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botulism; in te rcos ta l  musc le s ;  res t ing  m e m b r a n e  potential;  action potent ial .  

Pa t ien ts  with botulisn~l usual ly  die because  they develop pa ra ly s i s  of the r e s p i r a t o r y  m u s c l e s  and an 
asphyxia  syndrome  [7]. Ar t i f i c ia l  venti lat ion of the lungs can prevent  them f rom dying, but spontaneous 
r e sp i r a t i on  is not always r e s t o r e d  under  these  conditions [6]. The r eason  is evidently that in botul ism m o s t  
of  the ne rve  cel ls  in the m o t o r  nuclei innervating the r e s p i r a t o r y  m u s c l e s  a r e  damaged and dystrophic  changes 
develop in the r e s p i r a t o r y  m u s c l e s  t h e m s e l v e s .  

Since botulinus toxin (BT) se lec t ive ly  in jures  phasic  motoneurons ,  e spec ia l ly  in a s ta te  of  functional 
act ivi ty [4], it was decided to study how the functional s ta te  of the phasic f ibers  of the ex te rna l  and internal  
in te rcos ta l  musc l e s ,  which no rma l ly  differ  in the i r  degree  of m o t o r  act ivi ty,  is changed in pa ra ly s i s  due to 
botul ism.  

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

Male Wis ta r  r a t s  weighing 180-200 g were  used. Under s t e r i l e  conditions and pentobarbi ta l  anes thes ia  
(40 m g / k g  body weight) the in te rcos ta l  m u s c l e s  of the 2nd-4th in te rcos ta l  spaces  were  exposed and BT was 
in jec ted  into them in a sublethal  dose of 200 mouse  MLD (1 MLD fo r  m i c e  is 0.0005 mg  of dry  BT), a f t e r  which 
the wound was su tured  in l a y e r s .  The  an imals  were  used in the acute expe r imen t s  at var ious t imes  (3-4 and 
i1 -12  days) a f t e r  poisoning, when  local  uni la tera l  p a r a l y s i s  of the in te rcos ta l  m u s c l e s  had developed, in the 
absence  of any signs of  ex te rna l  r e s p i r a t o r y  fa i lure .  The r a t s  were  anes the t ized  with pentobarbi ta l ,  the 
cor responding  in te rcos ta l  spaces  were  exposed,  the in te rcos ta l  m u s c l e s  were  s t re tched ,  and the r ibs  fixed. 
The skin sur rounding  the wound was fo rmed  into a bath which was filled with w a r m  (37~ m i n e r a l  oil .  A g lass  
m i c r o e l e c t r o d e  with a tip about 1 • in d i ame te r ,  filled with 2.5 M KCLsolu t ion  ( res i s tance  5-15 Mg),  was in-  
s e r t e d  by means  of a m i c r o m a n i p u l a t o r  into the f ibers  of the in te rcos ta l  m u s c l e s  and connected to the input 
of cathode fol lower ,  incorpora ted  in a br idge c i rcu i t  [1]. In t r ace l lu l a r  s t imulat ion was applied through the 
s a m e  e lec t rode  with square  pulses  of constant  cu r r en t  (pulse duration 50 m s e c ,  cu r r en t  1-30 nA). The res t ing  
m e m b r a n e  potential  (RMP) and action potential  (AP) were  photographed f rom the s c r e e n  of the CRO by means  
of an FOR-2  c a m e r a .  

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

A s the r e su l t s  in Table  1 show the externa l  and in ternal  in te rcos ta l  m u s c l e s  contain f ibers  with different  
e lec t rogenin  p r o p e r t i e s .  The re la t ive  pe rcen tages  of the different  f ibers  was not the s ame  in the in te rcos ta l  
musc l e s :  The f rac t ion  of f ibers  with high R1VfP was c l ea r l y  much  higher  in the in ternal  in te rcos ta l  m u s c l e s .  

In botul ism the e lec t rogen ic  p rope r t i e s  of  the f ibers  and the re la t ive  propor t ions  of  di f ferent  types  of  
f ibers  do not change at once.  By the 4th day a f t e r  poisoning, when p a r a l y s i s  was due to a d is turbance  of 
t r a n s m i s s i o n  in the cen t ra l  s egmen t  of the re f lex  arc  [2], changes were  min ima l  and cons is ted  of m e r e l y  a 
sma l l  i nc rea se  in m e m b r a n e  exci tabi l i ty  of all  types of  f ibe r s .  A different  p ic ture  was obse rved  on the 12th 
day a f t e r  poisoning, i .e.,  at  t imes  of development  of neurodegenera t ive  changes in motoneurons  [3]. Table  1 
also shows that  normal iza t ion  of e lec t rogenic  p r o p e r t i e s  was vi r tual ly  complete  in groups  of f ibers  with low 
and ave rage  RMP, whereas  in the group of f ibers  with high RMP the d is turbances  p rog re s sed ,  espec ia l ly  in 
the ex te rna l  in te rcos ta l  musc l e s :  T h e m e a n  level  of HMP fell  and depolar iz ing cu r ren t s  of  30 nA did not 
in@ace AP genera t ion.  
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TABLE 1. E lec trophys io log ica l  Charac ter i s t i c s  o f  F ibers  of  External  and Internal Inter-  
cos ta l  Musc l e s  in Rats with the Local  F o r m  of  Botu l i sm (M �9 m) 

Experimental 
conditions 

Control 

Fibers 

With 
low RMP 

With average 
RMP 

With high 
RMP 

Intercostal 
muscle 

External 
Internal 
External 
Internal 
External 
Internal 

RMP, mV 

54,04-2,0 
56,7~2,5 
73,2+___0,9 
71,7--+-0,9 
97,44-1,1 

113,4 4-2,2 

65 
35 
45 
64 

% AP, mV 

19 54,1~1,6 
60,1+1.7 

49 82,1 ~2,0 
33 91,6++2,7 
32 99,4• 
61 114,5~1,2 

Rheobase 
current, nA 

19,1~l,4 
20,14-1,4 
26,3~0,8 
21,44-1,6 
16.8~4,2 
26,1~1,I 

Critical level ' 
of depolariza- 
tion, mV 

12,4~0,5 
16,4~1,7 
15,1~9,9 
18,3~1,9 
19,2~0,9 
19,2~1,4 

19 
5 

14 
19 
12 
19 

4th day of 
paralysis 

with 
low RMP 

with average 
RMP 

With high 
RMP 

External 
Internal 
External 
Internal 
External 
Internal 

52,1 ~4,3 
52,7+__2,6 
70,44-1,3 
69,2+_1,4 
91,3+4,7 
97,3~4,1 

20 42 
25 36 
24 31 
28 55 

59,2~i ,9 
60,2~1,9 
79,3+__3,5 
86,4~5,2 
9! ,6+1,8 

114,2+_2,6 

6,2+1.2* 
10,7~1,2" 
8,1+__4,3" 
9,1~1,4" 
7,9~1,6* 

10,4~1.2' 

7,0+0,6" 
18,4~0,6 
7,1~I,0" 

18,7~0,9" 
8,4_1,2" 

18,7~0,5 

13 
6 

19 
13 
16 
[9 

12th day of With External 46,1-+-1,0 51 40 53,1~0,9 22,0-t-1,3 16,1~3,0 
paralysis low RMP Internal 53,1 ~1,4 13 15 57,14-1 ,6  29,1~0,8" 22,1~1,9 

With average External 66,8~-1,0 26 45 68,4~-2,6" 28,770.7 18,4• 
RMP Internal 70,9~l,6 44 52 90,0~-1 ,3  2 8 , 1 ~ - 1 , 4  26,14-1,4" 

with high External 85,1+1,3' 19 I5 -- 30_0 
RMP Internal 92,4+1,6" 28 33 107,77~1,4 29,3~0,5 24,3~2,1 

Legend. RMP levels of f ibers  with low RMP under 59 mV, average RMP 60-79 mV, and 
high RMP o v e r  80 mV; *P < 0.05. 

21 
14 
26 
14 
'4 
18 

Changes  in the  i n t e r n a l  i n t e r c o s t a l  m u s c l e s  w e r e  l e s s  m a r k e d  and  the  m u s c l e  f i b e r s  g e n e r a t e d  A P s  in 
r e s p o n s e  to  d e p o l a r i z i n g  c u r r e n t s .  

T h e  change  in the  func t iona l  p r o p e r t i e s  o f  d i f f e r e n t  t y p e s  o f  f i b e r s  of  the  i n t e r c o s t a l  m u s c l e s  in b o t u l i s m  
thus  r e s e m b l e s  to  s o m e  ex ten t  the  changes  d e s c r i b e d  in o t h e r  p a r t s  o f  the  s k e l e t a l  m u s c u l a t u r e  [5]. T h e s e  
c h a n g e s  a r e  e v i d e n t l y  the  r e s u l t  of  d e v e l o p m e n t  o f  i n j u r y  and d e g e n e r a t i o n  in t he  r e s p i r a t o r y  m o t o n e u r o n s  
whose  c h a r a c t e r i s t i c s  r e s e m b l e  t h o s e  of  the  p h a s i c  m o t o n e u r o n s  o f  t he  a n t e r i o r  h o r n s  of  the  s p i n a l  c o r d .  
The  f ac t  t ha t  the  changes  w e r e  m o r e  s e v e r e  in the  e x t e r n a l  i n t e r c o s t a l  m u s c l e s  than  in  the  i n t e r n a l  can  p r o b -  
ab ly  be e x p l a i n e d  on the  g r o u n d s  tha t  m o t o n e u r o n s  of  t he  f o r m e r  a r e  m o r e  a c t i v e ,  and th i s  p r e d i s p o s e s  t h e m  
to i n j u r y  by  B T .  
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