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Suppressive Effect of Anti-Allergic Mediators on Experimental 
Encephalomyelitis.+ (31820) 

HELENE C. RAUCH AND OSCAR L. FRICK~ (Introduced by S. Raffel) 
Department of Medical Microbiology, Stanford University School of Medicine, Stanford, Calif. 

Experimental allergic encephalomyelitis 
(EAE) is an autoimmune response induced 
in animals and man by the injection of cen- 
tral nerve tissue, or a basic protein extracted 
from central nerve myelin, most often in 
combination with Freund's adjuvant con- 
taining tubercle bacilli ( 1 ). After approxi- 
mately 2 weeks, clinical symptoms including 
weight loss, paresis, incontinence and ascend- 
ing paralysis follow the development of cen- 
tral nervous system lesions essentially marked 
by perivascular lymphocytic cuffing. The 
immune mechanism is a cellular response, 
passive transfers having been accomplished 
successfully only with viable lymphocytes in 
immunologically receptive animals (2-5) .  

However, the role of antibody, either pro- 
duced or transported by infiltrating cells, has 
not been excluded from an inducing role or, 
at  the least, as an enhancing factor(6). In 
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the event that whole tissue is used to 
induce disease, antibodies to non-myelin brain 
tissue or vascular elements may possibly initi- 
ate a local inflammatory response. Increased 
vascular permeability, due to released medi- 
ators, may facilitate the infiltration of myelin- 
sensitized lymphocytes. Myelin antibody 
might also enhance tissue damage by infil- 
trating the parenchyma following the lym- 
phocytic perivascular invasion. At any rate, 
if a local antigen-antibody reaction does in- 
fluence the course of EAE, then pharmaco- 
logic mediators may also be involved. Hista- 
mine and serotonin ( 7,8), perhaps the best 
characterized mediators of hypersensitivity , 
have consequently been investigated for their 
effect on the occurrence and severity of EAE. 

Although anti-histiminic agents, which 
compete with histamine for active cellular 
sites, have been found ineffective in EAE 
(9-11), it was of interest to study the effect 
of depletion of available histamine which has 
recently been shown to occur in guinea pigs 
treated with repeated doses of anaphylatoxin. 
This treatment renders these animals refrac- 
tory to passive anaphylactic shock for about 
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3 weeks ( 12). Furthermore, recent studies by 
O’Brien et aZ(13) have elaborated on the 
role of lysergic acid diethylamide (LSD), 
primarily a serotonin antagonist, in reducing 
the clinical and histologic severity of E A E  
in guinea pigs. 

The effect of LSD has been included 
in this report in order to compare its activ- 
ity with that of a substituted derivative San- 
sert (methysergide maleate, Sandoz) and to 
record acceleration or suppression of disease 
after termination of drug administration. 
Both rats and guinea pigs have been included 
since anaphylaxis may be mediated primarily 
by serotonin or histamine respectively in 
these species( 7,8,14). 

Materials and methods. Preparation of 
anaphylutoxin. Pooled sera from rats of 
various strains were incubated with dextran 
(Pharmacia, mol wt 250,000) at 37°C for 2 
hours (50 mgJm1). The insoluble dextran 
was then removed by centrifugation. One ml 
of the supernatant rat serum, when injected 
intravenously into a normal guinea pig, 
caused death by “anaphylactoid” shock with- 
in minutes in 6 test animals. Dextran-treated 
rat serum will be referred to as “anaphyla- 
toxin.” 

Anaphylatoxin-treated guinea pigs. Two 
groups of 12 guinea pigs (450-650 g) were 
given increasing doses of anaphylatoxin in- 
travenously 2 or 3 times daily for 7 or 10 
days. The serum dose ranged from 0.3 ml 
to 1 ml per injection. Two groups of 6 
control animals each received identical doses 
for 5 days of the same rat serum pool which 
had not been incubated with dextran. Longer 
treatment with normal serum was impractical 
because of the development of anaphylactic 
symptoms. Five days after initiating ana- 
phylatoxin treatment, all animals received 
bovine spinal cord KCI extract$ 0.5 rng and 
BCG 0.5 mg in Freund’s (Difco) adjuvant 
in 0.1 ml volume intradermally. Between the 
sixth and ninth day after initiation of treat- 
ment, the anaphylatoxin-treated groups were 
passively sensitized intravenously with rab- 
bit anti-egg albumin sera (50 pg antibody 

$Prepared by Dr. Elizabeth Einstein, Dept. od 
Neunology, Univ. of Cdifornia Medical Center, San 
Frmicko. 

nitrogen) and challenged 24 hours later with 
1 mg of egg albumin intravenously. Three 
animals died of anaphylaxis ; the remaining 
animals failed to react and were consequently 
presumed to be depleted of endogenous hista- 
mine. 

All animals were observed daily for signs 
of disease (weakness, paralysis or weight loss) 
until the 35th day, after which the survivors 
were sacrificed. The brains of all animals 
autopsied at the onset of disease or at  the end 
of the experiment were fixed in formalin and 
stained with both hematoxylin-eosin, and 
luxol fast blue for observation of demyelina- 
tion. Three slides of each brain were exam- 
ined initially; if the specimen was negative, 
an additional 10 sections were prepared and 
examined for lesions of encephalomyelitis. 

Drug-treated guinea pigs. Guinea pigs (400 
to 600 g) were divided into 3 groups of 9 
animals each. The first group was given daily 
injections of LSD. The second group received 
daily injections of Sansert, and the last group 
was untreated. Drug administration com- 
menced 3 days prior to injection of the spinal 
cord preparation and continued for 310 days. 
Drugs were given in a dose of 0.1 mg/g 
body weight. The drug-treated animals were 
held for an additional 30 days with no fur- 
ther treatment. The control animals were 
sacrificed after the initial 3Q-day period. For 
the induction of encephalomyelitis, animals 
were injected subcutaneously on the back 
with 0.7 ml of 33% (weight/volume) normal 
guinea pig cord homogenized in 0.25% 
phenol/water mixed with an equal volume 
of oil- tubercle (bacillus-aquaphor mixture (9 
parts oil containing 3.7 mg BCG per ml, 
plus one part aquaphor). This mixture was 
held a t  60°C. At the time of appearance 
of distinct clinical symptoms or a t  termina- 
tion of the experiment, the brains of all ani- 
mals were examined histologically. 

Drug treatment of rats. Wistar rats (150 
to 300 g) were divided into 3 groups con- 
taining 10 animals each. The 2 drug groups 
(LSD or Sansert) were injected daily with 
0.1 mg/g of drug subcutaneously. The third 
group served as controls. Treatment with 
drugs began 4 days prior to injection of 
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TABLE I. Effect of Anaphylatoxin on Devel- 
opment of Experimental Allergic Encephalomye- 

litis in Guinea Pigs. 
~~ 

Clinical Histologic 
Group disease lesions 

Control 10/12* 11/11 t 
Anaphylatoxin 16/19 17/17t 

* Number reacting animals over number in group 

t Three animals were unavailable for histologic 
within 30-day period of experiment. 

examination. 

TABLE 11. Effect of Drug Treatment on Devel- 
opment of Experimental Allergic Encephalomyeli- 

tis in Guinea Pigs. 

Clinical disease 
Drug Post-drug Histologic 

Group periodX period" Total lesions 

Control 12/12t - 12/12 12/12 
LSD 6/8 2/2 8/8 8/8 
Sansert 7/9 1/2 8/9 9/9 

* Drug and post-drug periods were each 30 days. 
t Number reacting animals over number in 

group. 

the encephalitogenic preparation and con- 
tinued for 30 days afterward. Control ani- 
mals were sacriificed 30 days after the induc- 
ing injection, but the drug-treated animals 
were observed for 30 days after discontinu- 
ance of drug treatment. Emulsified normal 
guinea pig cord as described above was 
used for inducing encephalomyelitis in these 
rats. Histological examination was carried 
out as above. 

Results. Inttmsive treatment of guinea pigs 
with anaphylatoxin in no way affected their 
response to experimentally induced allergic 
encephalomyelitis. It may be seen in Table I 
that 10 of 12 untreated guinea pigs developed 
symptoms of EAE, as did 16 of 19 animals 
treated with anaphylatoxin. In  both groups 

of guinea pigs, the time of onset of symp- 
toms and the severity of histologic lesions 
were very similar. On day 18 animals in both 
the control and treated groups reacted to 
intracutaneously injected tuberculin. 

Guinea pigs treated wi'th either LSD or 
Sansert (Table II), on the other hand, re- 
sponded somewhat differently from untreated 
controls (to injection of the encephalitogen. 
Clinical disease was delayed until after with- 
drawal of drugs in 25% of treated animals, 
while all control pigs developed EAE within 
the test period. The final incidence of dis- 
ease, however, was substantially 'the same 
in both groups. 

The effect of drug treatment on develop- 
ment of allergic encephalomyelitis in rats is 
summarized in Table 111. During drug treat- 
ment with LSD, clinical disease was reduced 
by a b u t  33%. After discontinuance of the 
drug, disease actually became apparent in a 
higher percentage of animals than was seen 
in the control group. This may be an arti- 
fact since the control group was observed 
by experimental design for only 310 days in 
contrast to the 60-day observation period of 
the treated rats. Consequently, clinical dis- 
ease could be delayed but not averted by 
LSD treatment in rats. However, when dis- 
ease appeared, histologic lesions were milder 
in some animals that had undergone drug 
treabment. 

These results demonstrate that during drug 
treatment EAE is suppressed in about 30% 
of the experimental animals. Anaphylatoxin- 
treated animals, depleted of histamine and 
insensitive to passive anaphylaxis are uni- 
formly susceptible to experimental allergic 
encephalomyelitis. 

TABLE 111. Effect of Drug Treatment on Development of Experimental Allergic Encephalo- 
myelitis in Rats. 

7--Clinical disease-, <--Histologic lesions \ 

Drug Post-drug 
Group period" period" Total Drug period Post-drug period Total 

~~ 

+ ? O + k O  

Control 6/10 t - 6/10 9/10 1/10 0 - - - 10/10 

Sam er t 4/10 1/3 
8/10 4/4 0 0 0 2/5 3/5 6/9 $ 

4/6 8/10 7/7 0 0 0 2/3 1/3 9/10 
IiSD 4/10 

* Drug and post-drug periods were each 30 days. 
t Number of reacting animals over number in group. 
4 Animals lost for histologic purposes. 
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Discussion. As apparent from both clini- 
cal and histologic data LSD, and to a lesser 
extent Sansert, can delay the development 
of experimental allergic encephalomyelitis, 
and perhaps reduce the severity of perivas- 
cular lesions. Animals treated with the sero- 
tonin antagonists in this study confirmed the 
report by O’Brien et d(13)  that EAE is 
suppressed in guinea pigs during the course 
of drug administration. However, following 
discontinuance of these agents, the incidence 
of disease rose to that of the control groups. 
Taking into account the limited but random 
sectioning of brain for histologic observation, 
it appears that LSD-treated animals show a 
less severe cellular response than do untreated 
controls. Intensive treatment with anaphyla- 
toxin, which resulits in the removal of en- 
dogenous histamine, is without effect on the 
incidence of EAE. 

The anti-serotonin drugs may counteract 
increased vascular permeability produced by 
serotonin ( 15). This condition is well docu- 
menlted in EAE. Cerebral vessels have in- 
creased permeability as measured by infil- 
tration of trypan blue(l6) or of iodinated 
bovine serum albumin(l7). If this perme- 
ability depends to some extent on serotonin, 
then the effect of these anti-serotonin drugs 
may be the diminution of perivascular infil- 
tration of cellular or humoral components 
thus limiting to some extent the damage to 
the central nervous tissue. 

These effects on EAE are similar to those 
observed by others( 18,19) with corticoste- 
roids, in that the disease was suppressed 
(clinically and histologically) during the 
course of intensive drug therapy, but subse- 
quently became manifest upon discontinuance 
of treatment. The action of corticosteroids 
may be directly on the cellular and/or anti- 
body components, while anti-serotonin agents 
probably act by decreasing the vascular per- 
meability, thereby excluding cellular or hu- 
moral elements from the brain parenchyma. 
Although it must be recognized that LSD 
may have other actions as well, the end 
effect of these anti-allergic mediators is par- 
tial suppression of EAE. 

Summary. Intensive treatment of guinea 
pigs with anaphylatoxin sufficient to prevent 
passively induced anaphylaxis did not alter 
the development of experimental allergic en- 
cephalomyelitis. In  contrast, anti-serotonin 
drugs, lysergic acid diethylamide (LSD) and 
methysergide maleate (Sansert) , did sup- 
press the development of the auto-immune 
disease in about 30% of rats or guinea pigs 
during the period of drug treatment. 

The authors wish to thank Mrs. Tamara Tsvetikov 
for excellent (technical assistance in preparation of 
the histokgic sections. We also thank SQndoz 
PhaalrmaceutJicals, Division of Sandoz, Inc., San Fran- 
cisco, Calif., fGr supplying LSD-25 and Smsert 
(UML-491) .  
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