostz%’oioﬁ, irregular and labored
brestinge. The heert beat wes feeble and intarmit-t;ént‘ , I;' a second dose
wes edministered baforeA the symptoms had entirely c'iiaappeeﬁ'ed the |

symptoms were greatly augmented and death ensued in a few seconds.
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Death was apparent.}.y caused by right hsart failure. They observed
that the rabbit suffered bronchial spasms when unanesthetized follow-
ing histamine injection. r'i‘ha conditions of enesthesia and the length
of tims the animal hsd been under the influence of anesthesia modified
the blood pressure responses They cﬂncluéed that the uncmm;alicezted
va:‘i‘f‘act of histemine on the hesrt and vessalé of the rabbit was to cause
a ris e of systemic p‘rcsmre which could be shown to be due to arterial
constriction, in which the mtegtinal vessels shared..
Feldbergaacomanted on the action of anestheties, and noted that
rabbits tolerated larger doses of histamine than did the caty also that
the rise of blood pressure in the rabbit wss obvicusly due to arterial
constriction.
89
Smith in 1820 failed to show any change in body temperature or
cougulation time (possibly some deerease) subsequent to histamine in-
jection.
.90
Bally has conducted a physiclogicel study of the response of the
-rebbit to histamine injectiona. He found that the typical response
to histanine was en immediete increase in the nmesn arterial pressure
followed by a slower fall, both of which bore a somewhat direct
velationship to the dosage of histemine injected. That tb.e anomalous
dse in blood pressure of the rebbit following histemine injection was
probably due to & combined action of arteriole constriction end in=
creased capillary tone or possibly to mruiac sbim L.l-zt,.on‘ Howevér,
‘he reported that bistenine injections produced a moderate lengthening ‘
of th.e‘ blood coaguletion time, B&lly also fomci that in the majority of

cases the Intesnbinal smooth mmacle of the rebbit wes stimulsted to
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contraction by the intravencus injsction of histamines ﬁaljland
Kendallggha?e found that histemine was & potent stimulant of excised
ﬁﬁeoth,muscle tissnes
- The reaction of the dog end cat to l;i:-zﬁmina injection is very

gimilar snd mey be diseuss;::d' together. Dgle and Eaidlew87 found that
the injection of two to ten milligrams in tﬁe intact mazmsthetize&:
enimel caused immediate vémiﬁing, purging, profuse salavation, labored
respiration with & subsequent period of collepse and light nercosiss
L second injeetion p?é&ucéﬁ similar symptoms bub lBSS markeé. In the
enesthetized enimal using, morphine and A. C. E. mixture, or peraslde-
hyde, they found that injections of 0425 Hgm. per Xg. produced a'éiQWu
ing of the heart, which did not act éirectly on the heart muscles
They found a constriction of the pulmonary arterioles with &jﬁée in
pulmonary pressure, while a drop was evident in the systemic blood |
pregsure. The limb volume and intestinal loop volume inereased as the
pressure felle The kidney end spleen registered a mark@& decresse in
volumee« Excised gestric and intestinel strips responded with con- |
traction iﬁ the proscnce of & high dilution of histaminew

In iS)lB Dale and Ricmz’dags concluded thet the vasodilator action
of histemine wes purely periphersl effects on the blood vescels,
independent of the integrity of eny nervous connectionss

-They found that histzmine constricted the arterles, but rolazed
the tone of the capillai«ies.f No exact line could be drawn whers the
characteristic arterisl reaction gave way to that of/ihe capillary
reaction, end in 1919 Dale and La.idlawM found thet local application

of histemine produced a typical reaction of locsl edema. Also that

the systemic blood pressure drop was partly due %o losa of volﬁme in
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the circulating fluid, becsuse the increased permeability of the
capillariss allowed thé plasma to escape. This viewwss upheld by
ﬁanwaringasand others, who ohserved explosive edema of canine orgsms
in glood free perfusion experiments. Thege authors described a
profound drop in blood pressure of dogs within ten seconds following
intravencus histemine injection. From 40 to 90 minutes was required
for the ‘bloed préssure to return to nsz*mil‘. They observed im chaﬁge
in cgagulation time of the blood. Richgo was able to demonstrate |
ca;gilléiy dilatation and éngdrgemen‘t in the cmentum of cats following
both locsl application an_.d general kziétamine injectiqn. He concluded
that when histamine was injected intravenously it caused & quickly
‘Vprog:‘z'essiv@ dilstetion of both the visible znd occult capillaries to-
geﬁh@r with -l-:hair adjacent arterioles zmd vemules. That the circulﬁtez‘y
feilure of histamine shock resulted from dilatation of the peripheral
va sm.iiar bede
: o7 v

Dixon and Hoyle reported a trensient rise in both systemic end
pulmenary blood pressure immediately following histemine injection in
the dog. This waé quickly followed by a fsll iﬁ Pboth, and he attriluted
the fall to &n active constriction of the hepatic venules and an izi—-
sufficient supply of blood to the right hesrt. However, they found that
sufficient histamine to lower the systemic blood pressure of the cat
always raised the pulmonary artzmal pres_enre; One milligrem of
histemine raised the pressure 60 M.HM. of half satursted sodium sulphates

Emery and Gpriffith ggfound that injection of 0.5 mgme. of histemine
per Kg. in the cat produced a fall in blood pressure end a decresse in

liver volums, which might have been an active congtriction, for in

some records the liver began to contruct before the blood pressure -
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started to fall. Injocticns into the hopetic avdery produced in scme
cages o decvense in liver volune, whereas in obisrs en ective dilatation
occurred. The action of histemine ss summed up by %13.8995.5:“1’& causes
bronchisl spaam in guinea pigs, obetruction to pulmensry cireulation im<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>