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The mechanism of passive cutaneous ana-
phylaxis (PCA) in the rat has long been a
subject of controversy, particularly with re-
gard to the possible roles of mediators such
as histamine, serotonin and complement (C').
Thus Ovary(1) reported that an antihista-
mine, mepyramine, suppressed the reaction to
heterologous precipitating antibody. Other
investigators, however, showed that these re-
actions produced no mast cell damage(2).
Furthermore, the response could not be in-
hibited by prior depletion of histamine and
serotonin with compound 48/80 or by pre-
treatment with antihistamines and the sero-
tonin antagonist BOL-148(3,4). Bier ef al
(5) and Osler and co-workers(6) reported a
positive correlation between the intensity of
the cutaneous reaction and the levels of cir-
culating C’; yet Bloch ef al(7) have shown
that both non-C’-fixing guinea pig y: and
C’-fixing y, antibody can sensitize the rat for
PCA.

Polymorphonuclear (PMN) leukocytes
had been observed in the lesions of PCA but
were generally dismissed as unlikely to have
a primary role in the reaction in either the
guinea pig(8) or the rat(l). Brocklehurst
and colleagues(3), however, had demon-
strated that the amounts of heterologous anti-
body required to produce an Arthus reaction
in the rat were not a great deal larger than
those used to produce PCA and suggested

* Supported by Ontaric Heart Foundation and
Medical Research Council of Canada (MT-1251).

that the two reactions might share a com-
mon pathogenetic mechanism. The Arthus re-
action is mediated primarily by PMN-leuko-
cytes, since the phenomenon cannot be elic-
ited in leukopenic rabbits(9,10).

The recent description by Mota and others
(11,12,13,14) of a heat-labile homologous,
“mast cell-sensitizing” or “anaphylactic”
antibody, capable of sensitizing the rat for
PCA, has opened up new paths for investiga-
tion. In view of the marked differences be-
tween this antibody and hyperimmune anti-
body, as described by Binaghi e al(14), it
seems possible that two more or less distinct
mechanisms are involved in the production
of the PCA lesion in the rat, the operative
mechanism being dependent on the type of
antibody used for sensitization. The present
study investigates the PCA induced in the
rat with hyperimmune antibody, either heter-
ologous or homologous.

Materials and methods. Male Lewis rats
(Microbiological ~Associates) were used
throughout the study. Rats weighing 500-
800 g were hyperimmunized with ferritin
(Pentex, Kankakee, TIl.), using complete
Freund’s adjuvant. The ferritin had been
dialyzed against several changes of phosphate
buffered saline to remove cadmium. Four mg
of antigen was given into the foot pads and
intramuscularly in the gluteal region. The
sera were collected at 4 weeks, pooled, and
antibody nitrogen (AbN) was determined by
the Kjeldahl method. Anti-ferritin was also
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TABLE I. Total White Count and Differential
Counts in Normal Lewis Rats and in Rats Treated
with Rabbit Anti-Rat Leukocyte Serum.

Normal* Leukopenic*
Total WBC 11,600 1,900
Neutrophils 16.0% 1.3%
Eosinophils =3.0% <1.0%,
Basophils =1.0% <1.0%
Monocytes 6.5% 4.5%
Lymphocytes 78.0% 94.0%

* Based on the means of the normal and in-
tensely leukopenic rats listed in Table II.

prepared in rabbits by injecting 2.5-3 kg
rabbits with 25-30 mg ferritin. Most of the
ferritin was injected with complete Freund’s
adjuvant into the foot pads, intramuscularly
and subcutaneously. About 5 mg ferritin was
given without adjuvant intravenously. The
rabbits were bled 6 and 8 weeks after the in-
jection of antigen and the AbN determined
as in rats. The anti-ferritin level in rats was
0.06-0.15 mg N/ml and in rabbits 0.8-2 mg
N/ml of serum.

Rabbit anti-rat leukocyte serum was pre-
pared by injecting rat peritoneal leukocytes
with complete Freund’s adjuvant intramuscu-
larly into 2 kg albino rabbits. A booster was
given at 2 weeks and the rabbits were bled
at 4 weeks. The serum was sterilized by
Seitz filtration, biological activity and dose
being determined i# vivo by injecting various
doses intraperitoneally and/or intravenously
into rats weighing between 150-200 g. Total
white cell counts (WBC) and differentials
were done at intervals up to 24 hours after
injection. Some individual variation was ob-
served, but in general a good depletion could
be obtained by injecting 1 ml of the anti-
leukocyte serum intraperitoneally, followed
20 hours later with 0.5 ml intravenously (Ta-
ble I). Penicillin and streptomycin (0.2 ml
Strep-Combiotic, Pfizer) were given intra-
muscularly at time of the first injection. Ani-
mals used for PCA were challenged at least
3 hours after the second injection of anti-
leukocyte serum since C’ determinations had
shown that C’, after an initial sharp drop,
returned to normal levels by 3 hours post-
injection.

Rats (150-200 g) were injected intracu-
taneously with 0.1 ml rabbit anti-ferritin (60
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and 6 pg N) and rat anti-ferritin (6 pg N)
at three sites on the shaved dorsal surface.
Two control sites on each animal received 0.1
ml of normal rat serum and normal rabbit
serum, respectively. One and one-half to 2
hours after sensitization, animals were chal-
lenged intravenously with ferritin (50 mg/
100 g body weight) and 0.5 ml of 0.5%
Evans blue in saline. One hour after chal-
lenge the animals were killed, the skin was
reflected and 2 diameters of each lesion were
measured on the inner skin surface. Intensity
of the bluing response was recorded on an
arbitrary scale of 0 to 4.

In one experiment, normal rats, leukopenic
rats and rats treated with 3 mg/kg mepyra-
mine maleate (Neo-Antergan, Poulenc) and
2 mg/kg BOL-148 (Sandoz) 30 minutes be-
fore challenge were tested as described.
Blood for a final white cell count was taken
from all “leukopenic” rats immediately be-
fore challenge.

In another experiment, sensitized normal
animals were challenged at intervals of 15
minutes, 1, 2, 3, 4, 5, 6, and 24 hours after
sensitization, in order to determine the length
of the latent period and the persistence of the
response.

Tissue was excised from the lesions of nor-
mal and leukopenic rats at various times (2
minutes-1 hour) after challenge, fixed in
Zenker’s fixative or a mixture of osmium tet-
roxide and Tyrode solution, embedded in
methacrylate or epoxy resin, respectively,
and sectioned for examination by light and
electron microscopy.

C’-depletion was attempted as described by
Ward and Cochrane(15), using carrageenin
or aggregated human gamma globulin or by
intravenous injection of washed antigen-anti-
body precipitates(6).

White counts, differentials, and C’ levels
were followed at intervals from 5 minutes to
24 hours after injections.

Results. Attempts to lower the C’ level of
rats without lowering the leukocyte count
were unsuccessful and were abandoned.

Animals challenged as early as 15 minutes
after sensitization exhibited strong reactions
at all test sites. Sharply circumscribed, 4-}
reactions were obtained as long as 5 hours
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TABLE II. PCA Reactions in the Rat to Homologous and Heterologous Anti-Ferritin.

Rabbit antiserum

Rabbit antiserum Rat antiserum

WBC 60 ug N 6 ug N 6ug N
Group  (X10%/mm?®) Diameter Intensity Diameter Intensity Diameter Intensity
Normals 11.5 14.5 +4++ 12.5 +++ 11.5 ++4+
10.0 13.5 ++4 14.0 +++ 10.0 ++
9.5 17.0 44 12.0 4+ 9.5 +4+
10.0 16.5 ++4++ 12.5 +++ 10.0 +
10.3 15.5 ++++ 15.0 ++++ 10.0 +4++
12.0 17.0 ++++ 13.5 +++ 12.0 +4+4
14.5 16.0 +++ 13.5 +++ 14.5 ++
Mepyramine  13.5 170 ++++ 13.5 +++ 10.5 +
& BOL-148  13.2 16.5 ++++ 13.0 +++ 9.0 ++
13.0 15.5 ++++ 13.0 ++ 11.0 +
12.5 14.5 +4++ 12.5 ++ 12.5 ++
13.8 165  +4+4+ 130  +4+-++ 12.5 +4++
Partially 3.3 <5 + <5 +/— <5 +/—
leukopenie 3.0 <5 + <5 + <5 +
4.3 <5 + <5 <5 +
6.5 6.5 + <5 <5 +/—
Leukopenic 14 5 +/— 0 0 0 0
2.4 0 0 0 0 0 0
1.1 0 0 0 0 0 0
2.6 0 0 0 0 0 0
2.3 0 0 0 0 0 0
2.4 0 0 0 0 0 0
2.2 0 0 0 0 0 0
1.2 <5 +/— <5 +/— <5 +/—

Intervals between intracutaneous injeetion of serum and challenge with antigen and Evans

blue was 1.5-2 hr.

Diameter of the lesions is expressed in mm; intensity on an arbitrary scale 0-4--.
Control sites injected with normal rabbit and normal rat serum showed no reactions.

after sensitization, but challenge at 6 hours
produced only 2 to 3--, rather diffuse reac-
tions. At 24 hours all sites were negative.
Control sites showed no bluing, and there
was only a slight difference between reactions
with rabbit antibody and those produced
with the same concentration of rat antibody.

The results of suppression experiments are
shown in Table II. Marked suppression of
the bluing response was observed in both se-
verely leukopenic and partially leukopenic
rats but not in rats pretreated with antihista-
mine and antiserotonin (BOL-148). The ef-
fect of the anti-leukocyte serum on the dif-
ferential count is shown in Table I. There
was marked suppression of neutrophils and a
slight effect on monocytes. The effect on
eosinophils and basophils could not be as-
sessed because of the low values found in nor-
mal rats. The antiserum had no effect on
red cells and platelets. Using neat rat serum
and 1:10 dilution in saline, a center to center
distance of 1 cm, a diffusion time of up to 48
hours at room temperature and volumes of

0.1 ml, no reaction between the anti-leuko-
cyte serum and rat serum could be detected
by double diffusion:

In normal rats emigration of leukocytes
was observed in biopsies taken 2 minutes
after challenge with antigen. At 15 minutes
after challenge there was marked leukocytic
infiltration in the walls of vessels and in the
surrounding connective tissue. No such
changes were noted in the leukopenic rats.
A few leukocytes were present in the tissue
before challenge with antigen. Mast cell dam-
age was observed only in late (1 hour) le-
sions, where mast cells in the vicinity of mas-
sive accumulations of PMN-leukocytes ap-
peared to have released their granules into
the surrounding tissues or showed signs of
lysis. With the electron microscope it was
seen that many of the PMN-leukocytes had
phagocytosed material which could be iden-
tified as ferritin-anti-ferritin complexes.
Many of these PMN-leukocytes appeared to
be in the process of releasing their granules

(Fig. 1).
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Discussion. It has been stated(1) that a existed, appeared to be shorter than 15 min-
latent period is necessary between sensitiza- utes. It seems rather doubtful, therefore,
tion and challenge for the production of that “fixation” of the antibody to tissues is
PCA. In our study the latent period, if it necessary for the reaction induced in the rat

FIG. 1. Rat PMN-leukocyte from 5-minute PCA produced with 6 ug N of rabbit anti-ferritin,
There are numerous precipitates (ppt) of ferritin-anti-ferritin in phagocytic vacuoles (vac) in the
cytoplasm of the leukocyte. The cell shows signs of lysis with release of both granules (gr) and
immune precipitates. X 30,000.
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with hyperimmune antibody. Histological
sections showed that degranulation of mast
cells, as Mota reported(2), was minimal, ex-
cept in late (1 hour) lesions. Furthermore,
pretreatment of the animals with antihista-
mine and antiserotonin did not suppress the
reaction. Leukopenia, on the other hand, pro-
duced virtually total suppression and even
partial leukopenia was associated with a
marked suppressive effect. Attempts to trans-
fer cells passively were made in another ex-
periment, but it was found that injection of
peritoneal leukocytes causes only a very tem-
porary increase of these cells in the circula-
tion and attempts to try to produce PCA le-
sions in such animals were therefore aban-
doned.

It appears probable from our studies that
the primary event in the PCA reaction in-
duced in the rat with hyperimmune antibody
is the combination of antigen with antibody
to form micro-precipitates, which are then
phagocytosed by PMN-leukocytes. Similar
ultrastructural changes have been observed in
PCA of the guinea pig with much smaller
amounts of sensitizing antibody(16). It has
also been shown that phagocytosing PMN-
leukocytes release a substance (probably ly-
sosomal contents) capable of increasing vas-
cular permeability (17).

Boyden(18) and Ward et al(19) have
shown that the binding of C’ to antigen-
antibody precipitates i vitro releases a chem-
otactic factor. One could postulate that
such a factor released in vivo attracts the
PMN-leukocytes to phagocytose the micro-
precipitates. Enhancement of the reaction by
added C’(6) could then be explained as an
increased release of the chemotactic sub-
stance, with a resulting increase in chemo-
taxis and in the speed and efficiency of
phagocytosis. On the other hand, “decom-
plementation” may have an opposite effect,
i.e., there may be a decreased attraction of
PMN-leukocytes to the immune precipitates
formed in the skin due to a lack of serum C’
and the concomitant lack of the C’5-C’6 com-
plex of Ward et al(19). In view of the fact
that injection of anti-leukocyte serum caused
a drop in serum C’ and that C’ levels could
be estimated only in a pilot study and not in
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the animals used for PCA, partial “decom-
plementation” could not be excluded in our
study. However, in another experiment sup-
pression of PCA by leukopenia in the guinea
pig was demonstrated when either anti-leuko-
cyte serum or nitrogen mustard was used to
elicit leukopenia(16). Nitrogen mustard does
not cause a fall in complement, but unfortu-
nately it could not be used in the rat for
technical reasons.

The question of side effects from the anti-
leukocyte serum cannot be answered fully.
After the first injection of the anti-leukocyte
serum, the rats were in mild to moderate
shock, but they tolerated the second injection
much better and were clinically normal when
sensitized and challenged for PCA. Some evi-
dence was obtained from another study that
shock has no effect on the skin reaction. The
injection of an anti-platelet antibody (ad-
sorbed with PMN-leukocytes) causes a de-
pletion of platelets and a degree of shock
similar to that obtained with the anti-leuko-
cyte serum, but has no effect on the bluing
obtained when antiserum is injected intra-
cutaneously simultaneously with intravenous
antigen and Evans blue(20). The anti-leuko-
cyte serum did not precipitate rat serum
when tested by immuno-diffusion. In respect
to the possible effect of leukopenia on tissue
“fixation” of antibody, we have evidence that
rat “anaphylactic” or “mast cell sensitizing”
antibody(11,12,13,14) when injected into
leukopenic rats was readily fixed(21,22). The
PCA was not inhibited in such animals, but
was readily suppressed by treatment with
antihistamine and antiserotonin.

Summary. The PCA reaction induced in
rats with hyperimmune antibody, whether
homologous or heterologous, was suppressed
in leukopenic and partially leukopenic ani-
mals but was not suppressed by pretreatment
of the animals with antihistamine and anti-
serotonin. Mast cells did not appear to be
primarily involved in the reaction. Ultra-
structural observations showed that PMN-
leukocytes in the lesions had phagocytosed
micro-precipitates of antigen and antibody
and subsequently degranulated. Based on
these observations, it is suggested that PCA
produced with hyperimmune antibody in the
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rat is mediated by release of lysosomal mate-
rial from PMN-leukocytes.
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The defenses of the host against malignant
invasion are at present ill-defined, but in-
clude reactive or immune counter measures
by leukocytes. The qualitative and quantita-
tive aspects of this relationship require fur-
ther definition. The amount of tumor pre-
sented in an artificial situation such as trans-
plantation does not necessarily reflect the
natural circumstance, but host response can
be evaluated thereby.

Ehrlich ascites tumor (EAT) has been
shown to be a successful invader of many
mouse strains; it appears to possess foreign
antigenicity, since previously immunized mice
will reject otherwise tumor-producing doses.
Furthermore, McCarthy has shown that C;H

* Work supported in part by the Damon Runyon
Fund Grant 868.

mice with intraperitoneally growing EAT
will accept foreign skin grafts, which are re-
tained until the death of the animal(1).
Thus, the acceptance of the neoplasm re-
sulted in an “acceptance” of the homo-
grafted skin, an outcome known to be de-
pendent at least in part on lymphocytic func-
tions.

The peritoneal cavity may be a rather
specialized site for tumor cell growth. Not
only are the structural, nutritional, and
transport aspects somewhat unique, but the
free and close contact between invading tu-
mor cell and resisting leukocyte may allow
an evaluation of factors, mechanical or bio-
logical, determining neoplastic invasion(2,3).
Old et al have reported on their interest in
the leukocyte/tumor cell ratio in the inva-



