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Injury to the membrane  s t ruc tu re s  of the brain in exper imental  a l lergic  encephalomyeli t is  (EAE), which is 
manifes ted in par t i cu la r  by the development of demyelinat ion and dis turbance of phospholipid metabol ism in the 
brain,  suggests a change in the intensity of lipid peroxidat ion (LPO) in the membranes .  

In the investigation descr ibed  below LPO p a r a m e t e r s  were  determined in blood and brain t issue of guinea 
pigs in the course  of EAE. 

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

Experiments were carried out on 105 guinea pigs weighing 250-300 g. EAE was produced by a single im- 
munization with encephalitogenic material containing Freund's complete adjuvant (5 rag/ml of a killed culture 
of BCG) and 50%homogenate of homologous brain in physiological saline. The encephalitogenic material was 
injected into the hind-limb footpads in a dose of 0.2 ml each. On the 3rd, 5th, and 7th days of immunization and 
during the development of EAE the following parameters were determined: the blood and brain tissue concen- 
trations of diene conjugates [i0], the concentration of malonic dialdehyde (MDA) in the blood serum and brain 
tissue [4, 14], the intensity of formation of peroxides and of unsaturated fatty acids (USFA) in erythrocyte mem- 
branes [2], the peroxide resistance of the erythrocytes [9], activity of catalase [12] and of superoxide dismutase 
(SOD) [13] in blood and brain tissue, total peroxidase activity of the blood serum [5, 8], and the rate of spon- 
taneous and NADPH-induced LPO in brain tissue [4]. 

E X P E R I M E N T A L  R E S U L T S  

All guinea pigs immunized with the encephalitogenic mater ia l  developed clinical manifestat ions of EAE on 
the 10th-13th day of immunization,  in the fo rm of loss of body weight, apathy, and the development of pares i s  
and para lys i s  of the limbs and sphinc te rs .  During the f i r s t  week af ter  the appearance of neurological  symptoms 
all the animals died. 

On the 3rd-5th day of immunization a marked increase was observed in the blood level of diene conjugates, 
and on the 7th day and during the development of EAE it fell, although it still remained above normal. A similar 
trend was observed in the brain, but the peak concentration of diene conjugates was recorded on the 5th-7th day 
of immunization (Fig. i). The MDA concentration in the blood serum and brain rose progressively in the course 
of immunization, but in the blood it began to rise after the 3rd day of immunization, and inthe brain not until 
the 5th day (Fig. 2). The maximal increase in catalase activity in the blood occurred on the 5th day and in the 
brain on the 7th day of immunization, followed by a fall below the background values (Table I). SCD activity 
fell in the blood and brain, starting with the 7th day of immunization, and minimal values were reached during 
the development of EAE (Table I). From the 3rd day of immunization the concentration of peroxides of USFA in 
the erythrocytes membranes began to rise p~:ogressively (Fig. 3) and the percentage of erythrocytes hemolyzed 
through the action of peroxide increased (up to 70% from a normal level of 8-9%). Total serum peroxidase ac- 
tivity reached its highest values on the 3rd day of immunization and this was followed by a fall below the back- 
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TABLE 1. Changes in Catalase and s o D  Activity ia  the Course  of EAE in Guinea Pigs  
(M �9 m) 

Catalase (8) SOD (q) 
Experimental blood, millimole-s brain, micromoles blood, activity brain, activity units/' 
conditions ] HzOJrn l /m in  H2OJg tissue/rain units/m1 mg protein 

Background 
Immunization 

3rd day 
5~h day 
7~h day 

EAE 

Legend. 

0,104-0,01 

0,13-+0,0l 
0,244-0,02* 
0,13+__0,02" 
0,05___0,01" 

2,1~0,3 

2,2-+0,1 
3,1~0,2" 
6,5-+1,5" 
1,8• 

133,44-4,4 

I32,44-I,3 
120,24-1,6"* 
94,8~4,7" 

9,84-0,1 

9,5• 
6 , 3 •  
3 ,8 •  I * 

*P < 0.001, * * P  < 0.05 compared with background. 
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Fig.  1. Concentrat ion of diene conjugates in blood (I) and brain (II) of guinea pigs in the 
course  of EAE. A b s c i s s a ,  t i m e  after immunizat ion  (in days); ordinate,  concentrat ion of 
diene conjugates in blood (in n m o l e / m l )  and brain (in n m o l e / g  t i s sue ) .  

Fig. 2. MDA concentrat ion in blood s e r u m  (I) and brain (II) of guinea pigs in course  of EAE. 
A b s c i s s a ,  t ime  after immunizat ion  (in days); ordinate,  MDA concentrat ion in blood (in 
n m o l e / m l )  and brain (in n m o l e / g  t i s sue ) .  

Fig.  3. Perox ides  of USFA in erythrocyte  m e m b r a n e s  (D and total  s e r u m  perox idase  a c -  
t ivity (II) of guinea pigs in the course  of EAE. A b s c i s s a ,  t ime  after immunizat ion  (in days); 
ordinate,  concentrat ion of perox ides  of USFA in erythrocyte  membranes  (in nmole  M D A / m l  
of erythrocyte  suspension)  and total  s e r u m  perox idase  activity (in re lat ive  units of ac t iv -  
i t y / m l  s erum) .  

ground values  toward the 7th day, although during the development  of EAE a further r i s e  in peroxidase  act ivity 
was  observed  (Fig. 3). The rate of spontaneous and NADPH-induced LPO d e c r e a s e d  after the 5th day f r o m  the 
beginning of immunizat ion .  

The d e c r e a s e  in the concentrat ion of antioxidants in the erythrocyte  m e m b r a n e s  and s imul taneous  a c c u m -  
ulation of diene conjugates and MDA indicate act ivat ion of LPO p r o c e s s e s  in the blood as ear ly  as on the 3rd-  
5th days of immunizat ion .  The i n c r e a s e  in cata lase  act ivity and total  perox idase  act ivity of the blood s e r u m  
conf irms  accumulat ion  of peroxides  in the blood. Coincidence of the tempora l  charac ter i s t i c s  of the i m m u n o -  
logic  react ion,  namely  the appearance of antibrain antibodies and of c irculat ing immune complexes  on the 3rd-  
5th day after immuniza t ion  with eaeephal i togenic  mater ia l  [7] with intensi f icat ion of LPO sugges t s  that ac t iva -  
t ion  of these  p r o c e s s e s  is  the resul t  of an ant igen-ant ibody  react ion,  beginning in the blood in the ear ly  s tages  
of EAE. The increase  in the concentrat ion of diene conjugates and MDA in the animals '  brain took place  in the 
later  s tages  of immunizat ion .  T h e  increase  in act ivity of LPO p r o c e s s e s  in the blood evidently affects  the p e r -  
meabi l i ty  of the blood-brain barr ier  and fac i l i ta tes  the pas sage  of antibrain antibodies ,  potentiating LPO in the 
brain, through the barr ier .  The mos t  marked i n c r e a s e  in LPO in the brain occurred on the 7th day of i m m u n i z a -  
tion. These  resu l t s  are  in agreement  with ear l i e r  observat ions  showing that this  period,  immedia te ly  preceding 
the deve lopment  of c l inical  s y m p t o m s ,  is  marked by a part icular  i n c r e a s e  in s ever i ty  of metabol ic  d is turbances  
in the brain [11]. It has a l so  been shown that d is turbances  of protein,  nitrogen,  and energy  m e t a b o l i s m  and 
changes  in the g!ycolipid compos i t ion  of the brain in EAE are  s i m i l a r  in the ir  tread to  those  ar is ing  after intra-  
c i s ternal  inject ion of the 7 - g l ~  fract ion of blood s e r u m  containing antibodies against  brain antigens [3, 6]. 
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The d e c r e a s e  in the ra te  of spontaneous (from 1,6 • 0.05 to 0.46 • 0.02 nmole MDA/g  t i s s u e / m i n ,  P < 
0.001) and of induced LPO (from 2.6 -~ 0.08 to 1.6 • 0.08 , m o l e  MDA/g  t i s s u e / r a i n ,  P < 0.001) in the bra in  
during the development  of EAE is a ve ry  in te res t ing  fac t .  Under these  c i r cums tances  the re  was a change in 
the c h a r a c t e r  of the curves  of veloci ty  of spontaneous LPO, with the appearance  of a latent per iod.  It has been 
shown that  the latent  per iod of fo rmat ion  of TBA-ac t ive  products  is observed  a f te r  addition of Fe++ sa l t s  [4], 
but the m e c h a n i s m  of delay has  not been finally explained. The d e c r e a s e  in the r a t e  of spontaneous and NADPI-I- 
induced LPO in the bra in  on the 7th day of immuniza t ion  and during the development  of EAE can be explained 
by a d e c r e a s e  in the phosphelipid content [1]. The fall in ca ta lase  and SOD act ivi ty evidently takes  place  on ac -  
count of the i r  inhibition by lipid peroxides .  

The inc reased  act ivi ty of LPO p r o c e s s e s  in EAE can be r ega rded  as one of the initial  s tages  of injury to  the 
m e m b r a n e  s t r u c t u r e s  of the var ious  e lements  of the brain .  Intensif icat ion of LPO is evidently the r e su l t  of i m -  
munolog ic  conflict ,  taking place  at the init ial  s t ages  of EAE in the blood, and subsequently in the brain.  The in i -  
t ial  c h a r a c t e r  of the i nc rea se  in LPO act ivi ty  may be conf i rmed by the p ro tec t ive  effect  of antioxidant the rapy .  
The fu r the r  development  of our ideas on the role  of immunologic  reac t ions  in the d is turbance  of the no r ma l  level  
of act ivi ty  of LPO p r o c e s s e s  is impor tan t  for  our understanding of the pathogenesis  of the immunologic  conflicts 
which lie at the basis  of many d i s ea se s  of the nervous  s y s t e m ,  and a lso  for  the improvemen t  of diagnostic me th -  
ods and the development  of new approaches  to  the t r e a t m e n t  of immunopathologic p r o c e s s e s .  
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