PASSIVE CUTANEOUS ANAPHYLAXIS (PCA) IN THE GUINEA PIG
AN IMMUNOLOGIC AND PATHOLOGIC STUDY
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10ZZ1, Mene, and Ovary® studied the quantitative aspects of endothelial

granulopexy induced by intradermal injection of histamine, Guinea pigs
were given intrajugular injections of India ink and, after two hours, intra-
dermal injections of histamine dilutions. Due to an inerease in the per-
meability of the vessels, an effusion of plasma colored by India ink accumu-
lated at the histamine-injected skin sites. The microscopic examination of
the test sites revealed phagocytosis of the India ink particles by endothelial
cells (granulopexy).

The authors included in their investigation an observation of granulopexy
induced at the site of antibody-antigen reaction. A skin site passively sensi-
tized with guinea pig antihorse-serum serum was challenged by intravenous
injeetion of antigen (horse serum) and India ink. There was an efflusion
of India ink at the antigen-antibody reaction site. The microscopic ex-
amination revealed minute hemorrhages, vascular lesions, and granulopectic
activity of cells in connective tissue, rather than in vascular endothe-
lium only. Preireatment with an antihistamine prevented both the effusion
and the granulopexy. The authors concluded that granulopexy induced in
guinea pig skin at the site of an antigen-antibody reaction is somewhat dif-
ferent from that induced by intradermal injection of histamine.

The antibody-antigen recaction in the skin of guinea pigs was termed
passive cutancous anaphylaxis (PCA) and tentatively attributed to the action
of histamine liberated in the course of the reaction.”

Ovary and Briot3 reported that an intracutaneous injection of the most minute
amounts of rabbit immune serum (such as a 1:30,000 dilution of rabbit antiovalbumin
serum) ean still passively sensitize a site of guinea pig skin and induce a seepage of
plasma. Determinations of precipitable antibody N (determined by the method of Heidel-
berger and Kendallt) indicated that about 0.003 meg. of precipitable antibody N was
present in 0.1 ml. of 1:30,000 dilution of antisermmn used for passive sensitization.

Various studies by Ovary,5. 7 Ovary, Biozzi, and Meue,s Ovary and Bier,8 and Biozzi,
Halpern, and Benacerraf9 established the basic ohservations on passive cutaneous anaphy-
laxis in the guinea pig as follows:

A skin site is passively sensitized with intracutaneously injected sensitive serum.
The challenge with a mixture of antigen and dye is administered by an intravenous or
intracardial route. An interaction of antibody and specific antigen is signified by a rapid
accumulation of the dye in the subepidermal tissues surrounding the sensitized skin site.?
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The induction of passive sensitivity after intracutaneous injecton of immune serum re-
quires a latent period which was found to be inversely proportional to the amount of
antibody used for passive transfer. The more potent the antiserum, the shorter the latent
period before onset of passive sensitization.? This latent period cannot be reduced to less
than thirty minutes between intradermal sensitization and subsequent challenge with
antigen.s It has been noted that antihistaminies do not abolish the PCA reaction, but
only modify it, preventing reactions at weakly sensitized sites and lessening the degree of
reactions where more potent antisera induced the local sensitization.s The distinetion
between reversed Arthus phenomenon and PCA was postulated from experiments with
antihistaminies which do not have any influence on reversed Arthus phenomenon but
modify the PCA reaction. As another evidence aiding the differentiation of the two,
it is stated that horse antityphoid polysaccharide immune serum is able to induce a severe
reversed Arthus phenomenon in guinea pig, but is not effective in inducing local sensi-
tization for passive cutaneous anaphylaxis.s

The passive sensitivity of guinea pig skin can be induced by the injection of cer-
tain human sensitive sera. Successful transfer of human diphtheria precipitating and
nonprecipitating antisera and antityphoid and antibrucella convalescent sera has been
reported by Ovary and Biozzi.io In our previous investigation,1l using antisera of human
origin, we have established that human sera of the spontaneous immediate (edema-erythema)
type of sensitivity (against pollen antigens, horse epithelium, and horse serum) were not
capable of sensitizing guinea pig skin. However, cutaneous reactivity was obtained with
human sera of the induced immediate (edema-erythema) type of sensitivity against horse
serum and with rabbit sera immunized with ragweed pollen extract. Human blocking anti-
body1+ against ragweed pollen failed to transfer and induce PCA in guinea pig.

The present study is an examination of the relationship of passive cu-
taneous anaphylaxis to immunological properties of various antibodies, and
aims at the elucidation of the pathologie physiology of this ecutaneous phe-
nomenon.

EXPERIMENTAL TECHNIQUES

Passive Cutaneous Anaphylaxis (PCA)—Male albino guinea pigs, each
weighing 350 to 400 grams, were used throughout the study. Abdominal skin,
shaved with an electric clipper, was employed. Three to six intradermal sites
were prepared, each with 0.1 ml. of sensitive serum or serum dilutions. Six
hours later an intracardial injection of corresponding antigen-dye mixture was
made. After thirty and sixty minutes, the reactions were read and considered
positive if an accumulation of dye 7 mm. or greater in diameter appeared.
Absence of dye seepage or discoloration of less than 7 mm. in diameter was
considered negative.

For quantitative estimation of sensitizing activity, dilutions of sensitive
sera were prepared with 0.85 per cent saline solution. The serum-saline dilu-
tion responsible for the minimal (7 mm. diameter) effusion of dye established
the titration end point, that is, the maximal dilution of antibody capable of
inducing reaction. The titration by dilution permitted fairly accurate estima-
tion of sensitizing poteney of investigated sera and facilitated quantitative
comparisons.

In each test animal, a known positive reacting system in maximal dilu-

tion and normal serum were included as controls. Each serum was examined
for PCA at least three times.
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Schultz-Dale Phenomenon.—Isolated guinea pig ileum was used. Fresh
segments of ileum were immersed in the sensitive serum for five hours
at 37° C.; then they were washed and suspended in 0.85 per cent saline
(37° C.). The reaction was considered positive if the challenge with specific
antigen caused immediate contraction, followed by a refractoriness of the
muscle to subsequent addition of the same antigen. Addition of histamine
confirmed the remaining ability to respond, while a challenge with nonspecific
antigen after a change of bath served as a control. Parallel experiments with
ileum strips immersed in normal human or animal sera failed to produce re-
activity upon addition of antigens.

Systemic Anaphylaxis—Systemic sensitization of the guinea pigs was
established by an intraperitoneal injection of 5 to 18 ml. of sensitive serum. The
animals were challenged intracardially twiee: with nonspecific antigen eighteen
hours after sensitizing injection and six hours later with specific antigen.
They were observed for signs and symptoms of anaphylaxis. The reaction was
considered positive if dyspnea ended in death and the autopsy revealed
emphysematous lungs.

Precipitation.—The technique deseribed as agar gel diffusion Oudin,'? as
well as the classical test tube method of precipitation, was used.

Antigens.—

Passively sensitized animals: These were challenged intracardially with
the proper antigens. The following amounts were used: 1 ml. of concentrated
antigen extraets containing 100,000 to 200,000 protein nitrogen units* per
milliliter; 0.2 ml. of horse serum; and 0.2 ml. of 5 per cent solution of the
offending plasma protein in 0.85 per cent saline.

Passtve cutaneous anaphylaxis: The challenging dose of antigen, as stated
above, was mixed with 0.25 ml. per 100 grams of body weight of 1 per cent
Evans blue solution just prior to injection.

Schultz-Dale experiments: Two-tenths milliliter of antigen extracts, horse
serum, or plasma protein antigen solutions were used for each 10 ml. of saline
constituting the suspension bath for tested intestinal segments.

Precipitation: Several dilutions of the antigens were employed.

Sensitizing Serums—The various investigated sensitive sera, the sensitized
species, and the offending antigens (respective test antigens) are listed in
Table I. In the sponfaneous human allergies of the immediate type (edema-
erythema group) the antisera had skin-sensitizing property in at least 1:800
dilution in the Prausnitz-Kiistner tests. The skin-sensitizing ability of human
sera of the induced human immediate (edema-erythema) type of sensitivity
was not demonstrable in dilutions exceeding 1:300 dilution.

Titrations of sensitive sera of animal origin indicated only a limited ability
to sensitize human skin. TFor the purpose of the present investigation, only

*One protein unit contains 0.00001 mg. phosphotungstic precipitable nitrogen.
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undiluted antiserum and 1:10 dilutions were employed to demonstrate human-
skin-sensitizing property of animal antisera. The capacity to induce guinea
pig skin scnsitivity, reflected by PCA titers, did not relate proportionally to
the human-skin-sensitizing activity.

Sera capable of transferring sensitivity to guinea pig skin induced positive
PCA reactions in dilutions as high as 1:24,000 (rabbit antiovalbumin serum),
1:12,000 (human antihorse-serum serum), 1:6000 (guinea pig antibovine-
albumin serum). Only very few ranged as low as 1:800 (human anti-
Iriedlander and antipneumococeus S.8.S. Ill-convalescent sera, rabbit anti-
ragweed serum, and guinea pig antituberculopolysaccharide serum).

Serum Fractions——These were derived from induced human antihorse-
serum serum* and normal human serum and were employed for investigation of
PCA phenomenon. Fractions designated as euglobulin, intermediate globulin,
pseudoglobulin, and albumin were separated from serum on the basis of their
solubility properties in ammonium sulfate solutions and then resolved by
dialysis into water-soluble and water-insoluble constituents.?” Electrophoretic
pattern and mobility indicated that the fraction designated as water-soluble
euglobulin is essentially gamma globulin.®* This euglobulin dissolved in saline
in about the same proportion as found in the original serum, demonstrated
approximately 28 per cent of human-skin-sensitizing activity of the whole
serum.®®  Tts ability to sensitize guinea pig skin and induce a PCA reaction
was reduced by about 50 per cent. The water-soluble albumin derived from
the same horse-serum-sensitive serum failed to reveal aetivity in any of the
above mentioned immunological tests.

Fractions designated as normal human euglobulin and normal human albu-
min were water-soluble constituents of fractions derived from normal non-
allergic human serum (Xrs.). They were isolated by ammonium sulfate frae-
tionation and dialysis, as described above, for use as controls and as diluents
as specified in the text,

EXPERIMENTAL FINDINGS

Table I shows the results of PCA in guinea pig and the contrasting im-
munological propertiest of investigated sensitive serum as determined by test-
ing their activities in terms of :

1. Passive transfer of sensitivity to human skin (skin-sensitizing
property—term based on passive sensitizing activity upon human
skin as demonstrable in Prausnitz-Kiistner tests).

2. Passive transfer of sensitivity to guinea pig (muscle-sensitizing
property—term based on passive sensitizing activity upon guinea pig
smooth muscle as demonstrated by means of passive systemic an-
aphylaxis and Schultz-Dale phenomenon).

*Serum obtained from a patient who had suffered serum sickness following administration
of tetanus antitoxin (horse serum).

iThe nomenclature defining antibodies by their properties or functions is that suggested
by Cook, R. A., and Spain, W. C.: Studies in Hypersensitiveness: A Comparative Study of
Antié)é)di%sgg)ccurring in Anaphylaxis, Serum Disease and Naturally Sensitive Man, J. Immunol.
17: 5, .
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TaBLE I. COMPARATIVE STUDY OF IMMUNOLOGICAL PROPERTIES

DIRECT SKIN TEST,
IMMEDIATE WHEAL,

SENSITIVE TYPE OF IMMEDIATE AND ERYTHEMA
SPECIES ANTIGEN SENSITIVITY REACTION
Human Ragweed pollen Spotaneous Pos.
Timothy pollen Pos.
Horse epithelium Pos.
Horse serum Pos.
Pork Pos.
Peanuts Pos.
Egg white (hen) Pos.
Penicillin (e) Induced Pos.
Tetanus antitoxin Pos.
(test antigen: horse serum)
Pneumococcus T.I1I Pos.
(test antigen: 8.8.8. IIT)
Klebsiella friedlinderi (f) Neg.
Eberthella typhi (g) nr, (a)
Brucella melitensis (g) n.r.
Diphtheria toxoid (i) Pos.
Diphtheria toxoid (i) Pos.
Ragweed pollen extract (j) Induced blocking Neg.
Rabbit Ragweed pollen extract Induced Arthus (k)
Human albumin Arthus
Bovine albumin Arthus
Ovalbumin Arthus
Pneumococcus T.IIT Arthus
(test antigen: S.8.8. IIT)
Guinea pig Bovine albumin Induced (m) Arthus
Horse serum Arthus
Tubercle bacilli (n) Pos. (p)

(test antigen: TBB-polysac-
charide) (o)

Key to symbols:

(a) Abbreviations: n.r. = not reported; n.d. = not done.

(b) Precipitation determined by agar gel diffusion (Oudin).??

(¢) Published and discussed in our previous study.t

(d) Sensitivity to horse epithelium and horse serum.

(e) Four investigated specimens of this group were selected out of nineteen penicillin-sensitive
sera because in these four instances only the patients from whom the bleedings were obtained
suffered an anaphylactoid shock after administration of the drug. demonstrated positive im-
mediate skin tests, and the sensitivity was passively transferrable to normal human skin.
(Prausnitz-Kilistner reaction in at least 1:200 dilution.)

(f) A filtrate of bacterial vaccine (derivative of Klebsiella friedlidnderi culture growth) was used
as the test antigen.

(g) Published by Ovary and Biozzi.®

(h) Agglutination.

(i) Published by Kuhns and Pappenheimer.1

(j) Two nonallergic volunteers were given injections of low ragweed pollen extract; after repeated
series of injections neither of the two demonstrated vpositive skin tests to the extract. The
sera were obtained for use in testing of their blocking effect; 1 ml. of such immune serum
“blt‘);ck;ed” the activity of low ragweed pollen extract in the order of 1,600 protein nitrogen
unijts.?

(k) Direct skin testing of the sensitized animals with antigen resulted in Arthus phenomenon
characterized by hemorrhagic necrosis, verified by histologic examination.

3. Precipitation (precipitating property—term based on formation
of specific precipitate upon interaction of antigen and antibody
in vitro).

4. Agglutination (agglutinating property—term based on formation
of specific agglutinate upon interaction of antigenic particles,
that is, bacteria, and antibody in vitro).
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OF VARIOUS ANTIBODIES IN SERA OF MAN AND ANIMALS

IMMUNOLOGICAL PROPERTIES OF ANTIBODIES
DETERMINED BY APPROPRIATE TESTS

PASSIVE SCHULTZ-DALE PASSIVE
PASSIVE SYSTEMIC PHENOMENON CUTANEOUS
TRANSFER IN | ANAPHYLAXIS IN ON ISOLATED ANAPHYLAXIS
NO. OF SERA HUMAN GUINEA PIG GUINEA PIG PRECIPITATION | IN GUINEA PIG
EXAMINED SKIN (SHOCK) ILEUM (b)Y SKIN
3 Pos. Neg. Neg. Neg. Neg. (¢)
1 Pos. Neg. Neg. Neg. Neg. (¢)
4 (d) Pos. Neg. Neg. Neg. Neg. (e)
Pos. Neg. Neg. Neg. Neg. (e)
1 Pos. Neg. Neg. Neg. Neg.
1 Pos. Neg. Neg. Neg. Neg.
2 Pos. Neg. Neg. Neg. Neg.
4 Pos. Neg. Neg. Neg. Neg.
4 Pos. Pos. Pos. Pos. Pos.
1 Pos. Pos. Pos. Pos. Pos.
1 Neg. Pos. Pos. Pos. Pos,
1 n.r. n.r. nr. Pos. (h) Pos.
1 n.r. n.r. n.r. Pos. (h) Pos.
1 Pos. Pos. nr. Neg. Pos. (g)
1 Pos. Pos. n.r. Pos. Pos. (g)
2 Neg. Neg. Neg. Neg. Neg. (e)
3 Pos. Pos. Pos. Pos. Pos. (e)
1 Neg. (1) Pos. Pos. Pos. Pos,
2 Pos. Pos. Pos. Pos. Pos.
2 Pos. Pos. Pos. Pos. Pos.
1 Pos. Pos. Pos. Pos. Pos.
2 Neg. Pos. Pos. Pos. Pos.
2 Neg. Pos. Pos. Pos. Pos.
pooled n.d. (a) Pos. (1) Pos. (1) Pos. (1) Pos. (1)

(1) Rabbit antihuman albumin immune serum, when injected in human skin, did not produce a
typical wheal and erythma reaction. After five to six hours the injected site became indurated.
The infiltration was found maximal after twenty-four hours. This misht be regarded as re-
versed Arthus phenomenon, although a confirming histological diagnosis was not made.

(m) Guinea pigs were immunized by series of subcutaneous injections of antigen with Freund’s
adjuvant.’®

(n) Male guinea pigs were immunized by series of subcutaneous injections of autoclaved, washed,
and lyophilized tubercle bacilli of human type (10 mg. of TBB in 1 ml. of paraffin oil biweekly
for four to six weeks. R

(o) Tuberculopolysaccharide S-4 for our investigation of the immediate type of reactivity of TBB-
sensitized guinea pigs (direct skin tests and immunologic examinations of pooled serum) was
kindly supplied to us by Dr. Dennis W. Watson, professor of bacteriology and immunology,
University of Minnesota.

(p) Out of eighteen TBB-sensitized guinea pigs tested with TBB-polysaccharide S-4 six guinea
pigs exhibited immediate erythma at least 15 mm. in diameter which became edematous with-
in one to two hours. (Skin test doses of 10 mcg. of TBB-polysaccharide S-4 were used. Skin
tests on normal guinea pigs failed to produce reactivity.) Twenty-four hours after skin testing
with polysaccharide S-4 an induration was found at all sites irrespective of presence or absence
of immediate response. Minute amounts of tuberculoprotein present in the polysaccharide may
be regarded as responsible for this delayed type of reaction All eighteen TBB-immunized ani-
mals, when tested with 7 mcg. of P.P.D. (prepared from Parke, Davis & Company com-
mercial tablets) demonstrated intensive delayed tuberculin reaction with central necrosis.

(r) P.P.D. used in identical control experiment failed to produce reactivity.

5. Blocking effect (blocking property—term based on behavior of
these antibodies in skin tests* and must not be confused with the
term “blocking” in serologie tests for Rh sensitization®®).

Relation of Muscle-Sensitizing Property to PCA.—From the present experi-
ments, it can be seen that the ability to induce PCA reaction s always parallél
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to the ability of antibodies to sensitize guinea pig smooth muscle (compare
passive systemic anaphylaxis and Schultz-Dale phenomenon with PCA reactions
i Table I).

Relation of Skin-Sensitizing Property to PCA.—The human-skin-sensitizing
sera of spontaneous immediate (edema-erythema) type and of the induced
immediate (edema-erythema) type of sensitivity to penieillin, highly active
in human skin by direet and indireet tests, were not capable of inducing
guinea pig smooth muscle sensitivity ; nor were they able to transfer to guinea
pig skin (PCA).

Four hours’ heating (at 56° (.) of human sera (induced antihorse-
serum serum, antipneumococcus S.8.8. Ill-convalescent serum) as well as
animal antisera, all capable of inducing human skin sensitivity, smooth mus-
cle sensitivity, and PCA reaction, destroyed the human-skin-sensitizing prop-
erty but did not alter the other two. Schultz-Dale experiments repeated with
heated sera demonstrated the remaining musele-sensitizing property, and
repeated PCA titrations confirmed the transfer of sensitivity to guinea pig
skin with no more than slight change of titration end points.

There 1s no indication that the human-skin-sensitizing property of anii-
bodies, both spontaneous and induced, is responsible for or identical with that in-
ducing guinea ptg smooth muscle or guinea pig skin sensttivity (PCA).

Relation of Precipitins to PCA.~—In our previous study,'* using induced
human antihorse-serum serum, we have reported that precipitins demonstrable
by the Oudin method withstand heating at 56° (. for sixty hours. A marked
decrease in precipitin content was evident after four hours’ heating, as es-
timated by classical test tube method. Using a variety of precipitating sera, this
observation may be confirmed. Most preecipitins decrease markedly after heating
for four hours; however, Schultz-Dale phenomenon remains positive and PCA
reactions remain essentially unchanged as estimated by end point titration.

Human nonprecipitating antidiphtheria serum (included in Table I) has
been reported to transmit smooth muscle sensitivity to guinea pig'® as well
as passive eutaneous reactivity.’® This we have confirmed.*

Our experience with nonprecipitating guinea pig antibovine gamma globu-
lin serum duplicates the latter report.

Eighteen guinea pigs were sensitized by a single intracardial injection of
1 ml. of 10 per eent bovine gamma globulin solution in saline. On the fifth,
ninth, twelfth, fifteenth, and eighteenth days after injection of the offending an-
tigen, 2 to 4 ml. of blood was withdrawn by cardiac puncture. Three guinea
pig antibovine gamma globulin sera (one obtained on the fifth, two on the ninth
day after sensitizing injection) were able to induce passive eutaneous reactions

*Subsequent to the first draft of this report, we have examined a human antidiphtheria
serum supplied through the courtesy of Dr. A. M. Pappenheimer of New York University and
another human_ antidiphtheria serum from our service at the Roosevelt Hospital. Both sera
were nonprecipitating but gave a positive Prausnitz-Kiistner reaction and a positive Schultz-
Da)e phenomenon, as well as positive PCA reactions, in dilutions as high as 1:256. The
diphtheria toxoid concentrate (1950 Lf per milliliter) used in several dilutions as test antigen
for precipitation, Schultz-Dale and PCA, was supplied through the courtesy of Dr. J. Freund
by the Department of Health, City of New York. The purified diphtheria toxoid (50 L& per
milliliter) for skin testing as well as booster injections was donated by the Department of
Public Health, Commonwealth of Massachusetts, Division of Biologic Laboratories.
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(with end point titrations of 1:16, 1:64, and 1:128) and, when pooled, trans-
ferred smooth musele sensitivity to normal guinea pig (positive passive sys-
temie anaphylaxis) as well as to isolated intestinal segments (positive Schultz-
Dale phenomenon). Precipitins in these sera were not detectable by classical
test tube precipitation or by Oudin’s agar gel diffusion.’* Of thesc threc an-
imals, one died and the remaining two developed precipitins. Antisera of
the other animals in the group cither simultaneously transferrcd passive
cutaneous reactivity to guinea pig skin and contained precipitins or simul-
taneously failed in both.

Furthermore, we were unable to elicit any anaphylactic phenomenon
(passive systemic anaphylaxis, Schultz-Dale, or PCA), using rabbit anti-
ragweed sera* to transfer sensitization and fraction 2 of low ragweed pollen
extraet'® as the challenge. Precipiting in these sera, against fraction 2 of the
low ragweed extract (determined by Oudin method), were repeatedly posi-
tive. Precipitation of normal rabbit serum by fraction 2, as controls, failed.

From the above-cited results, it seems that meither the passive cutaneous
reactivity (PCA) nor passive muscle-sensitizing activity in guinea pigs 1is
quantitatively or qualitatively related precipitin content of semsitive sera.

Fization of PCA Reactivity.—Presence of normal serum (if used for prepa-
ration of sensitive serum dilutions) strongly interferes with fixation of antibody
responsible for sensitization of guinea pig skin (PCA). Ovary and Bier* using
two rabbit antisera (antiovalbumin and antipneumococcus S.S.S. IIT), have
demonstrated, by PCA end point titrations, that rabbit sensitive serum diluted in
saline is capable of inducing passive cutaneous reactivity in about 50 to 100
times greater dilution than when diluted in normal rabbit serum.

Results of an extension and several variations of the quoted study are
tabulated in Table II. Section A confirms the results reported by Ovary
and Bier.? The variations of this model experiment (Sections B and C)
ascertain that the intensity of passive sensitivity in guinea pig skin (PCA)
following transfer of rabbit or human antisera (heterologous serum transfers),
as well as guinea pig antisera (homologous serum transfer), is dependent upon
quantitative relationship of antibody and serum proteins.

Experiments with sensitive cuglobulin (essentially pure gamma globulin)
isolated from induced human horse-serum-sensitive serum and fractions
(euglobulin and albumin) of normal human scrum (Krs.) are listed in Table
II, Section D. In this section tabulated results reveal that the normal euglobu-
lin, which is a fraction of normal human serum (Krs.), when in the same con-
centration as in the whole serum (1.17 per cent), inhibits the PCA reactions
as much as the whole normal serum (Krs.). In econtrast, the normal albumin,
also a fraction of the same normal human serum (Krs.), in the same concentra-
tion as in the whole serum (4.28 per cent) does not inhibit the passive cu-
taneous sensitivity (PCA). In other experiments, to be reported later, the
normal euglobulin solutions (Krs.) of double (2.34 per cent) and greater

*Rabbits were sensitized with alum-precipitated low ragweed pollen extract, containing
fraction 1, fraction 2 and fraction 3.1°
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(4.68 per cent) amounts of the concentration used in the experiment tabulated
in Section D (normal euglobulin, 1.17 per eent), showed that the inhibition
of PCA increased proportionately to the increase of concentration of normal
cuglobulin (Krs.) solutions used for preparation of sensitive cuglobulin dilu-
tions.

From these experiments, it is apparent that the fixation of antibody gamma
globulin to guinea pig skin is interfered with and the PCA reactions are in-
hibited when the content of normal serum gamma globulin is increased.

The passive sensitization of guinea pig skin (PCA) seems fo be dependent
upon competitive fixation of reactive antibody gamma globulin and serum gamma
globulin. The ratio of antibody to serum globulin influences the degree of satura-
tion of the skin receptors with reactive and nonreactive gamma globulins; the in-
tensity of the PCA reaction varies accordingly.

Effect of Drugs on the PCA Reaction.—In an attempt to relate the mech-
anism of passive cutaneous anaphylaxis of the guinea pig to a mediatory
action of substances possibly liberated in the course of antibody-antigen inter-
action, drugs known to influence allergic mechanisms were tested for their
effectiveness upon the PCA reaction. Sensitive sites in guinca pigs were pre-
pared with dilutions of 0.5 per cent induced human horse-serum-sensitive
cuglobulin, and six hours later the challenging doses of a mixture of horse
serum, Evans blue, and cither antihistamine, heparin* hydrocortisone,t or
epinephrine were injected intracardially.

The rvesults are compiled in Table IIT and show that antihistamine,
heparin, or hydroeortisone is able only to reduce the intensity of passive cu-
taneous anaphylaxis as evidenced by decrease of end point titers and redue-
tion of size of positive reactions. The effectiveness of these three drugs seems
to be limited by the role and/or the degree of importance of the partial meech-
anism in PCA antagonized by their pharmacodynamic activity. Administra-
tion of increased doses did not promote an increase of inhibition. The results
recorded in experiments with epinephrine, a potent constrictor of the skin
vessels, seem to emphasize the importance of vasoconstriction, a pharmaco-
mechanic interference, with the development of PCA.

Gross Pathology and Histopathology of PCA Reaction—Preliminary ex-
periments and observations indicated a need for several minor modifications
of the experimental procedure for maeroscopic and microscopic obscrvations
of the development of passive cutaneous anaphylaxis in guinea pigs.

One per cent and 3 per cent saline dilutions of water-soluble euglobulin
isolated from induced human horse-serum-sensitive serum were employed for
transfer of sensitivity. Dilutions (1 per cent and 3 per cent) of normal human
euglobulin derived from normal nonallergic serum served as nonreactive eon-
trols. The 1 per cent solution of sensitive gamma globulin, in amounts of

*Heparin, an inhibitor of Arthus®® and Shwartzman phenomena,? prevents thrombus
formation. Being an ingredient of hyaluronidase inhibitor,22 it increases the viscosity of
blood and diminishes the permeability of intracellular substances.®

+The water-soluble hydrocortisone has, as heparin, an antihyaluronidase activity and
also a relaxing effect on guinea pig smooth muscle, antagonizing histamine.2
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0.05 ml. per site, was able to induce minimal PCA (7 mm. in diameter) in
1:800 dilution; the 3 per cent solution, 0.05 ml. per site, titrated as far as
1:2,400.

Two skin sites were prepared with 0.05 ml. on each side of the abdominal
wall, one with the sensitive gamma globulin and the other with the eorrespond-
ing dilution of normal gamma globulin. The initial sensitizing intradermal
injection bleb was 2 to 3 mm. in diameter. It rapidly flattened and spread
out. In one hour the margins became diffuse. By the second hour it was
difficult to identify the site of the injection. After three or four hours the skin
had a normal appearance. Whenever, due to individual intolerance of the
guinea pig skin, an irritant effect of the injected material occurred, such as
slight swelling or mild erythema, the animal was eliminated from further ex-
perimentation.

The histology of the passively sensitized site before challenge with anti-
gen was that of a very mild, nonspecific, inflammatory reaction with its max-
imum at the third hour after the injection. It consisted mainly of poly-
morphonuclear leukoeytes, both diffuse and perivascular. This very mild
infiltration was confined solely to the initially injected site and the adjacent
area, totaling about 5 to 6 mm. in diameter. Toward the sixth hour, the in-
filtration had undergone major involvement, and it was of minimal density
eight hours after the initial injeetion. On the basis of the microscopic find-
ings, it was decided to begin the further observation eight hours after the
initial intradermal injection of sensitizing material on both the quiescent
(before challenge) sensitized sites and the reacting (after antigen-dye challenge)
sensitized siles.

The skin on the belly, including the subcutancous connective tissue and
subdermal layer containing cutaneous blood-supply vessels, was eut along
the entire midline, carefully separated from the abdominal musculature, and
reflected for about 3 to 5 em. The parallel venules and arterioles, as well as
capillaries, of the quiescent semsilized site (that is, before challenge), viewed
by means of thirtyfold surface magnification, were of unchanged size, the
venules being slightly larger than the corresponding arterioles. There was
no obstruction of the circulation due to contraction of the vessels or oblitera-
tion of the lumina by leukoeytes or erythrocytes. At this point, the animal
was sacrificed and speedily drained of blood. The subdermal layer was
stripped away and the skin and subcutaneous connective tissue were exposed.
The blood-free vessels in a quiescent sensitized site collapsed and became
grossly invisible in the connective tissue. Only a faint yellowish discolora-
tion, about 3 to 4 mm. in diameter, indicated the initial intradermal injection
bleb.

The same technique was employed for observation of changes in the
reacting sensitized areas (that is, after challenge with antigen-dye mixture).
For the photographs of reacting areas on the reflected skin, the animals were
sacrificed and bled out at times specified in the legends for the respective
illustrations, and the subdermal layer was removed from the skin and sub-
cutaneous connective tissue as described above,
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The major changes in the reacting sensitized area occur within ten minutes
after the intracardial challenge with antigen-dye mixture. Iifty to ninety
seconds after the challenge, an clliptical arca of the skin (about 40 by 20
mm.), surrounding the site of initial intradermal injection of sensitized ma-
terial, flares up. The skin becomes vividly crythematous for several seconds
(Plate I, A). The hyperemie flare is caused by an instant distention of
capillaries and venules (Plate I, B). Arterioles seem not to take part in the
reaction, and neither dilate nor contract. The flow of blood into the reacting
arca continues, and the dilation of venules and capillaries increases as more

Fig. 1. Fig. 2.

Fig. 1.—A venule, congested with erythrocytes and a patent, not contracted arteriole.
The perivascular infiltration by degenerate leukocytes is a residue of a moderate, nonspecific
inflammatory reaction caused by the intradermal injection of sensitizing gamma globulin
eight hours before the challenge and the onset of the PCA reaction.

Fig. 2.—A capillary and a venule, both maximally congested with erythrocytes, shortly
féf&?(!(')ctyligs.onset of the PCA. The perivascular infiltration rapidly increases by diapedesis of
blood cells enter (Figs. 1 and 2). The movement of erythrocytes in the en-
gorged veins and capillaries is almost completely halted at the point of highest
congestion. White blood cells accumulate at the walls of the venules, at times
in layers several cells thick. Some leave the lumen and enter the surrounding
tissues by rapid diapedesis, some adhere to the endothelial lining of the
venules, and some form eclusters among the congested erythrocytes (Figs. 3
and 4). The appearance of leukocytic clusters coineides with a short but
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Fig. 3. Fig. 4.
Fig. 3.—A maximally dilated venule, congested with erythrocytes. l.ecukocytes adhere
to the endothelial lining. Note the interstitial edema with infiltration.

Fig. 4.—A venule with changes as in Fig. 3. In addition to a number of white blood
cells adherent to the wall, there is a cluster of leukocytes in the center of the congestion.

Fig. 5. Fig. 6.

Fig. 5—A venule with an aggregate of erythrocytes. The whole endothelial lining is
lifted away from the musculature of the venule wall by intruded leukocytes.

Fig. 6.—No such changes are found in the concomitant arteriole. The lumen is patent
%‘o blogdlﬂow. There is no adherence or clustering of leukocytes. The endothelial lining is
ree of changes.
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complete arrest of flow movement in the affected venules. This aggregation
and compression of erythrocytes reaches its maximum four to six minutes
after the challenge.

The endothelial eells of the venules are gravely damaged. The cellular
protoplasm is swollen and the nuclei are pyknotic and achromie. In some
venules, the leukocytes creep under the damaged endothelium and separate
the endothelial lining from the musculature of the vessel wall (Fig. 5). No
such changes can be observed in the concomitant arterioles (Fig. 6).

Fig. 7. Fig. 8.

Fig. 7.—An engorged venule surrounded by a mass of extravasated erythrocytes caught
in adjacent connective tissue.

Fig. 8.—A wvenule freed of erythrocytic congestion. The endothelial lining is covered
by adherent white cells.

At the time of the initial flare-up (fifty to ninety seconds after challenge)
and throughout the above-deseribed process to maximal congestion, extravasa-
tions of erythrocytes occur alongside the venules. The intensity and num-
ber of these extravasations are proportionally related to the sensitizing
dose of the material used for passive sensitization of the skin site. The ex-
travasations are markedly more numerous in the reacting areas sensitized with
3 per cent solution of sensitive gamma globulin than in those sensitized with
1 per cent solution (Plate I, compare B and D). The circulation in the venules
interrupted by extravasation of erythrocytes ceases and the blood cells are
caught permanently in the connective tissue surrounding the venule (Fig. 7).
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Simultaneously with (or a few seconds after) the initial hyperemic flare,
an cxudation of the blue-colored plasma heging on the periphery of the re-
action, demarcating the outer arcas of sensitization (Plate I, C and D). Five
minutes later, the blue effusion has spread centripetally and forms a band
around the reacting site (Plate I, K and F').

A difference in intensity and speed of changes, within the outer and cen-
tral portions of the reacting area, affecting the flow rate of blood, may be
responsible for the early peripheral and delayed central exudation. It would
seem that the flow of blood in the marginal areas is slowed down by dilatation
of the venules and capillaries, but not brought to a complete stop by clustering
and adherence of leukocytes and peeling of the endothelial lining, as noted in
the venules of the central portion of the reacting area (the outer exudation
starts immediately after the onset of the reaction). The flow of blood in the
central areas is almost completely halted and, for a short period of time, is
arrested; thus, the central exudation is delayed during the time of circula-
tion stoppage.

Sy L,

w

Fig. 9.—S8ix hours after the initial flare, the subcutaneous edema is of maximal thickness
(about 3 to 4 mm.). The cellular infiltration is now homogeneously distributed throughout
tﬂhe edferg?.to(lils connective tissue. There are a venule and concomitant arteriole, both free to
oW O ood.

Approximately four to six minutes after the beginning of the reaction,
the masses of red blood cells in the venules of the central area break apart
and begin to move. The erythrocytic aggregates, as well as the clusters of
white blood cells occluding the lumina and thickly covering the endothelium,
disappear in the cireulation. With the blood flowing through the dilated
capillaries and veins, many of them stripped of their endothelial lining,
voluminous exudation begins instantly, Within several minutes, the en-
tire reacting area is covered and the tissues arc soaked with blue-colored
plasma (Plate I, G and H).

The preparation of the skin for the photographs is deseribed above. The
dilated veins, freed of obstructing masses of erythrocytes and leukoeytes, are
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emptied of circulating blood and are collapsed in the subcutancous eonneetive
tissue (I'ig. 8). Veins permanently blocked by extravasation of red eells and
those, at the time of exposition after the animal has been sacrificed, still
plugged and engorged by crythroeytic and leukoeytie thrombi, show in the
Kodaehromes of PCA reactions (Plate I, B, D, F, and II').

For six hours after the initial flarc-up, the subcutaneous interstitial edema
gradually increases in thickness to 3 to 4 mm. (Fig. 9) and centrifugally in
size to 60 by 35 mm. Thereafter, no apparent increase of edema occurs. Dur-
ing the time of actual reaction (first ten minutes) and thereafter, a great
number of polymorphonuclear and mononuclear white blood cells leave the
circulation by rapid diapedesis. The thick, essentially perivascular infiltration
(Fig. 10) spreads homogeneously throughout the reacting site simultaneously
with increase of the interstitial edema fluid, entering into spaces between
the dissociated connective tissue fibrils (Fig. 9). In the six- to cight-hour
lesions, many leukocytes are found to be already degenerate. No further
major quantitative inerease or qualitative change (such as eosinophilic or

Fig. 10.—A venule with a mass of leukocytes adhering to the endothelium, obstructed by
an erythrocytic aggregate, and a concomitant arteriole free of such changes. The vessels are
surrounded by a dense perivascular infiltration. The infiltrative cells begin to spread into
spaces between the dissociated connective tissue fibrils.

mononuclear reactions) of the infiltration becomes evident. In twelve to
thirty-six hours the edema undergoes a progressive and total resorption with-
out any tissue damage, such as necrosis of connective tissue or epithelium
of the skin. In thirty-six-hour lesions there are still some pyknotic polymorpho-
nuclear leukocytes. There is also a fresh, diffuse, but sparse, infiltration by
mesenchymal ecells, histioeytes, and local proliferative-reparatory reaction
around veins obliterated by extravasation of erythroeytes. However, within
three days after the reaction, all remnants of edema and cellular elements
completely disappear, leaving no trace of damage.

Comment on the Pathology of PCA Reaction.—Passive cutaneous anaphy-
laxis in the guinea pig is a vascular phenomenon with dominant venous and
capillary manifestations. It is the result of an interaction (eccurring simul-
taneously at all semsitive points) between passively fixed antibody and eorre-
sponding antigen brought in via circulation. The fixation of antibody occurs
during the resorption of sensitizing material in the cutaneous network of
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capillaries and venules, and is conditioned by binding affinity of globulins to
guinea pig skin. (There seem to be globulins which are not bound, such as
human blocking antibody,’* and horse,® bovine, and goat gamma globulins.?)
During the PCA reaction, a hyperemic flare develops as a result of dilatation
of venules and capillaries. Arterioles do not seem to contract or dilate.
Possibly the hydrodynamie pressure in the venules and capillaries increases
due to dilatation of the lumina,* and as a result the damaged vessel walls
become maximally pervious to plasma.

In contrast to our findings stands the work of Abell and Schenck,*” who
observed microscopically a reaction in the ear of an actively sensitive rabbit
after introduction of antigen (Arthus phenomenon). Arteriolar contraection
with obliteration of the lumina and shutting-off of the circulation in the re-
acting area was noted. Their observation is extended by Benacerraf and
Kabat,?® who noted in passive Arthus phenomenon in guinea pig skin a con-
traction and fragmentation of arterioles after intradermal injection of anti-
gen. In the PCA there is no evidence of a protracted spastic constriction of
arterioles and, also contrary to the observations by Abell and Schenck,”
there is a maximal dilatation of venules and ecapillaries. The intravenous
changes in the PCA (adherence and clustering of leukoeytes, endothelial
damage, congestion, and extravasation of erythroeytes) are similar to: (1)
those seen by Lecomte and Hugues?® in mesenteric vessels of sensitive rabbits
and guinea pigs after contact with antigen, (2) those reported by Irwin,
Weille, and Burrage®® during systemic anaphylaxis in the guinea pig, and (3)
those reported by Abell and Schenck?” in the ear venules of sensitive rabbits
after antigen has been repeatedly instilled.

To dispel doubts and ascertain a distinetion between PCA (an interaction
of intradermally fized antibody and circulating antigen) and reversed Arthus
phenomenon (an interaction of ecireulating antigen and intradermally instilled
antibody), both reactions were demonstrated with identical antisera in the
same guinea, pig.

On one side of the belly a skin site was injected intradermally with anti-
serum (0.1 ml. of 0.5 per ecent or 1.5 dilutions of induced horse-serum-sensitive
gamma globulin). Eight hours later, antigen (0.5 ml. of horse serum)
and dye were injected in the circulation. PCA reaction developed. Next, the
identical antiserum was injected intradermally on the other side of the belly.
At this skin site, a reversed Arthus phenomenon (severe with 1.5 per cent,
moderate with 0.5 dilution) developed within six to eight hours. The changes
at the reversed Arthus phenomenon site were similar to the changes described
for Arthus phenomenont resulting in a necrosis of connective tissue and
epithelium within eight to thirty-six hours® *? contrary to the cvanescent
changes at the site of PCA reaction.

*Bernoulli’s theorem? states that along a stream line where the velocity of a fluid is
high (narrow Ilumen) the hydrodynamic pressure on the wall is low or negative, where the
velocity is low (wide lumen) the pressure is high.

tThat is, blanching of the reactive site for three to four hours' contraction and frag-
mentation of the arterioles?. 2 centrifugally developing edematous infiltration, quantitative
and qualitative changes of cellular infllitration.st 32
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SUMMARY

1. In view of present experiments, the immunologic property of anti-
sera to induce passive cutaneous sensitization to guinea pig skin is attributed
to the guinea pig smooth-musele-sensitizing antibody, not conditioned by pres-
ence of precipitins. The human-skin-sensitizing antisera property (of human or
animal origin) is neither related to the muscle-sensitizing property nor re-
sponsible for the induction of passive sensitization of guinea pig skin (PCA).

2. The fixation of antibody responsible for passive cutaneous reaectivity
is dependent upon competitive fixation of reactive antibody gamma globulin
and serum gamma globulin. The ratio of antibody to serum globulin seems
to determine the degree of saturation of the skin receptors with reactive and
nonreactive gamma globulin.

3. The efficacy of antihistamine, heparin, and hydrocortisone to inhibit
passive cutaneous anaphylaxis in guinea pig is limited. Administration of
increased doses does not promote inereased inhibition. Nontoxic doses of
adrenaline are the most effective. The vasoconstricting effect of adrenaline
appears to emphasize the vasodilation as an important partial mechanism
in passive cutaneous anaphylaxis.

4. Passive cutaneous anaphylaxis in the guinea pig is a manifestation
of an interaction between a passively fixed antibody and circulating antigen
simultaneously at all points of sensitivity, It is a vaseular phenomenon with
dominant venous and capillary manifestations, rather than an arteriolar re-
sponse as in Arthus phenomena. This is evidenced by the macroscopic ob-
servations and the microscopic findings in passive cutaneous anaphylaxis.

The authors wish to thank Dr. Walter Brandes, for assistance in the preparation of the
histologic sections, and Dr. Paul Klempner, for advice concerning the pathologie discussion,

REFERENCES

1. Biozzi, G., Mene, G., and Ovary, Z.: IL’Histamin et la Granulopexie de I’Endothélium
Vasculaire, Rev. immunol. 12: 320, 1948.

2. Cited in Referemees 3, 5, and 6 (original articles not available). Biozzi, G., Mene,
G., and Ovary, Z.: Sperimentale, Firenze 99: 352, 1949.

Ovary, Z.: Boll. Soe. ital. biol. sper. 26: 330, 1950.
Biozzi, G., Mene, G., and Ovary, Z.: Policlinico (sez. med.) 51: 1, 1950,
Ovary, Z.: Boll. Soc. ital. biol. sper. 27: 308, 1951,

3. Ovary, Z., and Briot, M.: Nouvelle Méthod de Dosage de I’Anticorps Anaphylactique
et Son Rapport Avee I’Azot de L’Anticorps, Ann. Inst. Pasteur 81: 670, 1951,

4. Heidelberger, M., and Kendall, F. E.: A Quantitative Theory of the Precipitin Re-
action. III. The Reaction Between Crystaline Egg Albumin and Its Homologous
Antibody, J. Exper. Med. 62: 697, 1935.

5. Ovary, Z.: Le Temps Latent Au Cours De L’Anaphylaxie Passive Cutanee Localle Du
Cobaye, Acta allergol, 4: 324, 1951.

6. Ovary, Z., Biozzi, (., and Mene, G.: L’Action De 2786 RP (Neoanthergan) Sur
Anaphylaxie Passive Cutanee Du Cobaye Lors Du Transport Passif, Experientia
7: 151, 1951,

7. Ovary, Z.: Quantitative Studies in Passive Cutaneous Anaphylaxis of the Guinea
Pig, Internat. Arch. Allergy 3: 162, 1952,

8. Ovary, Z., and Bier, O. G.: Quantitative Studies on Passive Cutaneous Anaphylaxis
in the Guinea Pig and Its Relationship to the Arthus Phenomena, J. Immunol.
71: 6, 1953.

9. Biozzi, G.,, Halpern, B. N., and Benacerraf, B.: Conditions Influencing the Local
Fixation of Antibodies in Passive Cutaneous Anaphylaxis of the Guinea Pig,
Acta allergol.,, Supp. IIT, 1953,



}\"'olulll)xe 228 PASSIVE CUTANEOUS ANAPHYLAXIS IN GUINEA PIG 169
umbper

10.
. Fisher, J. P., Middleton, E.,, and Menzel, A. E. O.: Study on Passive Cutaneous

15.
16.

17.

18.
19.
20.
21,
22,

23.

24,
25.
26.
27,

29,

30.
31.

32,

Ovary, Z., and Biozzi, G.: Passive Sensitization of the 8kin of the Guinea Pig With
Human Antibody, Internat. Arch. Allergy 5: 241, 1954.

Anaphylaxis With Serum of Allergic Patients, J. ALLERGY 27: 256, 1956,

. Munoz, J., and Becker, E. L.: Antigen-Antibody Reaction in Agar, J. Immunol. 65:

47, 1950.

. Cooke, R. A., Menzel, A, E. O., Myers, P., Skaggs, J., and Zeman, H.: Spontaneous and

Induced Allergies of the Immediate Type in Man, J. ALLERGY 27: 324, 1956.

. Cooke, R. A., Barnard, J. H., Hebald, 8., and Stull, A.: Serological Evidence of Im-

munity With Co-Existing Sensitization in a Type of Human Allergy, Hay Fever,
J. Exper. Med. 62: 733, 1935.

Weiner, A. S.: A New Test (Blocking Test) for Rh-Sensitization, Proc. Soe. Exper.
Biol. & Med. 56: 173, 1944.

Kuhns, W. J., and Pappenheimer, A. M.: Immunochemical Studies of Antitoxin
Produced in Normal and Allergic Individuals Hyperimmunized With Diphtheria
Toxoid. II. A Comparison Between the Immunological Properties of Precipitating
and Non-Precipitating (Skin Sensitizing) Antitoxins, J, Exper. Med. 95: 375,
1952.

Cooke, R. A., Menzel, A. E. O., Kessler, W. R.,, and Myers, P, A.: The Antibody
Mechanism of Ragweed Allergy; Electrophoretic and Chemical Studies., I. The
Blocking Antibody, J. Exper. Med. 101: 177, 1955.

Freund, J., and MeDermott, K.: Sensitization to Horse Serum by Means of Adjuvants,
Proe. Soc. Exper. Biol. & Med. 45: 548, 1942,

Cooke, R. A.: Allergy in Theory and Practice, Antigenic Fraction of Ragweed Ex-
tract, Philadelphia, 1947, W. B. Saunders Company, pp. 210-215.

Ovary, Z.,, and Bier, G.: Action Empechante Du Serum Normal De Lapin Sur
L’Anaphylaxie Cutanee Passive Du Cobaye, Ann, Inst. Pasteur 84: 443, 1953,
Lecomte, J., and Hugues, J.: Action Inhibitrice De L’Heparin Sur Le Phenomene

D’Arthus, Internat. Arch. Allergy 5: 367, 1955,

Good, R. A., and Thomas, L.: Studies on the Generalized Shwartzman Reaction; Pre-
vention of the Localized and Generalized Shwartzman Reactions With Heparin,
J. Exper. Med. 97: 871, 1953.

Erich, W. E., and Glick, D.: TImmunity and Hypersensitivity; Relation to Disease in
Man, Report of the Ninth M, and R. Pediatric Research Conference, Oct. 30-31,
1953, Columbus, Ohio, 1955, M. and R. Laboratories,

Lefeoe, N. M.: Effect of Hydrocortisone Hemisuceinate on Tracheal Smooth Muscle
of the Guinea Pig and Cat, J. ALLERGY 27: 352, 1956,

Bier, O. G., and Siguiera, M.: Passive Reversed Cutaneous Anaphylaxis to Protein
Antigens, Internat. Arch. Allergy 6: 391, 1955.

Ewald, P. P., Poschl, T, and Pradet, L.: The Physics of Solids and Fluids, London
and Glasgow, 1930, Blackie and Son, Ltd.

Abell, R. G., and Schenck, H. P.: Microscopic Observations on the Behavior of Living
Blood Vessels of the Rabbit During the Reaction of Anaphylaxis, J. Immunol.
34: 195, 1938.

. Benacerraf, B., and Kabat, E. A.: A Quantitative Study of the Arthus Phenomenon

Induced Passively in the Guinea Pig, J. Immunol. 64: 1, 1950.

Lecomte, J., and Hugues, J.: Sur le reaction anaphylactic de vaisseaux mesenterique
du lapin, Internat. Arch. Allergy 8: 72, 1955.

Lecomte, J.: Reaction Anaphylactique in vivo des vaisseaux mesenterique du cobay,
Acta allergol. 10: 15, 1956,

Irwin, J. W., Weille, ¥. L., and Burrage, W. 8.: Small Blood Vessels During Allergic
Reactions, Ann. Otol.,, Rhin. & Laryng. 64: 1164, 1955.

Gell, P. G., and Hinde, I. T.: Observations on the Histology of the Arthus Reaction
and Tts Relation to Other Known Types of Skin Hypersensitivity, Internat. Areh.
Allergy 5: 23, 1954,

Miescher, G.: Histologie der Allergischen Reactionen, 1st International Congress for
Allergy, Zurich, 1951, Basel and New York, 1952, 8, Karger.



