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Rats  were  fatigued by making them swim for  40 min with a load equal to 1/11 of the i r  body 
weight. Some of the an imals  rec ieved  an injection of tetanus toxin in a dose of 0.05 MLD 
into the m us c l e s  of the left leg 30 or  72 h before  the exper iment  began.  The RNA content 
in the cy top lasm of the spinal  motoneurons  was de te rmined  by cy tospec t ropho tomet ry  in 
UV light. Physica l  exer t ion of this type was found to reduce  the RNA content in the cyto-  
p l a sm of motoneurons  of healthy ra t s  substant ia l ly .  The development  of this change was 
prevented  by injection of tetanus toxin, which abol ishes  inhibition of motoneurons .  It is 
concluded that the inhibi tory synaptic  action lowers  the RNA content in the act ivated 
neurons .  

To unders tand the metabol ic  bas i s  of neuron function it is important  to know the in t imatephys io logica l  
p r o c e s s e s  with which changes in me tabo l i sm of neuronal  RNA are  connected.  The object  of this inves t iga-  
t ion was to d e t e r m i n e  the re la t ionship  between changes in RNA content and the c h a r a c t e r  of synaptie  in-  
f luences in a pos tsynapt ic  neuron.  F o r  this  purpose ,  spinal  motoneurons  were  act ivated na tura l ly  (by phys i -  
cal  exertion) under  no rm a l  conditions or  in tetanus poisoning, in which conduction is blocked in inhibitory 
synapsis  [5-7]. At var ious  s tages  of local te tanus,  the increased  af ferent  flow due to physica l  exer t ion thus 
took place against  the background of developing blocking of inhibitory synaptic effects .  

EXPERIMENTAL METHOD 

Experiments were carried out on 40 albino rats (sexually mature males) weighing 180-220 g. In the 
experiments of series I the rats were forced to swim in water warmed to 33-34~ carrying a load equal 
to ~ll of their body weight. The mean duration of swimming before submersion was 50" 7 min, according 
to observations on 20 rats. The animals for cytochemioal analysis were killed by decapitation 40 rain after 
the beginning of swimming. In the experiments of series II and III tetanus toxin (batch 587, N. F. Gamaleya 
Institute of Epidemiology and Microbiology, Academy of Medical Sciences of the USSR) was injected in a 
dose of 0.05 MLD into all groups of muscles of the left leg. Rats were killed for the cytochemical investiga- 
tion at various times after injection of the toxin: 30 h (experiments of series If) on the appearance of the 
first electromyographio signs of increased muscle tone of the left hind limb, and 72 h (experiments of series 
III) on the development of marked muscular rigidity of the left hind limb, when a virtually constant increase 
in their activity was recorded [2]. In the experiments of series II and III some animals were subjected to 
the same physical exertion as those in series I for 40 rain before sacrifice. 
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Groups of experimental  and control  ra ts ,  each consisting of 
five animals,  were  examined. The control  ra ts  were matched with 
experimental  so that the difference between their  body weight did 
not exceed 5 g. The control  for  the experiments of ser ies  I con- 
sisted of intact ra ts .  The control  for ser ies  II and HI consisted of 
ra ts  receiving injections of physiological saline into the muscles  
of the left leg. The lumbar enlargement of the spinal cord of the 
experimental  and control  animals received paral le l  histological  
t rea tment .  The RNA content was determined in the cytoplasm of 
motoneurons of the vent ro la tera l  nucleus of the anter ior  horn in 
segments  L5-L6 (in the case of animals with local tetanus, only 
on the side of injection of the toxin). The method of photographic 
scanning cytospect rophotometry  in UV light, fully described p r e -  
viously [1, 4], was used for  this purpose.  The • cr i ter ion for  com-  
par ison of two empir ica l  distributions was used as the measure  
of difference between the control  and experimental  resul ts .  

The resul ts  of the cytochemical  analysis are  summar ized  in 
Table 1. They show that physical  exertion in the experiments  on 
the healthy animals led to a substantial decrease  in the RNA con-  
tent in the cytoplasm of the spinal motoneurons.  This change is 
not specific for  activation of this type, because previously,  in r e -  
sponse to or thodromic  stimulation of motoneurons,  the same de-  
c r ease  in content of cytoplasmic RNA was found [1, 4]. Evidently 
the increased excitatory and inhibitory synaptic action was ac -  
companied in these conditions by a reduced content of RNA in the 
postsynaptic neuron. 

The role of inhibitorysynaptic influences in the formation of 
the cytochemical  changes in the spinal motoneurons in response  
to swimming was c lear ly  revealed in the case when inhibition was 
abolished by tetanus toxin. The RlqA content 30 h af ter  injection 
of the toxin, when the disturbance of inhibition was relat ively slight, 
was reduced by motor  activity. However, compared with the or ig i -  
nal indices this change produced by swimming was smal le r  in the 
rats  with local tetanus than in healthy animals.  Motor activity 72 
h after  injection of the toxin, when the blocking of inhibitory effects 
was more  marked,  caused no dec rease  in the RNA content in the 
cytoplasm of the motoneurons compared with the initial level 
(local tetanus). Comparison of the cytochemical  changes in the 
experimental  and control  ser ies  shows no corre la t ion  between the 
decrease  in RNA content and hyperfunction of the motoneurons,  
for  in this case when ra ts  with local tetanus were swimming, even 
more  marked changes would have been expected than when healthy 
animals were swimming. F o r  this reason,  it was evidently the in- 
hibitory synaptic action which caused a dec rease  in the RNA con- 
tent in the activated neurons during motor  activity. 

So far  as excitatory synaptic action is concerned,  it was dif-  
ficult to judge its cytochemical  effect f rom these experimental  r e -  
sults.  The reason  was that swimming could lead to different de-  
grees  of change in the intensity of excitatory synaptic effects on 
motoneurons in rats  with local tetanus.  The increase  in moto-  
neuron activity in local tetanus during natural  locomotion of the 
animal was evidently itself attributable to the bet ter  pe r formance  
of the motoneuron pool in maintaining an unchanged background ex- 
c i ta tory  inflow ab a resul t  of the blocking of the i r  inhibition. At 
the same t ime,  even in the ear ly  stage of tetanus poisoning, ex- 



ci ta tory synaptic action on motoneurons could be intensified on account of the blocking of inhibition in 
polysynaptic chains. A more  s t r ic t  charac te r i s t i c  of excitatory synaptic effects is possible in experiments 
with a controlled level of afferent inflow. The indeterminacy of a s ses smen t  of the intensity of synaptic ac -  
tion during natura l  activation of motoneurons also applies, in part ,  to inhibitory influences. However, in 
the case  of tetanus poisoning, these inhibitory influences consistently undergo reduction, and this evidently 
leads to the corresponding cytochemical  effect. 

The resul ts  of this investigation, indicating that quantitative changes in the RNA content of moto-  
neurons are  dependent on the intensity of inhibitory synaptic action, a re  in agreement  with recent ly  pub- 
lished findings [1, 3, 8] showing that the onset of changes in RNA metabolism in an activated neuron are  
connected, not with the action potentials,  but with synaptic influences. This suggests that the charac te r  
of synaptic action can be regarded  as a fac tor  determining the state of nutrition of a functioning neuron. 
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