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ant1 related suhstances. O w  results indicatcb 
that DC'I elevation of plasma FI:.4 is depcn- 
dent on its in vizu administration. Iit ititro 
studies suggest that DCI does not have an 
intrinsic lipolysis promoting property unlike 
epinephrine which stimulates FFA release in 
v i m (  10,14) and in vitro( 15.16). The evi- 
dence of Muhlbachova et QZ. ( l l )  that DCI is 
mimetic to epinephrine, arterenol and isopro- 
terenol does not preclude either the in oizv 
modification of DCI to a compound with 
greater lipolytic activity or release of FFA 
mobilizing factors within the organism. An- 
other possible explanation is that DCI ma\. 
interfere with utilization rather than the 
elaboration of plasma FFA. However, Arm- 
strong ct aZ.( 17) have recently reported that 
BCI not only elevates plasma FFA levels. 
but also found that an increased rate of turn- 
over is associated with elevation of plasma 
FFA levels. 

Stiitziizary. 3,4,Dichloroisopropylarterenol 
( Dc'I) elevates the FFA level in anesthetized 
dogs. However, in vitro it does not cause 
FFA release from adipose tissue. Isoproter- 
enol induces elevations of plasma FFA and 
glucose which are reduced by DC'I (4 mg 
kg). Glucagon hyperglycemia is also an- 
tagonized by DCI. DC'I effects in P ~ Z Y J  can 
be overridden by increasing the dose of iso- 
proterenol or glucagon. 
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Suppression of Experimental Allergic Encephalomyelitis by Stress." (27183) 
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Stress under certain conditions increase< port demonstrates that stress can suppress ex- 
the non-specific resistance of the organism perimental allergic encephalomyelitis (EAE) , 
against injuries caused by various noxious a manifestation of delayed type hypersensi- 
agents( 1-3). Stress influences certain immu- tivity to nervous tissue. 
logic phenomena as well, causing inhibition It also occurred to us that the low incidence of active and passive anaphylaxis(4,S) and 

of EAE in certain species following adminis- skin homograft rejection (6 ) .  The present re- 
tration of encephalitogenic emulsion by in- 

* Supported by research grants from Kat. Multiple traperitoneal route might be due to stressful 
Sclerosis SOC. and Nat. Inst. of Neurol. Dis. and effects of the inflammatory reaction to the 
Blindness, U.S.P.H.S. inoculum in the peritoneal cavity. Waksman 
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found that the intraperitoneal route gave poor 
results in rabbits( 7 ) .  We have confirmed 
this in 2 strains of albino rats. At necropsy, 
these rats exhibited granulomatous peritoni- 
tis, large adrenals and atrophied thymuses. 
These findings suggested a stress effect. The 
present experiments demonstrate that the in- 
effectiveness of intraperitoneal inoculation of 
encephalitogenic emulsion can be attributed 
at least partly to the stressful effect of granu- 
lomatous peritonitis. 

Methods. Female 120-167 g Sprague-Daw- 
ley rats were fed Purina Laboratory Chow 
and tap water ad libitum. Encephalitogenic 
emulsion was prepared by cycling 33% w/v 
rat spinal cord homogenate and equal volume 
of Freund’s complete adjuvant between 2 
syringes connected by a double-hubbed 
needle. Adjuvant was prepared by suspend- 
ing killed dried tubercle bacilli 4 mg/ml in 
8.5 parts Bayol F and 1.5 parts Arlacel A. 
EAE was produced by administering enceph- 
alitogenic emulsion in the right foot pad as a 
single 0.05 ml dose or intradermally as 7 in- 
jections of 0.1 ml each in plucked skin of 
flanks and dorsal neck, under light ether an- 
esthesia. Local inflammatory response to en- 
cephali togenic emulsion was graded clinically 
from 1 to 4 based on size and ulceration of 
lesions a t  sites of inoculation. Clinical signs 
of EAE appeared usually from 10 to 18 days 
after inoculation and were graded in 4 de- 
grees of severity: l-paresis af 1 hind limb, 
2-paresis of both hind limbs, 3-paralysis 
of both hind limbs wit.h or without weakness 
of fore limbs, 4--the preceding plus urinary 
incontinence. 

Restraint, noradrenaline or cold baths were 
used as stressors( 1-3). Restraint was accom- 
plished by taping all 4 paws of prone rats to 
a board. Their teeth were clipped and they 
were fed powdered chow. Duration and fre- 
quency of restraint are detailed under Re- 
sults. Noradrenaline (Winthrop) was in- 
jected subcutaneously twice daily suspended 
in 0.2 ml corn oil, from 6 days before chal- 
lenge until sacrifice. Doses started at  25 7, 
increased at  intervals by 2 5  y until a maxi- 
mum dose of 300 y was attained. Cold baths 
in water a t  0 to 4°C were given twice daily, 
increased from :/. to 2 minutes during the 6 

days before challenge, and maintained at  2 
minutes thereafter. 

Some rats, challenged intradermally with 
encephalitogenic emulsion, were given simul- 
taneous intraperitoneal injection of 0.7 ml 
of an emulsion of equal parts of adjuvant and 
saline. The intraperitoneal adjuvant-saline 
emulsion was given to produce a sterile granu- 
lomatous peritonitis. For control purposes 
other rats, challenged intradermally with en- 
cephalitogenic emulsion, were given adju- 
vant-saline emulsion intradermally as 7 in- 
jections of 0.1 ml each in ventral and dorsal 
midlines. 

Rats were killed with chloroform 28 days 
after challenge. Spinal cord and hindbrain 
were fixed in 10% formalin or Bouin’s solu- 
tion, embedded in entirety in paraffin, sec- 
tioned, stained by hematoxylin-eosin and oc- 
casionally by Lux01 fast blue-periodic acid- 
Schiff. Histologic evidences of EAE were 
graded by number of lesions: l-up to 4 or 5 
lesions on the entire slide, 2-a [few lesions in 
each of several different low-power fields, 3- 
lesions in many different fields, 4-many le- 
sions in all or almost all fields. Slides were 
read without knowledge of the group lfrom 
which tissues were derived. For each experi- 
mental group, incidence of EAE and average 
severity of both clinical and histological signs 
are recorded in the Tables. 

Results. Suppression of EAE by stress. 
(Table I) .  Among 28 control rats challenged 

TABLE I. Suppressive Effect of Stressful Pro- 
ccdures on EAE Induced by Intradermnl Flank- 

Neck Route. 

Histo- 
No. of Clinical logic 

Stressful procedure rats EAE EAE 

% % 
None 28 57 (1.2)t 61 (1.5) 
Restraint D-6” to D+28  42 21 ( .4) 

” D + 9 t o D + 2 8  9 78 (1.6) 67 (1.3) 
” D+6only 10 70 (2.0) 70 (2.4j 

Noraclrenaline 7 29 ( .9) 57 ( .8) 

Intraper. adjuvant 18 0 ( .O)  11 ( .1) 
Jntradernialadjuvant 11 64 ( .9) 36 ( .7) 

7 ( .2) 
” D-6 toD+14  7 14 ( . l )  29 ( .4) 

Cold baths 9 22 ( .7) 44 ( .9) 

* Reckoned from day of challenge as day zero. 
D = Day. 

t Figures in parentheses in Tables I and I1 rep- 
resent avg severity, graded individually from 0 to 
4 3s described in text. 
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with encephalitogenic emulsion by intrader- 
ma1 flank-neck route, 16 ( 5 7 % )  developed 
clinical signs of EAE and 1 7 ( 6  1 v, ) had his- 
tologic lesions. .4niong 42 rats challenged 
simultaneously and in identical fashion h i t  
subjected to restraint 3 hours daily or 7 hours 
every other day from 6 days before challenge 
until sacrifice, only 3 ( 7 % )  developed clini- 
cal signs of EAE and 9 ( 2  1 % ) had histologic 
lesions. Severity of clinical signs and his- 
tologic lesions paralleled the data on inci- 
dence. Restraint applied to 7 rats 3 hours 
daily, from 6 days before challenge until only 
14 days after challenge, also suppressed clini- 
cal and histologic evidence of EAE. On the 
other hand, no protection was obtained from 
restraint 3 hours daily, starting 9 days after 
challenge and continuing until sacrifice. or 
from 17 hours of restraint applied once only 
6 days after challenge. Twice daily injections 
of noradrenaline or twice daily cold baths 
from 6 days before challenge until sacrifice 
gave only slight reduction of clinical and his- 
tologic signs of EAK. 

Suppression of E.4 E by  granulomatous 
peritoilitis. (Table I ) .  Eighteen rats, chal- 
lenged with encephalitogenic emulsion by in- 
tradermal flank-neck route and given adju- 
vant-saline emulsion intraperitoneally , exhib- 
ited almost complete suppression of EAE. 
None had clinical signs and only 2 ( 11-9 ) 
had histologic lesions which were of minimal 
severity. Controls that received the same 
quantity of adjuvant-saline emulsion in the 
skin had only slight decrease of EAE com- 
pared to controls that received no extra treat- 
ment. 

E j e c t  of stress u!tw foot pad challenge. 
(Table 1 1 ) .  Foot pad inoculations of en- 
cephalitogenic emulsion are known to be 
more effective in eliciting EAE than intrader- 
ma1 inoculations in flank and neck(8,9). In 
TABLE 11. Effect of Stressful Procedures 011 

EAE Induced by Foot Pild Route. 

Hixto- 
No. of Clinical logic 

Stressful procedure rats EAE EAE 

% 70 

20 ( .4) 100 (2.6 
None 10 iO (1.9 ) 100 (3.2 I 
Rest;Taint I)-6 to D + 28 20 

Y + 6 only 10 100 (2.3) 100 (2.4) 

14 I6 18 20 22 24 26 28 
DAYS AFTER CHALLENGE 

1.9- 
ZP ADWANT 

1.2 

I I 1 1 1 1 1  a 4 8 12 16 20 24 28 
DAYS AFTER CHALLENGE v 

FIG. 1.  Avg severity of clinical signs of 'EAE 
i n  one experiment on 4 groups of rats challenged 
\vi t l i  eiiceplialitogeiiic emulsion by intradermzll 
H:riik-iieck route (circles) or foot pad (squares). 
Rats subjected to restraint 7 hr every other day 
(closed symbols) had much less .clinical evidence of 
EAE than controls that received no additional 
treatment (open symbols). 

FIG. 2. Avg scores for intradermal sites of in- 
oeulation of encephalitogenic emulsion in groups 
of rats subjected t o  restraint 3 hr daily (e), to in- 
triq)tvitone:il inj. of adjuvant ( A ) ,  or to no addi- 
t i O I l : l 1  trt'RtIklPllt (0). 

the present experiments the foot pad route 
produced higher incidence of clinical EAE 
(70%), more severe signs, earlier onset and 
earlier peak, but more rapid and complete 
resolution (Fig. 1, control groups, open .sym- 
bols). A single 17-hour period of restraint 6 
days after foot pad challenge gave no protec- 
tion, but restraint applied 7 hours every other 
day throughout the experiment reduced the 
incidence of clinical signs od EAE to 207% 
with corresponding reduction in severity 
(Table I1 and Fig. 1, closed squares). How- 
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ever, histological examination showed no dif- 
ference in incidence or severity of EAE le- 
sions between control and restrained groups, 
unlike results after intradermal challenge. 
Similar discrepancy between clinical and his- 
tologic findings was noted also in an experi- 
ment in which suppression of EAE after foot 
pad challenge was sought by intraperitoneal 
adjuvant injection. 

Other obserzwtions. Normal increase of 
body weight was retarded by repeated re- 
straint and an occasional rat lost a few 
grams, but return toward normal started after 
about 2 weeks. Noradrenaline and cold baths 
did not interfere with normal weight gain. 
After intraperitoneal adjuvant, rats appeared 
unwell for a few days, exhibited swollen ab- 
domens and excessive gain in weight, but ap- 
peared healthy thereafter. At necropsy, they 
had sterile granulomatous peritonitis, usually 
with ascites (up to 16 ml). 

Ulceration af inoculation sites in some con- 
trol rats diminished slightly between 11 and 
18 days after inoculation followed by en- 
largement till sacrifice (Fig. 2 ) .  Rats sub- 
jected to repeated restraint showed a much 
greater decrease in size of inoculation sites 
between 11 and 18 days after inoculation, but 
by time of sacrifice they had almogt regained 
the size of controls. Tnoculation sites of rats 
treated with intraperitoneal adjuvant were 
smaller than controls during the first week 
but increased after that to become larger than 
controls, and exhibited no decrease between 
11 and 18 days. Sites of inoculation of en- 
cephalitogenic emulsion in rats given extra 
adjuvant in the skin did not differ in size 
from those of untreated controls. Lymph 
nodes draining sites of inmulation of en- 
cephalitolgenic emulsion contained epithelioid 
cell granulomas and foci of suppuration sur- 
rounding oil droplets derived from the in- 
oculum. These lesions were slightly de- 
creased after repeated restraint but there was 
great individual variation. 

Discussion. Suppression by early restraint 
and lack off suppression by late restraint in- 
dicate that stress influences sensitization 
rather than a later stage in development of 
J3AE.t The suggestion that excessive secre- 

t Professor N. Allegretti of Zagreb has permitted 
-- 

tion of anti-inflammatory adrenal corticoster- 
oids is responsible for inhibitory effect of 
stress on anaphylaxis and skin homograft re- 
jection( 1,5,6) may apply as well to EAE. 
This hypothesis is now being explored by ex- 
periments on adrenalectornized rats. The 
hypothesis is compatible with our observation 
that inoculation sites during part of their 
evolution were smaller in stressed rats than 
in normal rats (Fig. 2 ) ,  and the observation 
of Kabat et aZ.( 10) that cortisone treatment 
prevented EAE by suppressing epitheliolid 
cell response at  inoculation sites. 

Suppression of EAE by stressors might be 
subject to other interpretations. We investi- 
gated body temperature because restraint 
may be associated with slight hypothermia 
( 1 1 ) , but measurements of rectal temperature 
showed hypothermia only after cold baths 
and not after restraint olr noradrenaline. 
Thus there was no correlation between body 
temperature and suppression of EAE. We 
have not excluded a possible role of nutrition 
because there was a correlation between abil- 
ity of the stressor to su,ppress EAE and to in- 
terfere with normal weight gain. EAE can 
be prevented by specific nutritional defi- 
ciencies ( 12,13), but there are no experiments 
pertinent to restriction of body weight on a 
qualitatively adequate diet. Furthermore, 
such experiments would be difficult to inter- 
pret because food deprivation itself is con- 
sidered to be a powerful stress ( 1) .  

The observations that repeated restraint 
caused molre suppression af EAE after intra- 
dermal than alfter foot pad challenge, the lack 
of effect of single periods of restraint, and 
the slight effects of noradrenaline and cold 
baths suggest that suppression of EAE de- 
pends on a balance between strength of the 
encephalitogenic stimulus and severity of the 

-~ 

us to quote the following experiment (to be pub- 
lished): suppression of EAE was obtained by intra- 
peritoneal injection of adjuvant alone when this 
injection was given 1,2,3,4,5,6, or 8 days after intra- 
dermal challenge with encephalitogenic emulsion ; no 
suppression was observed when the intraperitoneal 
adjuvant was given 10, 12 or 14 days after challenge. 
These results may be compared with our own 
inability to suppress EAE when daily restraint was 
not initiated until 9 days after challenge. 
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applied stress. Different degrees of inherent 
susceptibility to EAE(9) and to stress may 
influence results also. 

Suppression of EAE by intraperitoneal atl- 
juvant was probably due to stressful effects of 
granulomatous peritonitis. The fact that ad- 
juvant in the peritoneal cavity caused far 
more suppression of EAE than adjuvant in 
the skin suggested a non-specific rather than 
immunologic mechanism. Suppression of 
EAE by granulomatous peritonitis may es- 
plain the low incidence of EAE in rats fol- 
lowing intraperitoneal challenge with en- 
cephalitogenic emulsions. Stress may be in- 
volved also in the action of drugs or other 
treatments on EA4E (for example, stressful 
effects of intraperitoneal salicylate( 14) and 
infantile stimulation( 1 5 ) .  

Sz411mary. Stress. in the form of restraint 
repeated throughout the experiment or during 
its first half, suppressed development of clini- 
cal and histologic signs of experimental aller- 
gic encephalomyelitis (EAE) in rats after in- 
tradermal challenge with encephalitogenic 
emulsion. Clinical signs, but not histologic 
lesions, were suppressed by restraint when 
the highly effective foot pad route of chal- 
lenge was employed. In traperi toneal in jec- 
tions of adjuvant also suppressed EAE in rats 
simultaneously challenged with encephalito- 
genic emulsion in the skin. It is suggested 
that suppression of EAE l q *  intraperitoneal 
adjuvant was due to the stressful effects of 
the consequent sterile granulomatous peri- 
tonitis. Thus. the occurrence of granulo- 
matous peritonitis may explain the failure to 

produce EAE when rats are challenged by in- 
t raperi toneal route with encephali togenic 
emulsions that contain adjuvant. 
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Recently, Samuels and U-ebster demon- blue staining( 1 ) . This suggests an affinity 
;k Supported in part by a grant-in-aid for Fun&- 

mental Scientific Research of the Ministry of Edu- 
strated Vascular endothelial cement lines by 
treating large blood vessels in stretch prepa- 
rations with heparin followed by toluidin cation, Japan. 


