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The development of the paralytic syndrome in postdiphtheritic polyneuritis was character-  
ized by a sharp decrease in polarization of the muscle fibers,  the accumulation of sodium 
and potassium ions and noradrenalin in them, and by a deficiency of adrenalin. In experl-  
mental allergic encephalomyelitis the polarization of the skeletal muscle fibers was not sig- 
nificantly changed, despite the marked increase in the concentrations of sodium, potassium, 
adrenalin, and noradrenalin in the muscle tissue. It is concluded that changes in the func- 
tional propert ies  of skeletal muscle fibers in postdiphtheritic polyueuritis, unlike those in 
experimental allergic encephalomyelitis, are  evidently due to a disturbance of regulatory 
nervous influences on the processes  of electrogenesis in the muscle fibers.  
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The paralytic syndrome in postdiphtheritic polyneuritis (PDP) is character ized by demyelination, 
changes in the axons of the thick myelinated nerve fibers, a progressive increase in the re f rac tory  period, 
and slowing of the velocity of conduction of the nervous impulse or even its total blockade. In experimental 
allergic encephalomyelitis (EAE) it is associated only with demyelination of the internodal segments, a 
moderate increase in the re f rac to ry  period, and slowing of the conduction of the nervous impulse [2, 6, 7]. 

Because of this difference in the character  of the disturbance of the nervous influence on the muscle 
in PDP and EAE, it was necessary  to determine how the level of the membrane potential (MP), the electro-  
lyte balance, and the catecholamine concentrations change in the affected muscles in PDP and EAE, and to 
what extent they can be correc ted  by administration of pharmacological agents acting on energy metabolism 
and on the sodium-potass ium pump. 

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

Experiments were carr ied out on noninbred guinea pigs of both sexes weighing 300-500 g. 

PDP was produced by Fr iek 's  method [5] by subcutaneous injection of partially inactivated diphtheria 
toxin (1 MLD, 0.003 ml of the liquid toxin) in a solution of medina l -verona l  buffer (pH 8.5), into the lumbar 
region in a dose of 0.5 MLD/0.3 kg body weight. Pa res i s  of the skeletal muscles developed on the 17th- 
21st day and paralysis on the 25th-45th day after  injection of the toxin. 
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TABL,E 1. Changes in MP (M �9 m) of G a s t r oc ne m i us  Muscle  F i b e r s  

of Guinea P i g s  in the Course  of PDP and EAE 

Control 
Control + Phenylephrine 
Control + ATP 
Control + Pyruvate-phosphate 
Control + Pyruvic acid 
Control + Cysteine 
Control + Methionine 
PDP 

10thday after injection of toxin 
15th day after injection of toxin 
Early state (15th-21st day after injection 
of ~oxin) 
Late stage (22nd-45th day after injection 
of toxin) 

Late stage + artifidial respiration 
Late stage + Phenylephrine 
Late stage + ATP 
Late stage + Pvruvate- phosDb_ate 
Late stage + P~uvlc amd " 
Late stage + cysteine 
Late stage + Metbionine 

EAE 
Lain stage (15th-22nd day) 

No.of 
fibem MP (in mV) p, p, 

141 
113 
103 
118 
110 
107 
101 

100 
100 
120 

120 

143 
102 
94 
86 

102 
99 
80 

126 

75,6----- 1,28 
85,9+- 1,06 
77,5+-0,93 
74,2+0,81 
75,1~ 1,00 
74,2-*-0,94 
73,7+---0,78 

75,7+-0,97 
74,2+-0,77 
63,7+-0,76 

58,2-----0,81 

64,0----- 1,38 
70,0-----0,89 
78,4----- 1,46 
78,4--- + 1,28 
65,4--- + 1,43 
73,6 +- 1,47 
75,9----- 1,89 

75,0+--0,87 

<0,001 
>0,2 
>0,2 
>0,5 
>0,2 
>0,2 

>0,5 
>0,2 
<0201 

<O,O01 

<O,CO! 
>0,1 
>0,1 

>0,2 
>0,5 

>0,5 

<0,00~ 

>0,5 
<0,00~ 

>0,2 

Legend.  P1) c o m p a r e d  with cont ro l ;  P2 c o m p a r e d  with e a r l y  s tage 
of PDP. 
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Fig .  1. H i s t o g r a m s  of d i s t r i bu t ion  of m u s c l e  
f i b e r s  with va r ious  l eve l s  of MP: 1) con t ro l  
(n = 141); 2) PDP (15 days ,  n = 100); 3) PDP 
(late s tage ,  n = 120). A b s c i s s a ,  leve l  of MP 
(in mV); o rd ina te ,  number  of f ibe r s  with 
va r ious  l eve l s  of M'P (in % of to ta l  number) .  

EAE was produced  by the subcutaneous inject ion of 
an encephal i togenic  m i x t u r e  (spinal  co rd  homegena te  with 
Freund~s comple te  adjuvant ,  1 : 1.5) into the p lan ta r  pads ,  
0.5 ml  into each pad, at  i n t e rva l s  of 3 days .  

A c l in i ca l  p i c tu re  of EAE (d is turbance  of move-  
ment  coordina t ion ,  p a r e s i s  and p a r a l y s i s  of the ske le ta t  
m u s c l e s  and the sph inc t e r s  of the u r i n a r y  b l adde r ,  and 
so on, developed in a l m o s t  100% of the an ima l s  a f t e r  14- 
20 days .  The methods  of r e c o r d i n g  the 1WP and of d e t e r -  
mina t ion  of the ca t echo lamines  and e l e c t r o l y t e s  we re  the 
s ame  as  those  d e s c r i b e d  e a r l i e r  [3]. 

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

The r e s u l t s  of the e xpe r i m e n t  c a r r i e d  out at  dif-  
f e ren t  s t ages  of PDP showed a w e l l - m a r k e d  dependence 
of changes  in the funct ional  s ta te  of the s t r i a t e d  m u s c l e  

f i be r s  on the c h a r a c t e r  of in jury  to the nervous  s y s t e m .  F o r  ins tance ,  in the p r e p a r a l y t i c  pe r iod  (10th-15th 
day of sens i t i za t ion) ,  although the mean  value of MP of the f ibe r s  of the t e s t ed  m u s c l e  was s t i l l  s i m i l a r  to 
the con t ro l  (Table 1), an i n c r e a s e  in the number  of m e d i u m - p o l a r i z e d  f i b e r s  could be c l e a r l y  seen  on the 
h i s t o g r a m  (Fig.  1). The  ad rena l i n  concen t ra t ion  in the musc l e  was s l igh t ly  r educed ,  the concen t ra t ions  of 
po ta s s ium and sodium ions w e r e  i n c r e a s e d ,  and the K/Na r a t i o  was lowered  (Table  2). With the f i r s t  s igns 
of p a r e s i s  of the m u s c l e s  (on the 17th-21st  day) the value  of MP fe l l  a p p r e c i a b l y  and the spec t rum of the 
h i s t o g r a m  was shif ted s ign i f ican t ly  toward  a low leve l  of po l a r i za t i on  of the m u s c l e  f i b e r s .  This  pa t t e rn  
was seen  mos t  c l e a r l y  in the phase  of deve lopment  of p a r a p l e g i a  and t e t r a p l e g i a  (25th-45th day). Mean-  
while the sodium, po t a s s ium,  and n o r a d r e n a l i n  concen t ra t ions  in the m u s c l e  r o s e  and the a d r e n a l i n  concen-  
t r a t i on  fe l l .  

So f a r  as the m e c h a n i s m s  of these  changes  a r e  concerned ,  given the deve lopment  of the gene ra l  
p a r a l y t i c  syndrome ,  e s p e c i a l l y  in the s e v e r e  c a s e s  of PDP,  one of the p r inc ipa l  pathogenet ic  f a c t o r s  could 
have been hypoxia.  The addi t ion of a r t i f i c i a l  vent i la t ion  of the lungs under  these  c i r c u m s t a n c e s  i n c r e a s e d  
the p o l a r i z a t i o n  of the m u s c l e  f i b e r s  but it  never  r e a c h e d  the con t ro l  leve l  (Table 1). 
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TABLE 2. Changes in Concentrat ions of E lec t ro ly tes  (in m eq /g  
dry  weight of t issue) and Cateeholamines  (in/~g/g wet weight of 
t issue)  in Gas t rocnemius  Muscle of Guinea Pigs  in the Course  of 
PDP and EAE 

I PDP EAE 

Conl~ol preparalytic stage I late paralytic stage late stage 
Paerram- [ _ _ _  [(10-15 d a y s ) ~ [  (22-45 days.__________~) ~ , _  (15-22 days) 

~ -- .~:~ ~ . M-+m P 0 N •  P 

Po ,,ium I ,  0 3s9-+0 00,1,0 k,0,• 0001<0 00,1 I0 ,,3-o 0 81<0 00,1 10-8-0 0, 1<0 
SOftl.UlTI 9 0 ,059+0,004110 0,092-+0,003<0,001 8 0 , 1 0 6 ; 0 , 0 0 9 < 0 , 0 0 1  11 0,084_____9,0021<0,001 

I I K/.NaratioJ 6,o7 4,38 I I I 4,06 I I I 4,76 I 
Adl 'e ; l '~ l~  n ] 12 0, 084 -+ 0 , 0131 10 10,04l_0,0061<:0,0011 9 10,033___0,0061<0,0t ] l 0  10,179_+0,0221<0,01 
N o t a r i z e D -  12 0,116___0,021 10 0 , 1 1 3 ~ 0 , 0 1 1 > 0 , 5  9 0 ,232_+0 ,037<0 ,02  lo  0,363+.@.0,032<0,00l 

t I I I t I I 
Considering the marked  st imulation of phosphorylase  act ivi ty by ca techolamines  [1] and changes in 

the concentra t ion of the ca techolamines  in the muscles  it was in teres t ing to study the extent to which the 
polar izat ion of the membranes  of  the musc le  f ibers  when para lyzed  in PDP could be changed by the action 
of the sympathomimet ic  drug phenylephrine.  As Table  1 shows, the polar izat ion under the influence of 
phenylephrine did not r each  the normal  level .  This  could be due to the insufficiency of substances ut i l ized 
in the metabol ic  cycles  of the s o d i u m - p o t a s s i u m  pump - h igh-energy  compounds and thiol enzymes [6]. 
An at tempt  was t he r e fo r e  made to r e s t o r e  the normal  MP of the muscle  f ibers  para lyzed  in PDP by in- 
ject ing ATP,  methionine,  cyste ine,  and phosphoenolpyruvic and pyruvic acids.  These  exper iments  showed 
that near ly  all  the prepara t ions  used normal ized  the MP of muscle  f ibers  para lyzed  in PDP.  

In compara t ive  tes t s  on animals  with EAE no changes were  found in the MP of the muscle  f ibers  
(Table 1), despi te  some increase  in the concentra t ions  of adrenalin,  noradrenai in ,  potassium, and sodium in 
the musc le  t i s sue  and a slight dec r ea se  in the K/Na ra t io  (Table 2). 

It can be concluded from this  analys is  of the r e su l t s  as a whole that the cha rac t e r  of the dis turbance 
of the influence of the nervous  sys tem on skeletal  musc le  di f fers  in PDP and EAE. In the f i r s t  d i sease ,  
total  injury to the thick myel inated ne rve  f ibers  evidently leads to changes in the polar iza t ion level  and the 
concentra t ions  of sodium, potass ium,  and ca techolamines  s imi la r  in magnitude to the cha rac t e r i s t i c  changes 
a f te r  denervat ion [3], whereas  in the second d isease  the internodal  demyelination does not exclude thei r  
r egu la to ry  influence on p r o c e s s e s  of e lec t rogenes i s  in the musc le  f ibers .  
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