
Reports 

Production of Anaphylaxis in 
the White Mouse with Soluble 
Antigen-Antibody Complexes 

Definitive information on anaphylaxis 
is still lacking with respect to the tissue 
sites at which the causative antigen and 
antibody interact and the mechanism by 
which antigen-antibody interaction leads 
to shock. 

Germuth and McKinnon (1) have re- 
cently made the important observation 
that soluble complexes of antigen and 
precipitating antibody produce immedi- 
ate anaphylactic shock in the guinea pig. 
This anaphylactigenic action of soluble 
antigen-antibody complexes is compati- 
ble with the earlier observation that ana- 
phylaxis can be produced with "univa- 
lent" antibody which forms only soluble 
complexes with antigen (2, p. 97). The 
findings of Burdon (3) that severe pas- 
sive anaphylaxis in mice could only be 
produced by intravenous challenge with 
antigen when antibody was still abundant 
in the blood or by the intravenous injec- 
tion of "suitably proportioned" antigen- 
antibody mixtures may have depended 
on the anaphylactigenic action of solu- 
ble antigen-antibody complexes. Since 
the use of soluble antigen-antibody com- 
plexes presents a new approach for in- 
vestigating the mechanism of anaphy- 
laxis, it appeared desirable to study the 
action of these complexes in the mouse, 
in which the course of anaphylaxis dif- 
fers from that observed in the guinea 
pig (4). 

The mice used were of mixed sexes of 
a white Swiss strain. They were from 6 
to 9 weeks old and ranged from 22 to 
27 g in weight. The antigen employed 
was crystalline bovine serum albumin 
(BSA) dissolved in physiological saline 
(5). The heat-inactivated rabbit anti- 
serum that was used contained 2.32 mg 
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of antibody N per milliliter (6). It 
was produced by the method of Freund 
(7) from heat-killed bacillus Calmette- 
Guerin. 

The first method used to prepare 
soluble antigen-antibody complex was to 
add antiserum to excess antigen. The 
quantity of antigen used was eight times 
the amount determined to be present in 
a precipitate formed in the zone of 
equivalence. The antigen-antibody mix- 
tures were incubated at 37?C for 20 
minutes and cleared by centrifugation. 
The second method of preparing soluble 
antigen-antibody complex was that of 
using excess antigen to dissolve a pre- 
cipitate obtained in the zone of equiva- 
lence. The precipitate was washed four 
times in physiological saline at 4?C, and 
a concentrated solution of antigen was 
added, containing a total amount of 
antigen equal to ten times that present 
in the precipitate. This mixture was 
agitated and incubated for 40 minutes at 
45?C and centrifuged to remove the 
small amount of undissolved precipitate. 
All preparations were injected into the 
tail veins of mice in a volume of 0.4 ml. 
In the first experiment, a dose of soluble 
complex prepared by the first method 
and containing 0.6 mg of antibody N, 
produced anaphylactic death in 15 of 16 
mice. A dose of soluble complex pre- 
pared from a precipitate by the second 
method and containing 0.48 mg of anti- 
body N produced anaphylactic death in 
10 of 16 mice. Control preparations 
were: BSA in normal serum, anti-BSA 
serum, bovine gamma globulin (5) in 
anti-BSA rabbit serum, BSA alone, and 
supernatant fluids from mixtures of anti- 
gen and antibody in the zone of equiva- 
lence. The number of animals in the 
groups given 'the control preparations 
varied from 6 to 13. 

Whereas animals of both test groups 
reacted uniformly, with typical severe 
anaphylaxis (8) within 2 to 5 minutes 
and deaths occurred in from 15 to 35 
minutes, the animals that received con- 
trol preparations were not affected. Al- 
though the lower mortality in the mice 
which received the complex prepared 
from washed BSA-anti-BSA precipitate 
was presumably due to the lower dose of 
complex given these animals, an alterna- 
tive possibility is that the antigen-anti- 
body aggregates derived from washed 

precipitates were larger (9) and less ana- 
phylactigenic. 

In the next experiment mice were 
injected intraperitoneally with 0.1 ml 
of Hemophilus pertussis vaccine (10) 
(48.8 x 109/ml in 1: 10,000 merthiolate) 
5 days before challenge with antigen- 
antibody complex. Whereas the injection 
of a dose of soluble complex prepared 
by the first method and containing 0.12 
mg of antibody N, caused anaphylactic 
death in 18 of 18 pertussis-vaccinated 
animals, only 5 of 18 nonvaccinated ani- 
mals died. This marked increase in the 
susceptibility of the pertussis-vaccinated 
mice to shock with the complex is simi- 
lar to observations which have been 
made in pertussis-vaccinated mice sensi- 
tized actively (11) and passively (12) 
and shocked with antigen in the usual 
manner. 

Because it is unlikely that the antigen- 
antibody complexes used underwent sig- 
nificant dissociation in vivo (1, 13), ana- 
phylaxis was presumably caused by solu- 
ble antigen-antibody complexes acting 
either within the circulating blood or in 
surrounding tissues into which they may 
have diffused. 

Since it is probable that soluble anti- 
gen-antibody complexes formed by either 
nonprecipitating or precipitating anti- 
body in the region of antigen excess con- 
sist principally of aggregates of two or 
three molecules (14), the size of the ag- 
gregates may not be sufficient to prevent, 
or perhaps even markedly retard, their 
passage to extravascular sites (15). The 
observation that anaphylaxis produced 
with soluble antigen-antibody complexes 
was typical in all respects suggests that 
the site of antigen-antibody action and 
ensuing events leading to anaphylaxis are 
the same regardless of whether shock is 
induced in the usual manner by injection 
of antigen or by the injection of soluble 
preformed antigen-antibody complexes. 

The results reported here do not sup- 
port or refute the suggestion of Benacer- 
raf and Kabat (2, p. 517) that the "time- 
consuming reaction" responsible for the 
incubation period necessary for maxi- 
mum sensitization to passive anaphylaxis 
in the guinea pig represents the time nec- 
essary for the fixation of antibody to 
cells, for there is no evidence to pre- 
clude the possibility that the antigen- 
antibody complex itself must "fix" to 
cells in order to produce shock. Neither 
do the present results justify any change 
in the common opinion that the speed 
and severity of shock are determined by 
the rate at which antigen reaches "fixed 
antibody"; for the rate at which pre- 
formed soluble antigen-antibody complex 
reaches the sites where antigen-antibody 
injury is produced may likewise deter- 
mine the speed and severity of the re- 
sulting shock. Indeed, the amount of 
the antigen-antibody complex at "injury 
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sites" and the speed with which it ac- 
cumulates at such sites, regardless of 
whether it forms in situ or arrives pre- 
formed, may be the principal determi- 
nants of shock. The concept that the pri- 
mary action of the soluble antigen-anti- 
body complex is at extravascular sites 
and involves complement is compatible 
with the proposition that anaphylaxis in 
the mouse results from the rapid release 
of shock "mediators" from tissue mast 
cells (16). 

In summary, it should be emphasized 
that much additional evidence will be 
necessary to establish the site at which 
primary cell injury is produced by the 
action of antigen-antibody complexes 
and the ensuing events which lead to 
anaphylaxis. 
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Production of Injury to Feline 
Central Nervous System with 
Nucleic Acid Antimetabolite 

Biochemical and autoradiographic in- 
vestigations in this laboratory have shown 
that neurons and glia within the mature 
mammalian neuraxis actively incorporate 
C14-labeled adenine and orotic acid into 
pentose nucleic acid (1). It appears 
likely that this is related to the turnover 
of protein which occurs in nerve cells 
(1, 2) and glia (1). 
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Production of Injury to Feline 
Central Nervous System with 
Nucleic Acid Antimetabolite 

Biochemical and autoradiographic in- 
vestigations in this laboratory have shown 
that neurons and glia within the mature 
mammalian neuraxis actively incorporate 
C14-labeled adenine and orotic acid into 
pentose nucleic acid (1). It appears 
likely that this is related to the turnover 
of protein which occurs in nerve cells 
(1, 2) and glia (1). 

In order to test this hypothesis and to 
investigate the function of pentose nu- 
cleic acid in the central nervous system, 
we have attempted to interfere with pen- 
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tose nucleic acid turnover by the use of 
nucleic acid antimetabolites. These sub- 
stances, administered orally and paren- 
terally, have been employed extensively 
in animal experimentation and in the 
treatment of neoplasms and blood dys- 
crasias in man. Acute and transient dis- 
turbances such as ataxia, weakness, and 
convulsions have occurred when massive 
doses are given to animals (3), but no 
delayed and lasting neurological symp- 
toms have been reported. It is possible 
that the blood-brain barrier protects the 
central nervous system from these anti- 
metabolites. In the present study this ob- 
stacle was circumvented by the expedi- 
ent of injecting the antimetabolites into 
the subarachnoid space. In the course of 
this investigation, a pyrimidine antime- 
tabolite was found to produce a consist- 
ent and striking neurological syndrome 
in cats. This, together with preliminary 
neuropathological and histometabolic ob- 
servations, constitutes the subject of this 
report. 

A fluorinated pyrimidine, 5-fluoroorotic 
acid (4), was used because of the pre- 
viously demonstrated incorporation of 
orotic acid into pentose nucleic acid in 
the feline neuraxis (1). The biological 
activity and tumor-inhibitory properties 
of this substance have been described by 
Heidelberger et al. (5). 5-Fluoroorotic 
acid or its sodium salt (20 to 30 mg/ml 
in water; because of its poor solubility, 
it is used as a supersaturated solution 
which is heated and cooled to body tem- 
perature at time of injection) in a single 
dose of 3 to 10 mg is administered by in- 
tracisternal injection to cats anesthetized 
with pentobarbital sodium or ether. In 
some animals a second injection is given 
about 1 week after the first, to make a 
total dose of 5 to 15 mg. 

Following an initial symptom-free pe- 
riod of 5 to 10 days, the cats undergo a 
change in behavior. They become some- 
what sluggish and inactive. Within sev- 
eral days an unsteadiness in walking be- 
comes apparent. This rapidly progresses 
and becomes a severe ataxia involving 
the trunk and extremities. There is no 
gross paralysis, but all movements are 
marred by typical cerebellar oscillations. 
Animals walk with a lurching, reeling 
gait. In advanced stages of this condi- 
tion they are so helpless that they are 
unable to eat or move about. Polypnea 
is frequently present, and nystagmus is 
occasionally seen, particularly on rapid 
head movement. At times, twitchings of 
the face and vibrissae appear which re- 
semble the fasciculations of motor neu- 
ron disease; these are abolished by pen- 
tobarbital anesthesia. Tonic and clonic 
convulsive movements have been noted 
preterminally in several immature cats. 
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No attempt has been made, thus far, 
to nurse animals beyond the tenth day 
of overt illness; two animals died of this 
illness, probably because of respiratory 
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Fig. 1. Cerebellar cortex from a cat with 
severe cerebellar ataxia produced by the 
intracisternal injection of 5-fluoroorotic 
acid 17 days before sacrifice. Note the per- 
inuclear depletion of basophilic substance, 
only a peripheral rim persisting in the 
cytoplasm of the Purkinje neurons (P). 
(Gallocyanin chromalum stain) (about 
x 360). 

or bulbar involvement, but the remain- 
der were killed. No evidence of hemato- 
logic or gastrointestinal involvement was 
noted. This contrasts with the reported 
results of oral and parenteral adminis- 
tration of nucleic acid antimetabolites, 
where these systems are involved (3). In 
control studies, orotic acid had no dele- 
terious effect when given in doses similar 
in amount. Neurological symptoms were 
not observed when the drug was given 
in large doses by intraperitoneal injec- 
tion. 

Histological examination of the brain 
and spinal cord of these animals has not 
been completed. However, a striking 
lesion has been found in the cerebellum 
in all of six brains examined to date. In 
routine Nissl- and hematoxylin-eosin- 
stained sections, most of the Purkinje 
neurons of the cerebellar cortex revealed 
advanced central chromatolysis (Fig. 1). 
Thus the severe cerebellar deficit ex- 
hibited by these animals can be ascribed 
to Purkinje cell damage. Occasional neu- 
rons of the brain stem and spinal cord 
showed similar though less marked al- 
terations. This may account for the other 
neurological symptoms noted, such as 
polypnea and convulsions. 

Studies have been completed on two 
fluoroorotic acid treated cats which were 
given L-methionine-S35 in doses of 100 
Ltc (specific activity 10 to 14 [tc/mg) 4 
hours before sacrifice. Autoradiographs 
prepared from formalin-fixed, acid- and 
lipid-extracted tissue sections of brain 
and spinal cord (1) showed marked re- 
duction in the radioactivity of neurons 
and glia by comparison with untreated 
animals. However, the intracisternal 
route of injection may not give quan- 
titatively reproducible results, and only 
tentative conclusions can be drawn from 
this evidence alone. The spinal ganglion 
neurons in these preparations, on the 
other hand, exhibited a relatively nor- 
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