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In expe r imen t s  on cats  in which a fixed t ime interval  s epa ra t ed  i n t r amuscu l a r  injection of tetanus 
toxin and division of the vent ra l  roots ,  the o rde r  of d i sappearance  of var ious  types  of postsynapt ic  inhibi-  
tion of monosynaptic  re f lex  d i scha rges  of motoneurons  for  the ga s t rocnemius  musc le  was studied. Inhibi-  
tion produced by vol leys  of impulses  in cutaneous a f fe ren t  f ibe r s  d i sappeared  f i rs t ,  followed by inhibition 
f r o m  group II musc le  f ibers ,  and l a s t  of all, by d i rec t  inhibition f r o m  group Ia musc le  f ibe r s .  When d i rec t  
inhibition of a t es t  re f lex  produced by single inhibi tory vol leys  appeared  to be comple te ly  suppres sed  in 
the cour se  of development  of tetanus poisoning, it could be detected a f t e r  p r e l i m i n a r y  tetanizat ion of the 
inhibi tory nerve .  

* * * 

Tetanus toxin is known to reach the central nervous system by traveling from its point of formation 
or injection at the periphery along the trunks of muscular nerves and through the ventral roots [2]. The 
method generally used to investigate the various types of postsynaptic inhibition involves division of the 
muscular nerves and ventral roots, interrupting the pathway for the toxin. For this reason the action of 
tetanus toxin on the central nervous system has usually been studied in animals with already developed 
tetanus [1-3, 4]. To examine the disappearance of various types of postsynaptic inhibition in the course 
of development of tetanus, Brooks and co-workers [6] injected tetanus toxin directly into the spinal cord 
or high into the trunk of the sciatic nerve. 

We have examined the complete dynamics of disappearance of various types of postsynaptic inhibi- 
tion after intramuscular injection of tetanus toxin, which most closely approximates to the conditions of 
natural tetanus infection. This could be done by keeping to a strictly definite time interval between injec- 
tion of the toxin and division of the ventral roots. 

EXPERIMENTAL METHOD 

Experiments were carried out on 28 cats. Tetanus toxin in a dose of 2-3 rag/kg body weight was dis- 
solved in 0.5 ml physiological saline and injected into the extensor muscles of the left leg (I mg dried toxin 
contained 800 LDs0 for mice). Under nembutal anesthesia (25 rag/kg) the spinal cord was divided at the 
level TI0-TI2 16 h after injection of the toxin. The ventral roots of segments L6-S 2 were isolated and 
divided 18-20 h after injection of the toxin. The sural nerve (SUR), the peroneous profundus nerve (PP), 
and both branches of the nerve to the gastrocnemius muscle (G) were dissected and divided into the lower 
limbs. After fixation of the animal, the ventral roots of L7 and S I were placed on platinum electrodes for 
monopolar recording of the action potentials. The peripheral nerves were stimulated electrically with 
pulses 0.i msec in duration. The amplitude of afferent volleys entering the spinal cord was determined 
by means of a silver wire electrode in contact with dorsal surface of segment L 7 at the point of entry of 
the dorsal roots on the corresponding side. Because of the considerable duration of the experiment, ex- 
posed tissues were covered with mineral oil (36-38 ~ and irrigated with penicillin solution. Penicillin was 
also injected intramuscularly (100,000-200,000 units). Inhibition was investigated by Lloyd's method [I0], 
i.e., the action of conditioning volleys of impulses was studied on the magnitude of maximal monosynaptic 
test reflexes arising in the ventral roots in response to stimulation of the nerve to the gastrocnemius 

muscle. 
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Fig. 1. Disappearance of different types of pos t -  
synaptic inhibition of monosynaptic ref lexes during 
development of tetanus. Numbers  above graph 
show time after  injection of tetanus toxin. SUR 
column shows changes in amplitude of tes t  ref lexes 
during the action of conditioning volleys caused 
by stimulation of SUR by single stimuli three 
t imes  above threshold strength.  PP  column shows 
the same during the action of conditioning volleys 
caused by stimulation of PP  with single stimuli 
1.9 t imes above threshold strength.  Abscissa ,  
t ime between a r r iva l  of conditioning and test  
volleys in spinal cord  (in msec),  ordinate, ampl i -  
tude of maximal monosynaptic test  G reflexes in 
ventral  root  S t (in percen t  of control),  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The experimental  resul ts  given in Fig. 1 show the charac te r i s t i c  order  of disappearance of the dif- 
fe rent  types of postsynaptic inhibition during the development of local tetanus. The inhibitory action of 
volleys of afferent  impulses evoked by stimulation of the cutaneous nerve SUR and the muscular  nerve PP  
on monosynaptic reflex d ischarges  in the ventral  roots  of segment  S~ in response  to st imulation of nerve 
G was investigated. A single conditioning volley in f ibers  of SUR on the side of injection of toxin and 26 h 
15 min af ter  its injection had a marked inhibitory action on the monosynaptic test  G reflex. In subsequent 
tes ts  28 h 45 rain and 30 h 10 rain af ter  injection of the toxin, this inhibition p rogress ive ly  diminished. By 
32 h the inhibition had completely disappeared and was replaced by slight facili tation of the test  response,  
and this had increased  39 h af ter  injection of the toxin. On the control side (Fig. 1, below) inhibition of the 
tes t  G reflex by volleys of impulses in afferent  f ibers  of SUR remained deep throughout the experiment.  

Para l le l  with the type of postsynaptic inhibition mentioned above, inhibition of maximal monosynaptic 
G ref lexes  by single volleys of afferent  impulses in f ibers  of the PP  nerve supplying antagonist muscles of 
the same joint was investigated. The s t rength of the conditioning stimulus was maximal for  group I afferent  
f ibers  and, consequently, it was above threshold for group II muscle afferent  f ibers [9, 10]. As Fig. 1 shows, 
27 h af ter  injection of the toxin, two waves of inhibition of the tes t  G reflex were present  on the tetanus 
side: the f irst ,  a wave of rapidly increas ing inhibition reaching a maximum at an interval of 1 msec be-  
tween a r r iva l  of the conditioning and test  volleys in the spinal cord, and a second wave Of inhibition with a 
maximum in the interval of 4-6 msec.  In the general ly  accepted view the f i rs t  wave is charac te r i s t i c  of 
d i rec t  inhibition f rom group Ia afferent  f ibers of nerves  supplying antagonist  muscles,  while the second 
wave is due to the action of volleys of impulses in thinner afferent  f ibers  of muscular  nerves,  group II 
f ibers  [5, 10]. On the tetanus side (Fig. 1), s tar t ing 27 h af ter  injection of the toxin, inhibition of the tes t  
G ref lex p rog res s ive ly  decreased  at all intervals  between conditioning and test  volleys.  By 32 h 10 rain 
af ter  injection of the toxin, when inhibition f rom the cutaneous f ibers bad completely disappeared, marked 
inhibition was still p resent  f rom the group I and TT afferent f ibers  of PP.  These las t  two types of inhibi- 
tion were  reduced still fur ther  36 h 15 rain af ter  injection of the toxin, at a time when impulses f rom the 
cutaneous nerves  were producing facili tation of the monosynaptic G reflex. Finally, 39 h 10 rain af ter  in- 
jection of the toxin, inhibition f rom the group I / f i b e r s  was completely abolished and replaced by slight 
facil i tation in the interval of 2-8 msec between ar r iva l  of the conditioning and test volleys in the spinal 
cord.  Direct  inhibition at this t ime was less  than 36 h 15 min af ter  injection, although not completely abol- 
ished. On the control  side (Fig. 1, below) the inhibitory action of afferent volleys in PP  on monosynaptic 
G ref lexes  was substantial ly unchanged throughout the experiment.  
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Fig. 2. Pos t te tan ie  potentiat ion of d i rec t  inhibition during 
development  of te tanus.  A, B) Di rec t  inhibition tes ted  
without p r e l i m i n a r y  tetanizat ion of conditioning nerve  PP  
on tetanus and control  s ides respec t ive ly ;  C, D) magn i -  
tude of t es t  r e f l exes  with an in terval  of i msec  between 
a r r i v a l  of conditioning and t e s t  vol leys  in spinal  cord,  
10 see  a f t e r  p r e l i m i n a r y  tetanizat ion of PP .  Number s  
on cu rves  in A and C and by points in B and D show t imes  
a f t e r  injection of toxin (in h). Absc i s sa ,  t ime between 
moments  of a r r i v a l  of conditioning and tes t  vol leys  in 
spinal  cord  (in msec) ;  ordinate,  ampli tude of maximal  tes t  
monosynapt ic  G re f l exes  in vent ra l  root  S 1 (in pe r cen t  of 
control) .  R e m a i n d e r  of explanation in text.  

The d i rec t  inhibi tory action of vol leys  of impulses  in group Ia a f fe ren t  f ibe r s  can be s t rengthened by 
p r e l i m i n a r y  te tanizat ion of these  f ibe r s  [11]. One of the 8 expe r imen t s  in which post te tanic  potentiat ion of 
d i rec t  inhibition was invest igated during development  of tetanus poisoning is i l lus t ra ted  in Fig. 2. On the 
te tanus  side (Fig. 2A), s t a r t ing  f r o m  24 h a f t e r  inject ion of the toxin, both the d i rec t  inhibition and inhibi- 
tion produced by a volley of impu l ses  in the group II a f fe ren t  f i be r s  of l~p were  p r o g r e s s i v e l y  reduced.  
Inhibition f r o m  group II f ibe r s  was r ep laced  32 h a f t e r  injection of the toxin by marked  facili tation, w h e r e -  
as  d i rec t  inhibition sti l l  pe r s i s t ed ,  although v e r y  weak.  Di rec t  inhibition of the monosynapt ic  G ref lex  was 
comple te ly  abol ished 37 h a f t e r  inject ion of the toxin, while faci l i tat ion of the t e s t  r e sponse  by volleys of 
impu l se s  in the group II a f fe ren t  f ibe r s  was inc reased .  Evolution of these types of inhibition on the control  
side (Fig. 2C) could not be compared  with that  on the tetanus s ide.  The magnitude of d i rec t  inhibition of 
maximal  monosynapt ic  G re f l exes  produced by single vol leys of impulses  in a f fe ren t  P P  f ibers  10 sec a f -  
t e r  te tanizat ion of t)P, given fo r  15 sec  with s t imul i  3 t imes  over  the threshold  s t rength  and at a f requency 
of 3 0 0 / s e c ,  is i l lus t ra ted  in Fig. 2D (control side).  If inhibition of the t e s t  G re f lexes  in Fig. 2C (without 
p r e l i m i n a r y  tetanizat ion of t)P) is  com pa red  with inhibition in_Fig. 2D, it will be c lea r  that the ampli tude 
of the t e s t  re f lex  for  an in terval  of 1 msec  between a r r i va l  of the conditioning and tes t  vol leys  in the spinal 
cord  in Fig. 2C (38 h a f t e r  injection of the toxin) was  reduced by 53% below the control  level,  whereas  in 
Fig. 2D, when the in terva l  was  the same,  it  was  reduced by 68%. In the same  way, pos t te tanie  potentiat ion 
of d i r ec t  inhibition on the tetanus side is i l lus t ra ted  in Fig. 2A and B. When, 37 h a f t e r  injection of the 
toxin, d i rec t  inhibition tes ted  without p r e l i m i n a r y  te tanizat ion of P P  had a l r eady  comple te ly  d i sappeared  on 
the te tanus side (Fig. 2A), it was sti l l  found a f t e r  p r e l i m i n a r y  te tanizat ion of Pl  ) and amounted to approx i -  
mate ly  25-27% (Fig. 2}3). 

In conjunction with the r e s u l t s  of p rev ious  invest igat ions [2, 3, 6, 7], the r e su l t s  of these  expe r imen t s  
show that tetanus toxin ef fec t ively  s u p p r e s s e s  di f ferent  types of pos tsynapt ic  inhibition of monosynapt ic  r e -  
f lexes .  It  a l so  follows f r o m  these  expe r imen t s  that  the d i sappearance  of all  the inves t igated types of pos t -  
synapt ic  inhibition s t a r t s  at about the s a m e  t ime  a f t e r  injection of the toxin and inc rea se s  along a pa ra l l e l  
cou r se  for  a r e l a t ive ly  long t ime  in te rva l .  The f i r s t  to d i sappear  is inhibition of monosynapt ic  re f lexes  
caused  by vol leys  of impulses  in af ferent  f i be r s  of the cutaneous ne rve  SUR, followed by inhibition f r o m  
group II a f fe ren t  f ibe r s  of the PP nerve,  and finally, d i rec t  inhibition. In the course  of development  of 
te tanus  poisoning, the inhibi tory act ion of vol leys  of impu l ses  in cutaneous a f fe ren t  f ibe r s  and group II 
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muscle  a f ferent  f ibers  is rep laced  by facil i tat ion.  The regula r  o rde r  of disappearance of the inhibitory ac-  
tion of volleys of impulses  in SUR and PP  on moncsynaptic G re f lexes  descr ibed  above and ~ts t r an s fo rma-  
tion into a fac i l i ta tory  act ion during the development  of tetanus may be due to di f ferences  in the number of 
inhibi tory and exc i ta tory  f ibers  in these nerves  or  to d i f ferences  in the anatomical distribution of endings 
of inhibi tory neurons.  

These resu l t s  show that d i rec t  inhibition, a f te r  its complete abolition during development of tetanus 
poisoning, can be la rge ly  r e s t o r e d  by p re l imina ry  tetanizat ion of the conditioning nerve.  In accordance with 
modern  views, rhythmic activity of presynapt ic  endings leads to an increase  in the probabil i ty of l iberat ion 
of media tor  contained in them [8]. Such a mobilization of media tor  in inhibitory synapses evidently takes 
place against  the background of act ion of tetanus toxin which, i t  is considered [6], blocks the l iberat ion of 
inhibi tory media tor  f r o m  axon endings of inhibi tory neurons .  
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