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Vent ra l  root  potent ials  of segments  LT-S I and e l ec t r i c a l  act iv i ty  of s ingle neurons in these  s a m e  
segmen t s  of the spinal  cord  were  invest igated in ca ts  with local  botu l i sm.  Development  of mild  pa r e se s  
of the affected l imb was accompanied  by a d e c r e a s e  in ampli tude of the monosynapt ic  v e n t r a l - r o o t  poten-  
t ia ls  and by loss  of abi l i ty  of some  motoneurons  to genera te  monosynapt ic  action potent ia ls .  La te r ,  as 
comple te  pa ra lys i s  developed,  loss  of mono-  and polysynaptic  r e f l ex  d i scharges  a s soc ia t ed  with a sha rp  
d e c r e a s e  in exci tabi l i ty  of the ~ -m o t oneu rons  was observed .  The la t te r  lose the i r  abil i ty to genera te  a c -  
tion potentials  in r e s pons e  to synapt ic  and ant idromic  s t imulat ion.  During invest igat ion of the background 
and evoked e l ec t r i ca l  act iv i ty  of in terneurons  no v is ib le  changes were  found in the i r  functional s ta te  in 
e i ther  the ea r ly  or  late s tages  of expe r imen ta l  botu l i sm.  

The r e su l t s  indicate se lec t ive  damage  to the spinal  cord  ~ -motoneurons  by botulinus toxin. 

We have prev ious ly  shown [5] that  s imp le  and complex  spinal  re f l exes  a r e  blocked in botul ism.  Ac-  
t ivi ty of the spinal  moto r  cen te r s  is lost  f i r s t ,  and this is followed as a r e su l t  of degenera t ive  p r o c e s s e s  
in the ne rve  t runk by d i sappearance  of phasic  and p r e s e r v a t i o n  of tonic nervous  influences on the ske le ta l  
musc l e s  [5, 6]. 

Because  of these  r e su l t s  it was in te res t ing  to de te rmine  changes in the functional s ta te  of spinal  
cord  neurons of different  types in the cou r se  of exper imenta l  botu l i sm.  

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

Exper iments  were  c a r r i e d  out on cats  weighing 2.5-3.5 kg, some  of which were  healthy and the r e s t  
poisoned with type A botulinus toxin (1 MLD for  mice  is equivalent to 0.00001 mg of the dr ied toxin), in-  
jected i n t r amus cu l a r l y  in a dose of 0.3-0.4 m g / k g  in R inge r ' s  solution into one hind l imb. P a r a l y s i s  of the 
affected l imb developed 72-96 h a f t e r  injection of the toxin. Invest igat ion of evoked e l ec t r i ca l  act ivi ty  of 
the ven t ra l  roots  and of single neurons of the spinal  cord  was c a r r i e d  out on the side of injection and on 
the intact  side 24, 48, 72, and 96 h a f t e r  injection of the toxin. Spontaneous act ivi ty  of the in terneurons  
was invest igated agains t  the background of the developing para ly t ic  synd rome  of the affected l imb at the 
s tage  of ea r ly  (4-5 days a f te r  poisoning) and late p a r a l y s i s  (14-16 days a f t e r  poisoning). 

Recording  of the ven t ra l  root  potentials  and in t race l lu la r  record ing  of the action potentials  {AP) of 
s ingle spinal  c o r d  neurons were  c a r r i e d  out by the usual methods [2, 4, 8]. Motoneurons were  identified 
by the i r  an t id romic  and monosynapt ic  AP genera ted  in r e sponse  to s t imulat ion of l imb nerves :  ne rves  to 
the gas t rocnemius  musc le ,  pos t e r io r  t ibial  and peroneal  ne rves .  

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

The invest igat ions showed that changes in e l ec t r i ca l  act iv i ty  of the ven t ra l  roots  of the spinal  cord  
appea r  in the p repa ra ly t i c  s tage  of botulinus poisoning. They cons i s t  of a dec r ea se  in ampli tude of the 
monosynapt ic  potentials  to 1.03 �9 0.2 mV (P < 0.001) c o m p a r e d  with the control  (1.74 * 0.07 mV). As a 
rule  the ampli tude of the polysynaptic d i scharges  was indist inguishable f r o m  the control  r e su l t s .  Develop-  
ment  of pa ra lys i s  of the affected l imb was accompanied  by total  loss  of the ven t ra l  root  potentials  on the 
side of injection of the toxin. 
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Fig. 1 Fig. 2 

Fig. 1. Responses of motoneurons to monosynaptic and antidromie 
st imulation in local botulinus poisoning. A: 1) Monosynaptic AP of 
motoneuron in nucleus of nerve to gas t rocnemius  24 h after injec-  
tion of toxin; 2) monosynaptic EPSP of motoneuron in nucleus of 
nerve to gas t rocnemius  48 h after  poisoning; B: 1) antidromic AP 
of motoneuron in nucleus of pos te r io r  tibial nerve 24 h af ter  poison-  
ing; 2) IS-component of antidromic AP of motoneuron of pos ter ior  
tibial nerve 72 h after  in t ramuscular  injection of botulinus toxin. 
Calibration: amplitude 25 mV, t ime marke r  500 / sec .  
Fig. 2. Elect r ica l  activity of spinal cord interneurons against  a 
background of botulinus paralysis  of one hind limb (96 h af ter  injec-  
tion of toxin, affected side}. A) Evoked discharges of interneurons;  
B) severa l  types of spontaneous activity of interneurons.  Ca l ib ra -  
tion: amplitude 25 mV, t ime marke r  50 msee.  

Because of these resul ts ,  in the next ser ies  of experiments, changes in the functional state of single 
spinal cord  motoneurons were studied by means of microe lec t rodes  at t imes when the generation of ven-  
t ra l  root  potentials was disturbed. The functional state of the motoneurons on the side of injection of the 
toxin showed no change f rom the control  24 h after  injection, before the appearance of cl inical  manifes ta-  
tion of poisoning. Later  48 h after  in t ramuscular  injection of the toxin as pareses  of the muscles  of the 
affected limb developed, significant dis turbances of the AP of individual motoneurons were found. About 
one-third of the monosynaptically st imulated motoneurons generated only an exci tatory postsynaptic po-  
tential (EPSP) of amplitude just below threshold (Fig. 1). The remainder  of the motoneurons under the 
influence of this type of st imulation generated AP s imi lar  in amplitude to the control .  

In the preparalyt ic  stage of experimental  botulism, besides a decrease  in amplitude of the ventral  
root  monosynaptic spikes,  one- thi rd  of the motoneurons showed defects in the synaptie mechanisms of 
EPSP generation. Most motoneurons at this stage of poisoning remained capable of AP generation i r -  
respect ive  of the type of stimulation. 

Against the background of paralys is  of the affected limb 72 h after  poisoning we found that the ability 
of the motoneurons of the affected motor  nuclei to become excited synaptical ly was a lmost  completely lost. 
The number of motoneurons capable of antidromic excitation also was considerably reduced and most  of 
them generated only the IS-component of the spike (Fig. 1}. With the dose of toxin chosen, a full range of 
movements was preserved  on the intact side and the e lect r ical  activity of the motoneurons was unchanged. 

More profound injury to the motoneurons was discovered 96 h after  injection of the toxin: only a few 
motoneurons responded to antidromic stimulation by an IS-component.  No AP were  generated either when 
the s trength of stimulation was increased or when the type of st imulation was changed: At this stage of 
poisoning changes were also found in the activity of motoneurons on the opposite side: about 10% of the 
monosynaptically st imulated motoneurons generated only EPSP instead of AP. However, these changes 
were  not significantly ref lected in the range of limb movements  on the intact side. 
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TABLE 1. Dist r ibut ion of Spontaneous Activity of Spinal Cord  In terneurons  by C h a r a c t e r  of Rhythm and 
Frequency of Discharges  in Healthy Animals  and Animals  Poisoned with Botulinus Toxin (in percen t  of 
total  number  of r eco rded  neurons) 

Ser ies  of 
exper imen t s  

Control  
Botulinus 
poisoning 

Ear ly  
pa ra lys i s  

Late 
pa ra lys i s  

Side of in- c~ 

vestigation 

~D 

0 

P a r a l y z e d  

Intact  

P a r a l y z e d  

Intact  

9.8 
5.0 

10.0 

8.6 

9.7 

The durat ion of the la tent  per iod during an t idromic  and or thodromic  s t imulat ion was not s ignif icant ly 
changed at all  s tages  of botulinus poisoning. 

It  can be concluded f r o m  these  r e su l t s  that the appearance  of p a r e s e s  and pa ra ly se s  in botu l i sm is 
a s soc ia ted  with p r o g r e s s i v e  injury to the a - m o t o n e u r o n s  of the spinal  cord.  The fact  that in p repa ra ly t i c  
s tages  of botulinus poisoning there  is d issoc ia t ion  between toxic damage  to the p r o c e s s e s  of monosynapt ic  
and polysynaptic  excitat ion of the motoneurons  can be explained by d i f ferences  in the location of synaptic  
s t r uc tu r e s  respons ib le  for  these  p r o c e s s e s  on the soma  and dendri tes  [7]. 

Because  of the impor tan t  ro le  of spinal  co rd  in terneurons  in maintenance of the opt imal  level  of ex-  
c i tabi l i ty  of the moto r  cen te r s  of the spinal  cord  [3], the next s tage  of this invest igat ion was to d i scover  
whether  the dec r ea s e  in exci tabi l i ty  of the spinal  cord  motoneurons  in botu l i sm is connected with changes 
in spontaneous and evoked act ivi ty  of the in terneurons  in the affected segments  of the spinal  cord.  

As a f i r s t  s tep we invest igated the spontaneous spike act ivi ty  of in terneurons  in segments  L 7-S~ of 
the spinal  cord  of healthy animals  and of an imals  rece iv ing  injection of botulinus toxin. As Table  1 shows,  
the spontaneous ac t iv i ty  of mos t  r eco rded  in terneurons  in both the ea r ly  and late s tages  of the para ly t ic  
synd rome  cons is ted  of i r r e g u l a r  spindle d i scha rges .  The f requency of the d i scharges  usually r ema ined  
s table  during r eco rd ing  and it va r i ed  in individual neurons  f r o m  2 to 1 5 0 / s e c ,  m o s t  commonly  being 10- 
3 0 / s e c .  The spontaneous act ivi ty  of some  in terneurons  was c h a r a c t e r i z e d  by grouped d i scharges  (Fig. 2, 
B). The l a r g e s t  number  of neurons  possess ing  spontaneous act ivi ty  was r eco rded  in the region of the 
p o s t e r i o r  horns  and in te rmedia te  zone of the g ray  m a t t e r  of the spinal  cord.  If the distr ibution of spon ta -  
neous spike act ivi ty  is c o m p a r e d  by the c h a r a c t e r  of the rhy thm and f requency of the genera ted  d i scharges  
in the exper imen ta l  and healthy control  cats  and cons idera t ion  is paid to data in the l i t e r a tu re  [4], it will 
eas i ly  be seen  that the spontaneous act ivi ty  of the in terneurons  is not v is ib ly  changed in expe r imen ta l  
botu l i sm.  Consequently,  ne i ther  the synapt ic  m e c h a n i s m s  respons ib le  for  excitat ion of spontaneously d i s -  
charging  in terneurons  nor  the abil i ty of these  in terneurons  to genera te  action potentials  is s ignif icant ly  
d is turbed as a r e su l t  of the action of botulinus toxin. 

The study of evoked act ivi ty  of the in te rneurons  showed that both in healthy animals  and in those 
poisoned with botulinus toxin in the p repa ra ly t i c  and para ly t i c  s tages  of poisoning, AP were  genera ted  a f -  
t e r  dif ferent  latent  per iods  (2.2-27 msec)  and they va r i ed  cons iderab ly  in ampli tude (20-67.5 mV). The 
d i scharges  we re  mainly  grouped,  the f requency of the groups and the number  of spikes  in the d ischarge  
vary ing  within wide l imi ts ,  r each ing  highest  values  in r e f l ex  d i scharges  of the Renshaw cel ls  ( f requency 
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up to 1440/sec, number of impulses in discharge up to 24; Fig. 2, A). Similar variability of responses of 
spinal cord interneurons has been observed by other worke r s  [1, 2, 4, 9-11]. 

The results thus demonstrate the absence of a pathogenic action of botulinus toxin on the interneuron 
system. This confirms the conclusion that in botulism the paralytic syndrome arises as a resul t  of se lec-  
tive damage to the a-motoneurons of the anterior horns of the spinal cord. 
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