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O F  E X P E R I M E N T A L  A L L E R G I C  E N C E P H A L O M Y E L I T I S  

Yu .  L .  Z h i t n u k h i n  a n d  M. N. B a i k o v s k a y a  UDC616.832-002-056.3-092:  
615.365.018.53 

Exper imen ta l  a l le rg ic  encephalomyel i t i s  (EAE) was induced in guinea pigs by sensi t izat ion with 
myel in  of homologous or  heterologous (rabbit) bra in  in F reund ' s  comple te  adjuvant. In the ea r ly  
s tages  before  or  a f t e r  sensi t izat ion the an ima l s  were  given subcutaneous injections of an t i lym-  
phocytic s e r u m  (ALS), obtained by immunizing rabbi t s  with lymphocytes  f rom guinea pig lymph 
nodes, daily for  3-6 days. The ALS had a ma rked  inhibi tory act ion on the development  of neuro-  
logical  manifes ta t ions  of EAE and histological  changes,  namely  demyel inat ion and p e r i v a s c u l a r  
cell  inf i l t rat ion in the l umbosac ra l  and ce rv ica l  segments  of the spinal cord.  ALS was most  
effect ive when injected s ta r t ing  f rom the th i rd  to fifth day before  sensi t iza t ion or f rom the day 
of induction of EAE. A l a t e r  s t a r t  of the injections (from the seventh or  12th day a f t e r  sensi t izat ion)  
was accompanied  by inc reased  morbid i ty  in the groups.  A dec rea se  in morb id i ty  c o r r e l a t e d  with 
a dec r ea se  in the number  of posi t ive skin t e s t s  to in t r ade rma l  injection of homologous myelin.  
The product ion of complement - f ix ing  antibodies against  heterologous myel in was not reduced in 
the an imals  rece iv ing  ALS. This  points to the par t ic ipat ion  of ce l lu la r  f ac to r s  in the development  
of the pathological  p roces s .  

KEY WORDS: exper imen ta l  a l l e rg ic  encephalomyel i t i s ;  ant i lymphocyt ie  se rum;  immunodep re s -  
sion. 

To study the immunological  f ac to r s  concerned  in the development  of expe r imen ta l  a l l e rg ic  encepha lomye-  
l i t is  (EAE) it is in teres t ing  to use immunodepres s ive  agents  and, in pa r t i cu la r ,  ant i lymphocyt ic  s e r a  (ALS). 
The inhibitory action of ALS on the development  of EAE has been demons t r a t ed  by s e v e r a l  w o r k e r s  [3, 8-10, 
13]. However,  some p rob l em s  sti l l  r em a i n  unsolved, including the m e c h a n i s m s  (cel lular  or  humoral) of the 
effect  of ALS, the exis tence  or o therwise  of co r re l a t ion  between the dynamic of these p a r a m e t e r s  and the deve-  
lopment  of the d i sease ,  and a lso  the nature of the morphologica l  p ic ture  in the b ra in  during inhibition of EAE 
by A LS. 

The p re sen t  invest igat ion was c a r r i e d  out to study these p rob lems .  

E X P E R I M E N T A L  M E T H O D  

EAE was produced in adult guinea pigs weighing 350-400 g by inoculation with myelin from homologous or 
heterologous (rabbit) brain in Freund's complete adjuvant [4]. To obtain ALS, rabbits were immunized intra- 
venously with lymphocytes from guinea pig lymph nodes on the 1st, 2nd, 3rd, 8th, 9th, 10th, 15th, 16th, and 17th 
days with a suspension containing 3 �9 108 cells. Blood was obtained 7 days after the last injection. The sera 
were inactivated by heating and absorbed with guinea pig red cells until all hemagglutinins had completely dis- 
appeared. Activity of the sera was assessed by their ability to inhibit the development of cutaneous reactivity 
to tuberculin in guinea pigs sensitized 12 days before the skin tests with killed, dried, Mycobacterium tuber- 
culosis cells in a dose of 5 mg per guinea pig. ALS was injected subcutaneously 24 h before the skin tests in a 
volume of 2 ml. To influence the development of EAE, the ALS was injected subcutaneously in a dose of 1.5 ml 
at different times relative to the injection of the encephalitogenic mixture (EGM). Antibodies in the sera of the 
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T A B L E  1. E f fec t  of ALS  on D e v e l o p m e n t  of 
EAE in Guinea  P i g s  

Scheme of in- 
jection of sera 
(days relative 

Serum to induction of 
EAS) ' 

I from--5 to 0 
Antilympho-]. --3 " +2 

eyttc - 0 . +5 
" +7 - +9 

I"  + m -  -~-~ 
Normal rab- from--3 to +2 

bit - @7 - ,+ 11 

No serum injected 

9 
4,5 
7,5 
7,5 
9 

7,5 

7} 
9 25 

10 

12 43 
15 

19 

i}, 
5 
4 

16 

TABLE 2. C o m p a r i s o n  of I nh ib i t o ry  A c t i o n  
of  ALS on Deve lopmen t  of EAE and  Skin 
R e a c t i o n s  to  Myel in  of  H omologous  B r a i n  in 
Gu inea  P i g s  

Scheme of in- 
jection of se- 
rum (days re- 
lative to in- 
jection of en- 
eephalitogenic 
mixture 

--2, --1, O 3 9 
1,5 4,5 

0,75 2,25 

Contro!grou p {no ALS in- 
jc~tea) 

Skin reactions for 
myelin (days after 

]in~u_.__~ction 6f___ ~AE_) 

~6~o Jsixth tenth 

o/day day t 

2/I2 0/6 1/6 1/12 
5/10 1/5 215 3i10 
7/10 2/5 315 5/10 

9/10 3/5 4/5 7/10 

L e g e n d .  D e n o m i n a t o r  g i v e s  n u m b e r  of a n i -  
m a l s  in group;  n u m e r a t o r  g i v e s  n u m b e r  of 
a n i m a l s  with m a n i f e s t a t i o n s  of EAE o r  wi th  
p o s i t i v e  sk in  t e s t s .  

T A B L E  3. C o m p l e m e n t -  F i x i n g  A n t i b o d i e s  in 
S e r a  o f  Guinea  Pigs  S e n s i t i z e d  with Rabb i t  
B r a i n  Mye l in  

ALS 

Injected 
Not ir~ected 

Number of sera tested 

with antibody ~iter 

total tlto. ~. 1:40--]1:i60-- 
1:80 ] 1:320 

24 11 

Numbe~ of 
positive 
~ae~ons 

abso- I tu~e % 

59 I 74,7 
19 79,2 

i m m u n i z e d  r a b b i t s  w e r e  d e t e r m i n e d  in the  c o m p l e m e n t  f i xa t i on  t e s t  in the  co ld  [2], u s ing  a s a l i ne  s u s p e n s i o n  of 
r a b b i t  b r a i n  m y e l i n  a s  the  an t igen .  To a s s e s s  c e l l u l a r  r e a c t i v i t y  of d e l a y e d  type ,  sk in  t e s t s  w e r e  s t u d i e d  in r e -  
s p o n s e  to  in jec t ion  of 1% m y e l i n  (0.1 ml) of homologous  b r a i n .  T e s t s  w e r e  r e g a r d e d  a s  p o s i t i v e  if the  d i a m e t e r  
of the r e a c t i v e  zone was  not l e s s  than 1 c m  24 h a f t e r  the  t e s t .  The  l u m b o s a c r a l  and  c e r v i c a l  s e g m e n t s  of the 
sp ina l  c o r d  of  guinea  p ig s  s e n s i t i z e d  with EGM and t r e a t e d  with  ALS by e f f ec t ive  s c h e m e s ,  o r  of c o n t r o l  a n i m a l s ,  
w e r e  i n v e s t i g a t e d  m i c r o s c o p i c a l l y  by the  me thods  of  M a r c h i  and  N i s s l .  The b r a i n  was  not  i n v e s t i g a t e d  in t h e s e  
e x p e r i m e n t s ,  f o r  a s  was  shown p r e v i o u s l y  [7], even  in the  m o s t  s e v e r e  f o r m s  of EAE in gu inea  p igs ,  d e m y e l i u a -  
t i on  does  not o c c u r  in the  b r a i n .  The a n i m a l s  w e r e  k i l l e d  at  t i m e s  be tween  the 17th and 38th days  a f t e r  i n o c u l a -  
t ion  with EGS. 
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Fig. 1. Effect of ALS on fragmentation of myelin in EAE: a) severe fragmentation of 
myelin in lumbosaeral segments of spinal cord of guinea pig with EAE (21st day after 
inoculation with myelin of homologous brain); b) absence of fragmentation of myelin in 
lumbosacrat segments of spinal cord of guinea pig receiving ALS (27th day after inocu- 
lation with myelin of homologous brain). Impregnation by Marehi 's method, 100 • 

Fig. 2. Effect of A LS on inflammatory infiltration in EAE: a) inflammatory infiltration 
of leptomeninges in lumbosacral segment of spinal cord of guinea pig with EAE (21st day 
after inoculation with homologous brain myelin); b) absence of inflammatory infiltration 
!n lumbosacral segments of spinal cord of guinea pig receiving ALS (27th day after inocu- 
lation with homologous brain myelin). Stained by Nissl 's method, 72 • 

EXPERIMENTAL RESULTS 

As Table 1 shows, of the 26 guinea pigs injected with 1.5 ml ALS starting from the third or fifth day be- 

fore induction of EAE or from the day of its induction in a total dose of 9 ml, only one developed the disease. 

If the serum was injected after the seventh day of the latent period or later, neurological manifestation of 

EAE were observed in half of the guinea pigs. 

As Table 2 shows, injection of ALS in a daily dose of 3 ml for 3 days before inoculation with the antigen 
protected i0 of the 12 animals against the disease in the absence of skin reactions on the sixth day, whereas onthe 10th 

day a positive skin reaction was observed in only 1 of the 6 guinea pigs. After injection of 1.5 or 0.75 ml serum 

daily, 5 and 7 guinea pigs respectively of the i0 developed the disease later; the results of the skin test with 

myelin were positive in 3 of 5 guinea pigs. In the control group 9 to i0 guinea pigs developed the disease and 

in 7 of them the skin tests were positive. 

It is interesting to compare the humoral reaction to sensitizing antigen in the animals of the control group 

and in guinea pigs treated with ALS. The results of determination of complement-fixing antibodies against 

myelin at different times after sensitization are shown in Table 3. 
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Morphological  changes in the l umbosac ra l  and, to a r a t he r  l e s s e r  degree,  in the ce rv ica l  segments  of 
the spinal cord  in 16 control  an imals  (either rec iev ing  or  not rece iv ing  normal  se rum)  were  mani fes ted  chiefly 
as  demyelinat ion,  which was most  marked  along the longitudinal f i s su re  and around the th in-wal led  blood 
v e s s e l s  of the white ma t t e r  (Fig. la).  Extens ive  foei of f ragmenta t ion  of myelin with the format ion  of smal l  
c lumps  and gra ins ,  intensely impregnated  with s i l v e r  by March i ' s  method and appear ing  black,  were  obse rved  
in the white ma t t e r  of the spinal cord.  In a r e a s  of demyel inat ion,  marked  p ro l i fe ra t ion  and hyper t rophy  of ol igo-  
dendrocytes  were  observed.  In f l ammatory  infi l t rat ion was obse rved  in the pia ma te r ,  mainly c lose  to the 
spinal roots ,  and in the walls of the venules  in the white mat te r ;  in these  ca se s  the endothelial  and adventi t ial  
ce l ls  of the v e s s e l s  were  hyper t rophied  (Fig. 2). Changes in the spinal roots  and ganglia were  absent  in 10 of 
the 12 pa ra lyzed  an imals ;  in one guinea pig slight f ragmenta t ion  of myel in  was found in one spinal ganglion in 
the ce rv ica l  port ion of the spinal cord; in one an imal  demyel inat ion in the l umbosac ra l  por t ion and infi l t rat ion 
of the pia ma te r  sp r ead  a lso  to the spinal root.  On the other  hand, in only 2 of the 11 an ima l s  remain ing  healthy 
as  a resu l t  of the injection of ALS were  morphologica l  changes e x p r e s s e d  as  local ized a r e a s  of f ragmenta t ion  
of myel in observed  in the h m b o s a c r a l  port ion of the spinal cord  in regions  along the an t e r i o r  longitudinal 
f i s su re  and inthe white m a t t e r  of the l a t e ra l  columns.  Meanwhile weak in f l ammatory  infi l t rat ion was obse rved  
in the wall  of some  blood v e s s e l s .  Such changes were  absent  in the remain ing  guinea pigs (Figs. 1 and 2). 

Injection of ALS thus inhibited the development  of EAE in guinea pigs and the max imal  inhibitory effect  
was obse rved  when ALS was injected ea r ly  (a few days before  inoculation with EGS). Inhibition of development  
of  the pathological  p r o c e s s  in the cent ra l  nervous  s y s t e m  was conf i rmed  by morphologica l  data. Leibowitz 
et al. [10] found that,  under s imi l a r  expe r imen ta l  conditions, EAE did not develop in guinea pigs rece iv ing  ALS 
both during the f i r s t  (0-Sth) and subsequent  (10th-18th) days a f t e r  sensi t izat ion,  but on the 54th day in f l amma-  
to ry  infi l t rat ion of the meninges of the bra in  and spinal co rd  was observed.  However,  Leibowitz gives no infor-  
mation in his pape r  on demyelinat ion,  which is essen t ia l  evidence of EAE. 

As the p resen t  e x p e r i m e n t s  showed, inhibition of the development  of EAE by ALS c o r r e l a t e d  with inhibi- 
t ion of a l le rg ic  skin reac t ions  to myel in  in the exper imenta l  animals .  This  co r re l a t ion  con f i rms  the role  of 
ce l lu la r  f ac to r s  in the development  of the pathological  p roce s s  as  a whole, but it is st i l l  not enough to be able 
to r e g a r d  these  f a c t o r s  as  the agents  d i rec t ly  respons ib le  for  demyelination.  On the o ther  hand, in an imals  r e -  
ceiving ALS the product ion of complement - f ix ing  antibodies was p r e s e r v e d  in the absence  of development  of the 
d isease .  Complement- f ix ing  antibodies evidently do not play a d i rec t  pathogenetie role  in EAE. The question 
of the effect  of ALS on myelinotoxic antibodies,  which have been descr ibed  in EAE [5, 6, 14], stil l  r e m a i n s  un- 
answered.  The different  effects  of ALS on a l l e rg ic  skin reac t ions  and on complement - f ix ing  antibodies a r e  in 
ag reemen t  with data in the l i t e ra tu re  [11, 12]. 
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