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Exper iments  on ca t s  with local  te tanus showed that during s t imula t ion  of b r a i n - s t e m  s t r u c -  
tu res  exc i t a to ry  postsyn~pt ic  potent ia ls  (EPSPs~ a re  r eco rded  in motoneurons  of the poisoned 
l u m b o s a c r a l  s egmen t s  of the spinal cord and inhibi tory postsynapt ic  potent ia ls  a re  absent.  
Even if s ingle s t imul i  a r e  applied, potent iated polysynapt ic  EPSPs a re  r eco rded  in the moto -  
neurons,  often culminat ing in action potent ials .  These  ef fec ts  a re  explained by d i s tu rbance  
of inhibi tory m e c h a n i s m s  at the segmenta l  level  under the influence of the tetanus toxin. S h o r t -  
la tency monosynapt ic  descending r e sponses  r ema in  unchanged. The exci tabi l i ty  of the mo to -  
neuron m e m b r a n e ,  m e a s u r e d  by  d i rec t  s t imulat ion,  is unchanged. 

In local tetanus,  in which var ious  types  of segmenta l  pos tsynapt ic  inhibition a re  d is turbed [12], changes 
also take place  in the ef fec ts  of s t imulat ion of medu l l a ry  s t r u c t u r e s  giving descending fac i l i t a to ry  and in- 
h ib i tory  effects  [3, 4, 10, 11]. 

The object of the p re sen t  invest igat ion was to study these  effects  by  record ing  the in t race l lu la r  poten-  
t ia ls  of motoneurons  in the l u m b o s a c r a l  segments  affected by local tetanus.  

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

Cats weighing 2-4 kg were  anes thet ized with pentobarbi ta l  (35-45 mg/kg) .  The animals  were  immo-  
bi l ized with Flaxedi l  and mainta ined on ar t i f ic ia l  r esp i ra t ion .  All opera t ive  p rocedu re s  ( laminectomy, 
opening of the dura  m a t e r ,  divis ion of the roots ,  d i ssec t ion  of muscu la r  nerves)  were  ca r r i ed  out a few 
hours  be fo re  the exper iment .  Potent ia ls  of motoneurons  of the l umbosac ra l  region were  r e c o r d e d  i n t r a -  
ce l lu la r ly  by  g lass  m i c r o e l e c t r o d e s  with a tip l e s s  than 1 tt in d iamete r ,  filled with 3 M po ta s s ium chlor ide  
solution and 0.6 M po ta s s ium sulfa te  solution. The motoneurons  were  identified by  s t imulat ing the nerves  
supplying the gas t rocnemius ,  pe roneus  profundus,  quadr iceps ,  p o s t e r i o r  b iceps  + semi tendinosus  (PBST), 
and p lan tar i s  musc l e s  and a lso  the cor responding  ventral  roots .  Simultaneously,  during s t imulat ion of the 
sup ra segmen ta l  s t r uc tu r e s ,  the dorsa l  su r f ace  potential  of the spinal  cord  was recorded ,  so  that the in te r -  
val between the wave of exci tat ion a r r iv ing  along the descending t r a c t s  and the beginning of the in t race l lu la r  
r e sponses  could be de te rmined .  A s i lve r  ball  e lec t rode  placed on the dorsa l  su r face  of the spinal cord  
c lose  to the point of inser t ion of the in t race l lu la r  m i c r o e l e c t r o d e  was used for this purpose .  To inves t iga te  
the exci tabi l i ty  of the motoneuron  m e m b r a n e ,  square  pulses  of depolar iz ing cu r r en t  (0.1-0.5 msec ,  0.1-1 mA~ 
were  passed  through the in t race l lu la r  m i c r o e l e c t r o d e  [8]. 

The sup ra segm en t a l  s t r u c t u r e s  were  s t imula ted  through b ipo la r  e lec t rodes  with a tip 20-40 p in th ick-  
ness  and in te re lec t rode  d is tance  0.1-0.2 m m .  The e lec t rodes  were  inser ted  s t e reo tax ica l ly  through the 
ce rebe l lum using the coord ina tes  f r o m  Szentagothai ' s  at las .  The following b ra in  s t r u c t u r e s  were  s t imula ted :  
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Fig. 1 Fig. 2 

Fig. i. Responses of flexor motoneuron to stimulation of various nuclei in 
the medulla and pons. Response to antidromic stimulation of nerve to PBST 
(A). Effects during application of a short series of stimuli to the caudal 
nucleus of the pons (B), the nucleus of Deiters (C), and nucleus of the raphe 
(1)). Time marker i0 msec, calibration pulse in A 20 mV, in B-D 5 inV. 

Fig. 2. Responses of extensor motoneuron to paired stimuli applied to lat- 
eral ves t ibu la r  nucleus with in te rva ls  of 6 (~), 4 (B), and 3 (C) mseo  between 
pa i r s .  Top beam r e c o r d s  dorsa l  su r face  potential  of spinal cord.  Bottom 
b e a m  r e c o r d s  monosynapt ic  ves t ibu la r  EPSPs.  T ime  m a r k e r  1 m s e c .  

the caudal nucleus of the pons, the nucleus of Dei ters ,  the gigantocel lular  nucleus ,  the r e t i cu l a r  ven t r i cu la r  
nucleus,  and the nucleus of the raphe  [20]. The posi t ion of the e lec t rode  tip in the bra in  s t r u c t u r e s  was 
ver i f ied  his tological ly  in each expe r imen t  (sections were  stained by  Ni s s l ' s  method). The sys temic  a r t e r i a l  
p r e s s u r e  was r eco rded  in the carot id  a r t e ry .  

Local  tetanus was produced by injection of tetanus toxin in a dose of 0.005-0.02 MLD for  cats  at s e v e r -  
al points into the lef t  ga s t roenemius  and quadr iceps  musc l e s .  When injected by  this  method the toxin reached  
the l umbosac ra l  segments  of the spinal  cord  compara t i ve ly  uni formly  along the cor responding  muscu la r  
nerves ,  and to begin with attacked the s t ruc tu re s  of the ven t ra l  horn [1]. The exper imen t s  were  c a r r i e d  out 
on the 3rd-6 th  day a f t e r  injection of the toxin. 

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

Of  the 100 motoneurons  belonging to f lexors  and ex tensors  studied, s t imulat ion of the medul la  (gigan- 
toce l lu la r  nucleus, ven t ra l  r e t i cu l a r  nucleus,  and nucleus of the raphe) dur ing te tanus poisoning caused the 
appearance  of an inhibi tory postsynapt ic  potential  (IPSP) in on ly  one. In all the r e s t  the re  was no IPSP, and 
instead,  espec ia l ly  in the late  per iods  of poisoning, exc i ta tory  pos tsynapt ic  potent ia ls  (EPSPs) appeared,  
f requent ly  culminating in an action potential  (Fig. 1). 

During s t imula t ion  of De i t e r s '  nucleus,  ex tensor  rnotoneurons a re  ma in ly  faci l i ta ted and f lexor  inhi- 
bited, whe reas  during s t imula t ion  of the caudal nucleus of the pons the opposite re la t ions  a r e  observed  [7, 
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Fig. 3. Responses  of 3 d i f ferent  
motoneurons  to repe t i t ive  (A) and 
single (B) s t imula t ion  of De i t e r s '  
nucleus and to single s t imula t ion  
of gigantocel lular  nucleus (C). T ime  

15, 18]. In tetanus,  however,  as the invest igat ions showed, 
only exc i ta to ry  synapt ic  effects  a re  r e co rded  in the s a m e  moto-  
neuron during s t imulat ion both of the caudal nucleus of the pons 
(Fig. 1B) and De i t e r s '  nucleus (Fig. 1C). A s imi l a r  effeot - the 
appearance  of EPSPs and generat ion of an action potential  in 
the s a m e  motoneuron - also was obse rved  in r e sponse  to s t imu-  
lat ion of the nuclei of the raphe  (Fig. 1D). 

It is ~n in teres t ing  fact  that  monosynapt ic  exc i ta tory  de-  
scending influences undergo no signif icant  change (Fig. 2~. 
They maintained the i r  usual ampli tude (on the ave rage  about 
2 mV), la tency  (less th~n 4 msec) ,  and segmenta l  delay (0.3-1 
msec) .  Polysynapt ic  r e s p ~ s e s  of the motoneuron  were  con-  
s ide rab ly  inc reased  in tetanus.  This was shown by  a sha rp  
i nc r ea se  in the polysynapt ic  components  of the EPSP and also 
in the fact  that  r e sponses  of motoneurons  were  genera ted  with 
a high f requency  of up to 500 / sec  (Fig. 3A). Even in r e sponse  
to a single s t imulus a powerful polysynaptic  EPSP was gene ra -  
ted in the cell, culminat ing in an actio n potential  (Fig. 3B). 
Frequent ly  in r e sponse  to the applicat ion of a single s t imulus 
to the bu lba r  s t r u c t u r e s  a slow depolar iza t ion  wave and mul t i -  
ple d i scharge  could be observed  in the motoneuron  (Fig. 3C), 
just  as during the a~tion of s t rychnine  [6]. 

The effects  of tetanus toxin examined above could not be  
connected with inc reased  exci tabi l i ty  of the motoneuron m e m -  
brane .  Invest igat ions with d i r ec t  s t imulat ion of motoneurons  
by  p a s s a g e  of pulses  of depolar iz ing  cu r ren t  through the i n t r a -  
ce l lu la r  m i c r o e l e c t r o d e  showed that under  these  conditions 
the re  was no d e c r e a s e  in the threshold  of exci tabi l i ty  of the 

m a r k e r  10 mse~.  motoneuron  m e m b r a n e .  This  ag rees  with observa t ions  showing 
that  in tetanus,  at l e a s t  in the e a r l y  s tages  of the d isease ,  the 

ampli tude of the monosynapt ic  r e f l exes  is unchanged [12]. The r e su l t s  suggest  that the changes observed 
a r e  l a rge ly  connected with an i nc r ea se  in the act ivi ty  of the s y s t e m  of in terneurons ,  just as is observed  in 
s t rychnine  poisoning. Attention mus t  a lso  be  d i rec ted  to a fu r the r  c h a r a c t e r i s t i c  fea ture  of the in t racen t ra l  
re la t ions  in tetanus poisoning of the spinal  cord:  under these  conditions the no rma l ly  la tent  or  not un iver -  
sa l ly  detectable  convergence  of exc i t a to ry  vol leys  f r o m  different  sou rces  on the s a m e  motoneuron  was 
c l ea r l y  mani fes ted  (Fig. 3). A s i m i l a r  phenomenon has also been obse rved  in s t rychnine  poisoning [6, 9]. 

The r e su l t s  a re  in ag reemen t  with observa t ions  [13] indicating weakening of inhibi tory postsynapt ic  
potent ia ls  during s t imulat ion of the an te r io r  lobe of the ce rebe l lum in t e t anus  poisoning. 

Special attention mus t  be drawn to the fact  that in local tetanus not only a re  the i n h ~ i t o r y  descending 
influences lost,  but they are  rep laced  by fac i l i t a to ry  effects .  S imi lar  re la t ions  a re  obse rved  when segmenta l  
r e sponses  a re  tes ted  in te tanus [2]. This  genera l  p r inc ip le  can be explained on the assumpt ion  that during 
s t imula t ion  of s t r u c t u r e s  whose s t imulat ion gives r i s e  to inhibition the motoneurons  exper ience  mixed ef-  
fec ts :  both inhibi tory and exc i t a to ry  [2, 5, 6, 14, 16, 17, 19]. Under normal  conditions the inhibitory c o m -  
ponent  is  s t r onge r  than the exci ta tory ,  but  if  the inhibi tory component  is  r emoved ,  the exc i t a to ry  becomes  
mani fes t ;  in addition it is intensif ied through the inc reas ing  polysynapt ic  act ivi ty [2, 3, 4]. 
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