
A STUDY CF ANAPHYLAXIS 
AND ITS LABORATORY PRODUCTION 

IN THE GUINEA PIG

BY

JANES VINCENT CARTER

PRESENTED IN PARTIAL FULFILLMENT 
OF THE REQUIREMENTS FOR THE DECREE OF 

BACHELOR OF SCIENCE

CARROLL COLLEGE 
HELENA, MONTANA 
APRIL 1, 1947

APPROVED!
PROFESSOR OF BACTKRIQLfcGY

3596200080982



*

A CENSI 
OF

*

PART X
UL DISCUSSION 
ANAPHYLAXIS



In 1902 Richet and Fortier observed that dogs,
which had recovered from the toxic effects of a sub-
lathal dose of actinocongestin, a substance present
in the tenacles of Actlnaria. succumbed to a second
infection of the seme substance and quantity.

To characterize the lowering- of resistance 
thus evidenced, they coined the phrase, 
anaphylactic action,... thus calling atten
tion to its antithesis to the prophylactic 
or protective effects following other forms 
of treatment.1
What wos undoubtedly the same phenomenon had 

been observed earlier by Magendie in 1839» Koch in 
1890, Flexner in 1394, Von Behring in 1899» and by 
Arlolng and Cournont in 1894.2 Subsequent to the in
vestigations of Richet and Portier, Arthus, in 1903, 
discovered the phenomenon which bears his name, i.e., 
following the rapid absorption of several subcutan
eous injections of antigen the subject animal fails 
to absorb the material, and further injections of 
the specific antigen “will give rise to a character
istic reaction, involving infiltrations, edema, 
sterile abcesses, and in severe cases even gangrene”.3

1 William C . Boyd. Fundamentals of Immunology 
(Sew York* Intersclence Publishers, Incorporated, 
1945), p. 271.

2 Roble P. Sherwood, Immunology (St. Louis: The 
C. V. . osby Company, 1935)» p. 464.

3 M. Arthus and M. Breton, Comot. rend, soc. 
blol♦« 55» 1478 (1903)» as cited in Boyd, 0£. clt..
p. 308.



Otto, In 1903, and Rosenau and Anderson in 1906 
conducted independent and extensive investigations of 
anaphylaxis, and the results of the latter two embodied 
the following factsi

1. One injection of a non-toxic dose of foreign 
serum will produce hypersensitivity to a second injec
tion of the same serum.

2. An interval of ten to fourteen days, the incu
bation period, must elapse between the sensitizing 
dose and the shocking dose.

3. The sensitizing and shocking doses may be 
given subcutaneously, intraperitoneally, or intraven
ously. However, for severe and m a rk e d  reactions the 
shocking dose should be riven directly into the 
circulatory system.

4. The reaction is specific, i*£., only the
antigen that elicits the sensitivity will produce the
true anaphylactic shock.

5. The specific hypersansltiveness is trans- 
missable by the mother to the offspring.4

In 1910 Schultz^ observed that a segment of
4 M.J. Rosenau and J.F. Anderson, "A Study of 

the Cause of Sudden Death Following the Injection of 
Horse Serum,H 11 ye. Lab. Bull.. 1906, No. 29, as cited 
in Sherwood, op. clt.. pp. 465 et. sec.

5 W.H. Schultz, "The Reactions of the Smooth 
Muscle of the Guinea Pig Sensitized With Horse Ser- 
u n ,M £ .  £harraacol. & ilxpgr. Thera p . .  1, 549, (1909- 
I9IO), as cited in Sherwood, 0 2• clt., p. 472.



the small intestine of a sensitized guinea pig, 
suspended in a bath of Locke's or Binder's solution 
kept at body temperature, will exhibit specific te
tanic contractions when the sensitizing antigen is 
added to the solution. In 1913 Dale^ observed the 
same phenomenon occurring with excised uterine horns 
from sensitized guinea pigs, even when non-toxic doses 
of the antigen ware added to the physiological bath. 
This tetanic contraction of an extirpated organ or 
tissue is referred to as the “smooth muscle reaction 
of Dale" or the "Sehultz-Dale Reaction."

Anaphylactic action, or anaphylactic shock as 
it is commonly called, manifests itself with a widely- 
varying symptomatology. The symptoms or manifestations 
will vary among the species, but are constant within 
any given speciss and are quite independent of the 
antigen used to produce the shock.

There ©re certain fundamental systematic 
reactions which are common to all species, 
but in each species there is e particular 
localization of the Immediate and severe 
changes which lead to acute death. As 
general symptoms, we may enumerate drop 
in blood pressure, fall of temperature, 
diminution of leukocytes, increased flow 
of chyle, and certain metabolic disturb
ances, the identity of which...has not been

6 B.H. Dale, "The Anaphylactic Reaction of Plain 
, uscle in the Guinea Pig," J. Pharmacol. Exper. Ther- 
ap.. as cited in Sherwood, op. cit.. p. 472.



worked out.7
Manifestations of anaphylaxis In the rulnea

J2i£* Thes8 symptoms, first recorded by Auer and
Lewis, are described by Seagal as follows*

...It shows signs of distress within 
one minute. The hair on the head and 
back of the neck begins to ruffle. The 
animal becomes restless, coughs and retches, 
rubs its nose, and seems to choke. Respir
ations, which were at first increased in 
frequency, become slower end labored and 
soon the animal is gasping for breath and 
making tremendous inspiratory efforts.
The mucous membranes become cyanotic. The 
animal defecates and urinates. If the 
anaphylactic shock is destined to end 
fatally...this symptomatic cycle may all 
be over within five minutes. Asphyxia is 
the immediate cause of death..., and im
mediately after death the heart is still 
beating. The lungs are markedly inflated, 
due to constriction of the bronchial mus
culature."
Manifestations of anaphylaxis in the dor.
As characteristic symptoms of acute anaphlactlc 

shock in the dog, Auer and Robinson report heart blockj 
Manwaring, Slaonds, et a]., report marked changes 
in permeability.9 Richet, who with Portier made the 
classic observations of anaphlaxis in the dog, gives 
the following vivid description:

7 Hans Zinsser and Stanhope Bayne-Jones. A Text
book of Bacteriology (Hew York: D Appleton-Century 
Company, 1939), p. 226.

8 B.C. Seegal, in Agents of Disease and Ho ait Re
sistance. by F.P. Gay, SpringsTTela, 1935, as quoced in 
Boyd, o£. clt.. pp. 276 at. sea.

9 Sherwood, o£. £i!M  p. 474.



If anaphylaxis is profound...(sic) 
the first symptom is vomiting, so prom
inent that in a number of cases it de
velops at the end of ten seconds....(sic)
This symptom is so characteristic that 
it may be taken as the criterion....
There is fluid diarrhea mixed with blood. 
Ataxia suddenly comes on;...(the dog) (sic) 
becomes paraplegic;...The pupils dilate 
and the eyes are dulled, and, after lam
entable cries, the animal passes urine 
and feces, becomes exhausted and insen
sible.... (sic) Respiration is quickened 
and dyspnoeic; the arterial pressure is 
very low... The heart hurries its 
beats... The general condition is serious 
enough to believe death imminent, but 
in reality death in less than two 
hours is extremely rare in the dog.
... the liver is profoundly con
gested during shock, and ... most of 
the symptoms observed are due to what 
happens in the liver.
hfinlfgstations.of anaphylaxis in the rabbit. 

Auer, Coca, Alrila, et aj.. have attributed death 
in the rabbit "to right heart failure caused by 
an increase in resistance to blood flow through 
the pulmonary c i r c u i t . I n  death, which is pre
ceded by excitation and restlessness, the head is 
retracted, the eyes are in exophthalnus, the right 
heart is engorged, and the lungs are collapsed.

-hnifg3t_atlons_of Anaphylaxis in the horse.
The symptoms in the horse are
10 C. Rlchet. Lianaphylaxle, Paris. 1912."as" 

quoted In Boyd, 0£. £lt., p. 277*
11 Sherwood, ojq. c i t . ,  p. 473.

12 Ibid., p. 472 st» peg.



dyspriia, rapid, feeble heart beat, 
and increased defecation and urin
ation; and more important, urticaria, 
edema of the limbs, cyanosis, edema 
and petechial hemorrhages of the mu
cous membranes, laerlmation, and sal
iva t ion. *-
Anaphylaxis in other animals has not been too 

extensively recorded. However, the symptoms for any 
given species are constant and usually characteristic.

The production of anaphylactic sensitivity will 
result from the injection of any true antigen, 
any substance which, when injected parenterally into 
the subject, will give rise to the production of anti
bodies. This definition necessarily excludes any pro
teins found in the circulation of a member of the 
species to which the subject animal belongs or in 
the circulation of the animal itself. That "an ani
mal will never produce antibodies to any substance 
normally found in his own circulation”!4, is known,as 
the principle of horror autotoxicus. The antigen 
which is the incitant of anaphylactic sensitivity 
is referred to as the an^phylactogen.

The incubation period, i.e., the period slop
ing between the injection of the anaphylactogen and 
the development of hypersensitiveness, will vary 
with the size of the initial injection, the route

13 Boyd, pp. pit., p. 279
14 Ibid.. p. 85.



of the injections, and the idiosyncrasies of the 
individual and the species.

The amount of entigen required to produce acute 
shock will vary with the degree of sensitivity, the 
antibody titre of the blood, and the mode of admin
istration. Antibodies remaining in circulation end 
not affixed to the tissue cells will necessitate 
the administration of an unusually large shocking 
dose of the antigen. The most rapid and severe re
action is obtained by bringing the antigen into di
rect and sudden contact with the antibodies which 
are on or in the tissue cells. For this reason, and 
in order to reduce the amount of antigen required 
to elicit shock, it is advantageous to administer 
the shocking dose intravenously or intracardially.

It is to be remembered that the antigen must be 
administered in a manner that will prevent its being 
acted upon by the digestive enzymes.

The hypersensitive state reaches its maximum 
in eight to twenty-one days in the guinea pig and 
probably remains, in some measure, throughout the 
lifetime of the animal. However, fatal reaction is 
rarely demonstrated after six months.15 Coca has ob
served that the hypersensitive state in rabbits en-

*
15 Ibid-» P- 272.



dures for approximately three w e e k s , a n d  Bally has 
demonstrated sensitivity in the rabbit to en
dure for as long as seventy-two days. 1 ''7

Portection against anaphylactic shock may re
sult from s concomitant or previous administration 
of certain drugs to or with the shocking antigen.
Auer states that Frledberger and Hartoch protected 
guinea pigs with an intravenous injection of satur
ated sodium chloride solution.1^ Biedl and Kraus re
port protection resulting from injections of barium
chloride solution.

Atropine, adrenalin, chloral hydrate, and ether 
have a protective effect on guinea pigs. The effect 
of these drugs is not upon the antigen-antibody re
action, but seems to be on the tissues of the shock 
organs.20 The protective effect of ether on the ana-

16 &.F. Coca, MHypersensitiveness," Practice of 
Fedicine. Hager town, .ha ry land. W.F. Prior" Company, 1927, 
pp. 107-131, as cited in Sherwood, op. clt.. pp. 46? 
at. sag.

17 L.H. Bally, ’’Physiological Studies of the Hy
persensitive Rabbit,” J. Immunol., 17t 223, 1929, as 
cited in Sherwood, op.~cit.. p. 468.

18 J. Auer, Forchheimer*s Theraneusls of Inter
nal Diseases. Few York,l^i^, D. Appleton and Company 
5: 39-120, as cited in Sherwood, on. clt.. p. 470,

19 A. Biedl and R. Kraus, Hxparlmentelle Studian 
uber Anaphylaxis. Yien. klin. ’Vchnschr. 22: 3 6 3 '̂ 1909,
as cited in Sherwood, op. clt.. p. 470.

20 Sherwood, on. cit.., pp. 470 et. sea.



phylactic guinea pig results from a respiratory stim
ulus.

Passive sensitization is the sensitizing of an 
animal by transferring the antibodies to it from an 
actively sensitized animal. Homologous serum, JL.ju, 
serum from an animal of the same species, produces 
a sensitivity of more persistent duration. Hetero
logous serum will produce a sensitivity of about 
ten days duration.2! The time between the adminis
tration of the "immune” serum and the production of 
hypersusceptibility will vary with the species.

Reversed passive anaphylaxis raay be demor+strated 
by injecting guinea pigs with antigen and then with 
the specific antiserum. In order to produce anaphyl
actic shock by this method, an incubation period of 
several hours must be provided for. This incubation 
period is presumably to allow the antibodies to at
tach themselves to or Imbed themselves within the 
appropriate tissue.

Zinsser and Enders have observed that certain 
strains of guinea pigs could be shocked by an inject
ion of antiserum within a few minutes after the admin 
istration of the antigen. It is thought that this 
irregular behavior is a hereditary anomaly.22

21 m g . ,  P.-4 5 7:
22 H. Zinsser and J.F. Enders, J. Immunol.. 30, 

327 (1936), as cited in Boyd, ojd. clt.. p. 275.



The administration of a sub-lethal shocking dose 
of the antigen will desensitize the animal. During 
the desensitized or refractory state the animal 
will not respond to even large injections of the 
antigen. Besredka and Steinhardt have termed this 
refractory state anti-anaohvlaxls.23 The refractory 
state is temporary and it is presumably due to a 
saturation of the fixed antibodies with antigen.

The production of sensitivity say be post
poned by a series of sub-lethal Injections of the 
antigen during the incubation period.

The abundance of evidence available indicates 
that anaphylactic sensitivity is congenital and not 
hereditary. The congenital transference of sensitivity 
is from mother to offspring and is presumably mediated 
by the placenta, through which the seepage of "immune'’ 
serum takes place.

In order to qualify as true anaphylaxis, the 
condition in question must conform to the following 
criteria compiled by Wells*

1. The observed toxicity of the injected 
material must depend upon the sensitization 
of the animal; i.e., the substance must not 
produce similar symptoms in non-sensit1zed 
animals.
2. The symptoms produced must be those character
istic of anaphylactic intoxication as
observed in the usual reactions with typ-
 Sherwood, op. cit   p. 470. ~ " ' :...  m."."  m



ical soluble proteins, being therefore 
the same for all antigens with the same 
test animal, but differing characteris
tically with each species of animal,
3, It should be possible to demon
strate typical reactions in the nonstri- 
ated muscle tissue of the sensitized an
imal,
4. The possibility that the observed 
symptoms are caused by capillary throm
bosis or embolism must be excluded.
5« After recovery from anaphylactic 
shock there should be exhibited a condi
tion of specific desensitization to the 
same antigen under proper conditions.
6. In addition to the above, it is 
usually, but not always, possible (a) to 
demonstrate passive sensitization with 
the serum of sensitized animals? and (b) 
to demonstrate amelioration or prevention 
of the bronchial spasm in guinea pigs by 
proper use of atropine and epinephrine.24

24 H. Gideon Wells, Chemical Aspects of Immunity, 
The Chemical Catalog Company, New York, 1929» as quoted 
in Sherwood, £lt., p. 479.



Table I
Pathology of Anaphylaxis la 

Different Speoies of Animals 
(Modified from Boyd, o£. clt.. p. 278.)

Animal Congestion and 
hemorrhage Mdema

Guinea pig hemorrhages of stoaaoh, 
ceoum, lungs, heart, etc. lung; skin I. .j

r S'S ■

Dog liver, gall bladder, gas- 
tro-intestinal tract, 
lungs, endocardium, pleu-j 
ra, auriculo-ventricular 
bundle

Intestinal 
cosa

—
Rabbit liver and gastro-intesti- 

nal tract
slight of- 
lung

Rat gastro-intestlnal tract, 
lymph gland, etc.

Mouse intestine and stomach
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liver Lungs Right sided 
heart failure

| occasional local 
fatly change®

emphysema due to 
constriction of 
bronchioles

questionable

I oenGiSTION cen
tral necrosis

H I H Hi i v

very occasional 
emphysema

1 marked engorge-
iuwu. «^intra
lobular capill
aries, central 
veins & portal

very occasional emphysema. Pro
liferation & phag
ocytosis, endo
thelial cells
. V

marked? due to con
striction of pul
monary arterioles

congestion very occasional 
emphysema

moderate emphysema present



Tissues Involved In the reaction. The patholo
gical and physiological manifestations following 
anaphylactic shock in the different species, as 
shown in Table I, appear to ba unrelated and of 
variegated etiology. However, Seagal has shown that 
most of the anaphylactic symptoms can be attributed 
to one of two principle causesi2?
1. Contraction of Smooth muscle.
2. Increased capillary permeability.

Walls calls attention to a formidable array of 
evidence which indicates the primary participation 
of the smooth muscle contraction in anaphylactic 
shock. This evidence, correlated by Wells, indicates 
that

the localization of acute changes 
in different organs in the various 
animals was dependent upon fortuitous 
differences in the anatomical dis
tribution of the smooth muscle.2®
The above mentioned evidence is summarized as

follows*
1. Smooth muscle removed from the body
of sensitized guinea pigs will give spec
ific anaphylactic contractions when non
toxic doses of the antigen used in 
sensitization are added to the bath. 
Desensitization can be demonstrated.
2. The inflation of the lungs
2H> Seeral. op. cit.. as cited inBoyd. op. cltT7 

p. 279.
26 Zinsser and Bayne-Jones, og. cit.. p. 227.



of the guinea pig, which is the char
acteristic phenomenon of anaphylaxis 
in that animal, is due to the tetan
ic contraction of the smooth muscle 
of the secondary and tertiary bronch
ioles.
3* Siaonds has shown that the walls 
of the hepatic veins of the dog are 
endowed with a large amount of smooth 
muscle. He offers experimental evi
dence which indicates that the char
acteristic drop in arterial blood 
pressure results from the increased 
pressure in the hepatic' veins due to 
the tetanic contraction of the smooth 
muscle in their walls.
4. It has been established by 
Coca and others that the most impor
tant physiological anaphylactic phen
omenon in the sensitized rabbit is 
a tetanic contraction of nonstriated 
muscle present in the walls of the 
pulmonary artery.2?
The evidence to support the theory of increased 

capillary permeability as the principle cause of the 
physiological symptoms of anaphylactic action rests 
on the observations of i-anwaring in regard to
pulmonary permeability change and the hepatic phen
omenon in dogs.2  ̂However, it has not bean possible 
to demonstrate a similar change in pulmonary perm
eability in other species, and further investigations 
have shown that the permeability change reported by

2? iVells. o p . cit.." as cited in Sherwood, op. cit..
p. 485.

28 tvanwarlng aJL., "Capillary Permeability in 
Anaphylaxis," «£•.&•]£•£• 30*303» 1923. "Hepatic Reaction 
in Anaphylaxis; Anaphylactic Reactions in Isolated 
Canine Organs," J. Immunol., 8* 233, 1923, as clte<2 in Sherwood, op. cit.. p. 484.



Manwaring can be demonstrated prior to sensiti
zation and is not affected by desensitization.

The phenomena of rsarked decrease in blood 
pressure, of hyperemia, hemorrhage, and edema may be 
explained by increased capillary permeability.
Seagal suggests that the ruffling of the hair, a 
symptom noticed in the guinea pig, m y  be due to a 
contraction of the arrectorc3 ollorum.30

4s a conclusion we can at best say that the 
preponderance of evidence Indicates that contraction 
of nonstriated muscle is the primary physiological 
change in anaphylactic shock.

Site of the anaohylactic reaction. There have 
been two theories advanced as to the site of the an- 
tiren-antibody reaction which Induces anaphylactic 
shock. The humoral theory states that the reaction 
occurs in the circulation and results in the produc
tion of protein-split toxins. The advocates of the 
cellular theory maintain that the reaction occurs 
between the antigen and the antibodies present in 
or attached to the tissue cells.

The concensus of opinion among investigators 
of anaphylactic phenomena favors the cellular the-

29 Sherwood, os. cit.. p. 484-.
30 Seagal, &g. cit.. as cited in Boyd, og. cit.. 

p. 279.



ory. The evidence for this conclusion is overwhelm
ing end may briefly be summarized as follows*

1. The Injection of sensitized serum, containing 
the specific antibodies, does not render the animal im
mediately susceptible to the shocking dose. A period 
of time of several hours duration must elapse be
fore hypersusceptibility can be demonstrated. It is 
logical to assume that this lapse of time is required 
for the tissues to absorb or adsorb, whichever the 
case may be, the antibodies.

2. Blood from a sensitized animal may be completely 
replaced by the blood of a normal animal without de
creasing the specific hypersusceptibility of the for
mer.

3. There is an inverse relationship between the 
antibody content of the blood and the degree of sensi
tivity, i* e., the sensitivity becomes progressively 
more marked as the antibody content of the blood de
creases.

4. The injection of antibodies into the circu
latory system will prevent a fatal reaction, presum
ably by combining with the antigen before the lat
ter can reach the antibodies in the tissue cells#

5. Segments of the muscular shock organs excised 
from the body and perfused free from blood will exhibit 
typical anaphylactic response when brought into con-
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tact with nontoxic amounts of the specific antigen 
in a physiological bath at body temperature.3*

Nature of the anaphylactic reaction. That the 
anaphylactic reaction is of an antlgen-antibody nature
is apparent from the following evidences

a) only antigenic or haptenie substances 
will induce anaphylaxis; b) the incubation 
period for active anaphylactic sensitivity 
is of similar length to that for antibody 
production; c) the specificity of the re
action is exactly similar to that of other 
serological reactions; d) specific desensi
tization of sensitive animals by injection 
of antigen is hard to explain except by 
assuming that antibodies present are temp
orarily saturated with antigen; e) sensi
tivity can be passively conferred on a nor
mal animal by transfer of serum from a sen
sitized animal; f) by suitable technic anti
body can be demonstrated in the serum of 
sensitive animals; g) the ability of a ser
um to confer anaphylaxis passively is approx
imately proportional to its preciptin con
tent.-'̂ 2
Mechanism of the antlran-antibody reaction. 

Although the exact mechanism of the reaction is un
known there are two plausible theories extant, either 
one of which apparently is adequate as an explanation 
of the typical anaphylactic phenomena.

The so called physical theory assumes that the 
shock is caused by physical or colloidal changes 
resulting from the nntigen-antibody union upon or 
within the tissue cells. This theory has bean ®x-

 ^"Sn'erwood. on. clt.. p '482'. ““
32 Boyd, op. £it., p. 280.
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panded and expounded by We11,33 Doer,34 and Opie.-^

The second theory, formulated by Lewis-6 and ad
vanced by Dale37, postulates a loose chemical combin
ation of an H-substancs or histamine-like substance 
with the tissue cells. This H-substance is supposedly 
released from the tissue cells by the antigen-anti- 
body union. The H-substance thus liberated is the 
suggested cause of the anaphylactic symptoms.

There is considerable evidence 
in favor of the histamine suggestion: 
a) the susceptibility of a given spe
cies to anaphylactic shock usually 
parallels its susceptibility to his
tamine poisoning; b) animals in which 
an increased tolerance to histamine 
has bean built up by pretreatment are 
often more resistant to anaphylaxis;
c) the tissues which play the most 
dramatic part in acute shock are those 
which are most sensitive to histamine;
d) formaldehyde and thymoxyethyl-diethyl- 
amlne, each of which has an antagonistic 
effect on the reactions produced by hist
amine, have a preventive action on ana
phylaxis; c) (sic) substances chemically 
snd pharmacologically resembling hista
mine can be found In the circulation of 
animals during shock.33
4naohylaxls in man. There have been advocates

1 3 Sherwood, o p . clt.f p. 486.
3* Loc. cit.
35 Lo£• cit.
36 Loc. cit.
37 Los* £it.
38 Boyd, op. cit.. p. 282.



of the theory that serum sickness and allergy in man 
are forms of anaphylaxis. To this day the question 
hangs in delicate balance» and a detailed discussion 
of the matter would be beyond the scope of this pa
per.

The mechanism of serum sickness has bean pro
posed by von Pirquet and Schick. According to their 
theory the patient forms antibodies against the pro
teins of an injected foreign serum. When these anti
bodies are present in sufficient quantity they will 
react with their specific antigen, traces of which 
are still present in the circulation.39 This mechan
ism appears to be similar, in a degree, to that of 
anaphylaxis. However, it is to be noted that serum 
sickness can result from a single injection, while 
true anaphylactic shock never follows the primary 
injection of antigen.

.Evidence in favor of the anaphylactic nature 
of human allergy has been advanced, perhaps unknow
ingly, by Siraonds, who has shown that

fatal reactions (anaphylactic) In man 
have occurred only or most frequently 
in persons suffering from chronic Pul
monary conditions, chiefly asthma
39 C. von Pirquet and B. Schick, Die Seruakranfc- 

helten. Leipzig, 1905, as cited in Boyd, ££. elt..

40 Simonds, Infectious £13eases, 1916, 19, as 
cited in Zinsser and Bayne-Jones, £2* pit.. p. 227.
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and Huber and Koessler have shown that 
asthmatic people develop a hypertrojphy 
of the bronchial musculature which in its 
final histology is closely analogous to 
that of guinea pigs.4*
To favor the other side of the question of the 

nature of allergy it has bean shown that histamine 
is apparently not liberated in the tissue cells in 
allergic reactions.42 This apparent absence of hist
amine in the body during allergic manifestations Is 
based on low or normal gastric acidity, a condition 
concurrent with allergy; the gastric acidity is 
increased when histamine la present.43

It is my opinion that gastric acidity is not an 
accurate index to the presence of histamine in the 
body during allergic conditions.

When a person is first exposed 
to a foreign protein, specific 
antibodies are produced, some of 
which have the ability to combine 
with tissue cells and sensitize 
them. Upon readministration of the 
antigen, an antigen-antibody com
bination is set up on the surface 
of the sensitized cell which leads 
to formation of a powerful chemi
cal substance, histamine. Helease 
of histamine into the blood stream 
is responsible for many of the symp
toms occurring in ... allergic dis
turbances.
41 Zinsser" and1 Bayne-Jones'̂ ' o»’.‘ clt.. "p'. 2271'"
42 Sherwood, 2J2* clt.f p. 490.
43 hoc, clt.
44 “Benadryl in Allergic Diseases,” 

krites. November, 1946, p. 276.



It would seam, than, that investigations subse
quent to those of Sherwood have demonstrated the 
presence of histamine in the body during allergic 
conditions. In fact, a treatment for symptomatic 
relief of allergic manifestations which Is based 
on the antihistamine properties of B-dimethylamino- 
ethyl benzhydryl ather hydrochloride has bean found 
to be most efficacious

However, as stated above, the question of the 
possible identity of true anaphylaxis and what is 
referred to in popular parlance as "allergy" is yet 
to be settled.



PART II 
LABORATORY OBSERVATIONS, 

DATA AND 
CONCLUSIONS



The guinea pips used in these experiments 
«era all taken from the same litter in order to 
provide a control against possible hereditary var
iations which would affect sensitivity of the ana
phylactic reaction. No control in regard to the sex 
of the animals was attempted inasmuch as none of the 
authors consulted made mention, of sex-linked vari
ations in the response to anaphylaxis.

The average weight of the guinea pigs was six 
hundred grans, and no individual deviations from this 
average exceeded the limits of plus or minus twenty- 
five grams. The approximate age of the animals on 
February 7» 194-7, when the initial injections were 
given, was ten weeks.

In the administration of intracardial injections 
it was necessary to employ an anesthetic. The num
ber of drugs from which a suitable anesthetic could 
be chosen was limited by the fact that respiratory 
stimulants such as ether had to be avoided. After 
having used ether in the administration of those in
tracardial Injections which I did not expect to end 
fatally, I selected morphine sulfate, a slight respirat 
ory depressant,1 for the balance of the intracardial 
injections. The morphine sulfate was administered in

1 "Morphine sulfate, U.S.?. XI," The Merck Index 
(Rahway, Hew Jerseys Merck and Company, Incorporate* Fifth edition, 1940), p. 366.



doses of one-sixteenth of a grain for each animal. The 
injections were via the intraperitonaal route and were 
given one hour prior to the administration of the 
antigen. This amount of morphine was not sufficient 
to produce unconsciousness, but merely rendered the 
animals docile and limp. A control animal was injec
ted with this seme amount of morphine sulfate, but not 
with the antigen. The survival of this control animal, 
and other considerations, have led me to the conclusion 
that the guinea pigs subjected to anaphylactic shock 
did not die from the morphine, but from the effects 
of the anaphylactic reaction.

The antigen used in these experiments was fresh 
and unpoolod human serum.

The intracardial injections were made with a 
twenty guage needle; the intraperltoneal injections 
with a twenty-six guage needle.



Table II

Date , Time Animal , Inj. of Am*t. Route ,
•

Anas. .

2-7-47 2000 (1) human
serum

. »1 CO intra-
peri.

none

2-7-47 2010 (2) human
serum

• 2 00 intra-
peri.

•
none

2-7-47 2020 (3) human
serum • 3 oo intra- 

.bori..
none

Table III

Date , Time Animal Inj. of Am*t. , Route . Anes.

2«21-47 1200 (4) immune
serum • 3 oc

i
intra
card.

•
ether

2-21-47 1210 (5) immune
serum

.3 oo intra-
oard.

ether

Table IV

Date Time Animal Inj. of
• i

Am*t.
«

Route 
« «

Anes.

2-21—47 1600 (4) human
......-vruu

•2 co Intra-
oard.

ether

2-21-47 1800 (5) human 
__serum__

•2 oo intra- 
.-JL&Eit..

ether



Table ?

Date Time Animal Injection of Am't. Route Anes.

2-21-47 1930 (1) human
serum

.2 oo intra-
peri.

none

2-21-47 2015 (2) human
serum .4 oo intra-

oeri.
none

2-21-47 2115 (3) human
serum

•6 oo intra- 
beri*__

none

Table VI

2-28-47 1900 (1) human
serum

.2 00 intra-
oard.

ether

2-28-47 1915 (2) human
serum

.4 00 intra-
oard.

ether

2-28-47 1925 (3) human 
.serum,.,.,..... .

.6 00 lntra-
eaxd.

ether

Table VII

3-14-47 1900 (1) human
serum .3 00 intra-

oard.
morph.

3-14-47 2000 (2) human
serum

.6 00 intra-
oard.

morph.

3-14-47 2100 (3) human
serum .9 00 intra-

card.
morph.



On February 7, 1947, I administered sensitizing 
intraperitoneal injections of antigen to guinea pigs 
numbered (1), (2), and ( 3) .  The amounts of these in
jections are given in Table II.

On February 21, 1947» I injected the three pre
sumably sensitized guinea pigs intrsperitoneally with 
the amounts of antigen recorded in Table Y. The onset 
of the reactions to these injections of antigen took 
place after the following intervals*

animal (1) 12 minutes
animal (2) 9 minutes
animal (3) 15 minutes
The first symptom that became apparent was gasp

ing. This gasping increased in severity for a space 
of about three minutes, at the and of which the animals 
were contracting their diaphragms convulsively at 
ten second intervals, but they were unable to inspire. 
There was a marked cyanosis apparent on the shaved 
areas of their abdomens. The neck hair was considerably 
ruffledj the animals became paraplegic and were unable 
to use their posterior extremities. After a period 
of approximately three minutes the spasmodic con
tractions of the diaphragm became progressively less 
severe and less frequent, and the respiration became 
sore normal. There was no urination or defecation. 
Fifteen minutes after their onset, the symptoms 
of respiratory distress had abated considerably



except in animal (2). This animal continued to con
vulse, with decreasing severity and frequency, until 
1:00 A.M., when I ceased observations. Its respiration 
was again normal at 8:00 A.M. The paraplegia persis
ted in all three animals for approximately thirty 
minutes, during which time they all mad® feeble at
tempts at dragging themselves around with their an
terior appendages. The subsiding of the respiratory 
syaptoras was immediately succeeded by a five minute 
period of shivering. Within forty-five minutes af
ter their appearance all symptoms, except the spasms 
of guinea pig (2), had subsided to the point of nor
malcy. All three animals survived.

I gave animals (4) and (5) each an intracardial 
injection of two-tenths of a cubic centimeter of 
guinea pig serum which was sensitized to human serun. 
This "immune” serum had bean obtained from animal
(1) on the evening of February 20, 1947* That it was 
immune is apparent from the reaction, described above, 
that animal (1) gave the following evening whan it was 
Injected with the specific antigen. The injections of 
animals (4) and (5) are recorded in Table III.

Four hours after it had been sensitized I gave 
animal (4) an intracardial injection of the antigen, 
as recorded in Table IV. ' The animal gave no response 
to this injection.



Six hours after the passively sensitizing in
jections hod been given, I gave animal (5) an intra- 
cardial injection of the antigen, the amount being 
recorded in Table IV. The response to this injection 
was one of mild inspiratory inhibition and was not
iceable within three minutes. There was no paraplegia 
or diaphragmatic convulsion. The neck hair ruffled, 
and the animal underwent a period of shivering. The 
shock, while distinctly noticeable, was mild, and re
covery was fairly rapid. The animal was normal 
within twenty minutes after the initial appearance 
of the symptoms.

On February 28, 1947, I gave guinea pigs (1),
(2), and (3) each the intraeardlal Injections of an
tigen recorded in Table VI. These injections were 
given one weak after these same animals had recov
ered from a sub-lethal dose of the antigen and were 
of the same amount. The refractory state was evidently 
still persisting Inasmuch as the animals exhibited 
no response to the injections.

On March 14, 1947, I administered the injections 
recorded in Table VII to animals (1), (2), and (3)»
The amounts of these injections exceeded the corres
ponding sensitizing amounts by two hundred percent 
and the sub-lethal shocking doses, given on February 
21, 1947, by one hundred percent. Animals (1) and (2)



responded violently within two minutes. The response 
of animal (3) came after a five minute period of lass
itude and apparent melancholy, if such an expression 
be applicable to a guinea pig.

The symptoms were very severe. The convulsive 
contractions of the diaphragm occurred at ten second 
intervals at the time of their onset. They decreased 
in frequency, but continued in severity. At the end 
of two minutes of these spasms, the contracted 
diaphragm was being held in for fifteen seconds as 
ths animals made violent but futile efforts to inspire. 
The abdomen and the nasal mucosa exhibited marked cyano
sis. The neck hair was almost erect. Urine, but not 
feces, was discharged by animals (1) and (2).

Paraplegia was present, but was not as marked in 
degree and duration as it was in the same animals during 
the sub-lethal shock. Animals (1) and (2) died within 
six minutes of the onset of the symptoms without going 
through the period of shivering. Animal (3) passed 
from the stage of paraplegia and respiratory spasa 
into a state of shivering, which lasted twenty minutes. 
It recovered from the shock and died sometime during 
the night of what a post mortem examination showed 
to be a ruptured heart.

Immediate necropsies performed on animals (1) 
and (2) showed the lungs to be completely inflated



and the hearts and pericardia to he intact. The lungs 
showed a great resistance to deflation. The heart of 
animal (1) was still heating at the tine of the post 
mortem examination.

Conclusions. Employing sensitizing doses of 
antigen ranging from one-tenth of a cubic centimeter 
to three-tenths of a cubic centimeter and an incu
bation period of two weeks, I found that the amount 
of antigen required to produce fatal anaphylactic 
shock represented an increase of from one hundred 
percent to two hundred percent over the amount used 
to sensitise. This rather large increase Is presum
ably required because of the antibodies still present 
in the circulation at the end of a two weak Incubation 
period.

The refractory state in the guinea pig persists 
for at least one week after desensitization and is 
not demonstrable two weeks after desensitization.

The incubation period required for passive sen
sitization in the guinea pig ranges between the lim
its of four and six hours.

Administering the shocking dose of antigen intra- 
cardially decreases the amount of time required for 
the onset of symptoms by an average of four hundred 
percent as compared with the time required when the 
route of the administration is intraperitoneal.



Sources of possible error. In the administration 
of intracardial injections of antigen on February 28, 
1947, and In the administration of intracardial in
jections of "Immune" guinea pig serum and antigen to 
animals (4) and (5) on February 21, 194-7, diethyl ether 
was used as an anesthetic. However, I feel that the 
stimulating effect of ether on the respiratory system 
will not vitiate these conclusions, as the result of 
this respiratory stimulus is merely a reduction of 
the severity of the symptoms and a probable pre
vention of a fatal termination.2 The possibility that 
the symptoms would be masked to the point of non- 
appearance is remote.

2 Sherwood, ojd. cit., pp. 470 ot sea.



BIBLIOGRAPHY

Boyd, William C., Fundamentals of Immunology. New 
York* Intarsclence Publishers, Incorporated, 
1945. 446 pp.

Sherwood, Noble P., Itiir.u no lory. St. Louis: The C. 
V. Mosby Company, 1935» 608 pp.

Zinsser, Hans and Stanhope- .ayne-Jonas, A Textbook 
of Sacterlolory. 8th edition, New York: D. 
Appleton-Century Company, Incorporated, 1939* 
990 pp.

"Benadryl In Allergic Diseases," Therapeutic Botes.
November, 1946, Detroit: Parke, Davis and
Company.

The Merck Index. Rahway, New Jersey* Merck and 
Company, Incorporated, 1940. 1062 pp.


