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At present t ime considerable neurological evidence has accumulated indicating that each relay station in the 
central nervous system is a complex apparatus which not only allows the passage but also regulates the rate of flow 
of impulses. This regulation is exerted as an innate mechanism, and is also subject to influences from other 
levels. Therefore in order to describe the working condition of the apparatus whose function it is to let through or 
to interrupt impulses, the most general functional description will be in terms of the proportion of the incident im-  
pulses which are passed. 

The efferent outlet in the spinal cord is one of a number of specialized systems regulating the rate of flow of 
impulses. Its basic operating portion is built up of motoneurones which transform the train of  impulses into the effer- 
ent outflow. It is known [4, 13, 14] that with orthodromic stimulation of  a motoneurone,excitatory postsynaptic 
potentials (EPSP) may be generated at very high frequency, though the propagated action potentials are generated at 
a relatively low frequency. 

This dissociation is associated with the after-hyperpolarization of the membrane of the motoneurone, which as 
has been shown [16, 17] develops after each action potential.  A considerable proportion of  the after-hyperpolariza- 
tion consists of a secondary hyperpolarization developing as a result of the associated postsynaptic inhibition [17]. 
An important part in this connection is played by the so called antidromic or reverse inhibition which is brought about 
by the Renshaw cells through return collaterals of the axons of the motoneurones [15, 17-19, 23, 25]. The back- in-  
hibition, during which the secondary hyperpolarization is most prolonged, is an important mechanism for restricting 
the frequency of discharge of mononeurones of the tonic apparatus. This special part in the regulation of  activity of 
motoneurones also involves back-inhibit ion which occurs automatical ly after each, and particularly after each mono-  
synaptic discharge of a motoneurone, and affects not only this motoneurone but neighboring motoneurones in the same 
group. Therefore back-inhibit ion is an inherent mechanism for the automatic regulation of the outflow. 

The work of Eccles and his co-workers [11, 17], and that of other authors [6, 12, 27], and our own studies have 
shown that under the influence of tetanus toxin various kinds of postsynaptic inhibition of spinal motoneurones are 

impaired. It appeared therefore thac during the action of tetanus toxin the outflow from any affected segment of the 
spinal cord should be increased. 

The present work was undertaken in order to study the number of  impulses passing through the spinal efferent 
pathway in tetanus. 

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

The conduction through the efferent pathway was estimated in terms of the monosynaptic responses to rhythm- 
ical stimulation of muscle afferents at various frequencies; we used either the tibial nerve, or branches running to 
both heads of the gastrocnemius muscle. Besides monosynaptic we also used polysynaptic stimulation which was 
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A produced either by appropriate increase of s t imulat ion of 

the mixed nerve, or by addit ional  simultaneous s t imulat ion 
of the cutaneous supply to the leg.  The st imuli  were square 
waves at a frequency of 10-200 cycles,  given usually as a 

vol ley  of 10. 

Tetanus toxin was given in a dosage of 1/10. 1/100, 

and 1/200 MLD (for cat) and was in jec ted  into the gastro- 

cnemius muscle.  When the inject ion was given at this site,  
as our previous investigations had shown [5], the toxin enters 

the spinal cord through the ventral  roots of Ia-S r By record-  
ing the potentials  from these roots we were able to determine  

what changes occurred in the outflow from these segments.  

The experiments  were carried out on animals with a 

high spinal transection between C7 and T1;they were under- 
taken 2-6 days after in jec t ion  of the toxin.  Ether anaesthe-  

sia was used only for preparat ion of the animal  and for t ran- 
section of the spinal cord. Other manipulat ions,  and the 

whole exper iment  were carried out without anaesthesia.  To 

record the potentials we used an A .C .ampl i f i e r  having a 

frequency range of 0.a-2000 cycles .  

Altogether we used 30 animals .  

Fig. 1. Production of monosynaptic  reflexes by 

s t imula t ion  of both branches of the nerve to the 
gastrocnemius muscle with st imuli  of various fre-  
quencies, and of ampl i tude  which is op t imal  for 
the e l i c i t a t ion  of  the monosynaptic  response. 
A) Responses on the side into which the tetanus 

toxin had been in jec ted  (ard day after in ject ion of 
1/20 MLD tetanus toxin); B) responses on the 

opposite side. 

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

With rhythmical  s t imulat ion of  the muscle  nerves un- 
der normal conditions, monosynaptic responses were inhib-  
i ted at even quite low frequencies of s t imulat ion (10-20 
st imuli  per second, or less). This result occurred in almost 
every case.  Similar  results have been obtained by other in-  

vestigators [1, 2, 3, 24]. 

Under the influence of tetanus toxin the number of 
monosynaptic refiexes is increased (Fig.  1). However this 
increase is not always very marked.  At a stimulus frequency 
of 100 cycles ,  a more marked increase of monosynaptic  re -  
sponses was found only in 7 out of the 18 cases. We must 
note that in these cases, although the stimulus remained  at 
its previous value,  during the rhythmical  s t imulat ion an ad-  
di t ional  polysynaptic  flow of impulses was found to occur. 

A different  result was observed to be associated with combined mono-  and poIysynaptic s t imulat ion ( s t imula -  
tion of the t ib ia l  nerve with max imum strength). Under these conditions the number of monosynaptic  reflexes was 
great ly  enhanced (Fig.  2). These reflexes were also observed at high stimulus rates of 100-200 per second, and they 

main ta ined  a r e l a t ive ly  high ampl i tude .  This result was found in a l l  cases, but in many of the experiments  the 
monosynaptic  responses were recorded at a stimulus frequency of 300 per second. 

Similar  results were obtained also in exper iments  in which addi t ional  polysynaptic  s t imulat ion was applied by 
s t imulat ion of a cutaneous nerve (Fig.  3). Under these circumstances too, in most cases ( in 5 of the 8 experiments) 

an increased outflow of monosynaptic  responses was observed at a compara t ive ly  high stimulus frequency. 

Thus with rhythmica l  monosynaptic s t imulat ion through the efferent pathway as influenced by tetanus toxin, 
supplementary polysynaptic  s t imulat ion greatty increased the number of  monosynpat ic  reflexes e l i c i t ed .  We must 

note that  s imilar  results have been obtained in our laboratory in experiments  on white rats (V. K. Lutsenko). This 
leads us to suppose that the functional  changes we have found in the system governing the outflow is part of a gen-  

era l  pat tern.  
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Fig. 2. Production of combined mono- 
and polysynaptic responses during max-  
imal stimulation of a mixed nerve by 
stimuli at various frequencies. A) On 
the side of the toxin injection (Sth 
day after the injection of 1/10 MLD); 
B) on the opposite side. Time mark- 
er 20 m seconds; amplitude calibra-  
tion 1 inV. 

Fig. 3. Production of combined mono-  and poly- 
synaptic responses during simultaneous st imula- 
tion of a cutaneous nerve (maximal  stimulus 
strength) and branching of the nerve to the gastro- 
cnemius muscle (strength of stimulation opt imal  
for the production of the monosynaptic reflex. 
A) In an animal infected with local tetanus(6th 
day after injection of 1/10 MLD of toxin); B) in 
a healthy animal.  

From the results reported it can be seen that two mechanisms are responsible for the phenomenon of en-  
hanced monosynaptic reflexes reflecting the increased power of the efferent domain to let through impulses: 1) dis- 
turbance of different kinds of postsynaptic inhibition of motoneurones, and 2) their supplementary postsynaptic ac-  
tivation). 

By itself, el imination of postsynaptic inhibition of the motoneurones due to the influence of tetanus toxin is 
apparently insufficient to produce an effective increase in the number of impulses along the efferent route. Possi- 
bly this result is related to the maintenance of other kinds of regulation of the activity of the motoneurones during 
their rhythmical  orthodromic stimuiation including in particular processes occurring in the presynaptic apparatus 
[1, 3, 9, 13, 24]. 

An important condition of the increase in the number of impulses passed is the additional polysynaptic act iva-  
tion of the motoneurones. By depolarizing the membrane on the one hand this process interferes with postsynaptic 
(hyperpolarization) inhibition, and on the other increases the sensitivity of the membrane to orthodromic monosyn- 
aptic stimuli. Therefore if the passage of monosynaptic impulses appears also to be partially blocked on account of 
presynaptic suppression of the scatter of the impulses transmitted, this mechanism may be compensated by supple- 
mentary depolarization of the membrane brought about by polysynaptic stimulation. If the disturbance of the devel-  
opment of action potentials during rhythmic monosynaptic stimulation occurs in the membrane itself, in its e lec -  
trically excitable part (as seems probable, because during rhythmical  stimulation the EPSPs may be produced at a 
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high frequency) [4, 13, 14], then in this case also supplementary polysynaptic activation will act as a facilitatory 
factor. It is known [8, 9] that supplementary depolarization of the membrane of the motoneurones increases their 
ability to generate action potentials in response not only to rhythmic orthodromic but to direct stimuli. 

A point to note is that under the influence of tetanus toxin there is a marked increase of polysynaptic reflexes 
[6, 11, 12, 27], as is apparent from the results shown here (Fig. 2, A; Fig. 3, A). In such a case polysynaptic stimu- 
lation results in synchronized discharges of which the amplitude attains the level of monosynaptic spikes, and sometimes 
even exceeds such a level. Such polysynaptic activation brings about a very considerable depolarization of the m e m -  
brane of the motoneurones, and establishes particularly favorable conditions for facilitation of the development of 
monosynaptic action potentials during rhythmical afferent volleys. 

A fact which deserves attention is that under the  influence of tetanus toxin polysynaptic afferent volleys which 
normally elicit  a flexor reflex, now facili tate the development of extensor reflexes. This result signifies that the 
afferent systems of the flexor reflex terminate also on motoneurones of the extensors, probably through some kind of 
internuncial link. Normally their influence is not manifested because these same afferents also bring about inhibi- 
tory reactions through internuncial connections. When however the latter are eliminated the excitatory effects are 
revealed. We must note that even Sherrington [26] indicated the possibility of an extensor excitatory component in 
the flow of impulses elicited by stimulation of cutaneous and muscular nerves. In subsequent experiments many 
authors- in  experiments which included a study of the activity of motoneurones-by means of micro-electodes have ob- 

tained results which confirm this hypothesis [28]. 

The results of our experiments show that under the influence of tetanus toxin there is a change in the way poly- 
synaptic reflexes are elicited (see Figs. 2 and 3). It now becomes important to determine whether certain kinds of 
presynaptic regulation of the activity of the motoneurones is involved in the pathological process. Preliminary ac- 
counts have a r e a  @ been published concerning the condition of presynaptic inhibition of motoneurones produced by 

the tetanus toxin [7]. 

Thus the action of the toxin is to increase the flow of efferent impulses from the affected segments of the cord. 
It is not known whether the increased passage of impulses is due to the intermediate activity of groups of motoneu- 
tones contained within the same nucleus, or whether it is due to increase in the frequency of the discharges of each 

motoneurone.  We do know that the action of strychnine is to disturb all kinds of postsynaptic inhibition and to in- 
crease the polysynaptic reflexes [11, 17]; the motoneurones may discharge at a high rate [9, 20, 22]. Very likely 
there is place for both mechanisms (we are currently studying this problem). 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this pezi. 

od ica l  l i t e ra ture  may wel l  be a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  Hs t  o f  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  t h i s  i s s u e .  

1025 


