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The ref lex ac t iv i ty  of the muscular  system of the hind l imbs varies depending on the l eve l  of transection of 

the brain or spinal cord.  I . M .  Sechenov showed or iginal ly  [3] in a series of experiments  that the duration and depth 
of depression of the spinal reflexes are dependent on the leve l  of sect ion of the cord. 

The investigations of G. N. Sorokhtin [4, 5] showed that  after t ransect ion of the spinal cord a dist inct ive state 
of "atony of the nervous center"  - - i . e . ,  of passive hype rpo la r i za t ion -deve tops  in the centers lying beiow the point 

of transection,  as a result of depr ivat ion of their usual supraspinal impulses.  A s imilar  state of passive hyperpo la r iza -  

tion also arises on the skeletal  muscle  [1, 2, 4] when it is excluded from central  influences by means of transection,  
and also by blocking of its nerve with procaine or cold.  

The objec t  of  the present invest igat ion was to discover what changes take p lace  in the constant polar iza t ion  
potent ials  (CPP) of the gastrocnemius muscle  of the frog as a result of transection of the brain and spinal cord at  

different levels ,  and also to determine  whether passive hyperpolar iza t ion  can develop after denervat ion of a muscle  

i f  this is performed on a spinal or bulbar frog. 

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

Experiments were carr ied  out on grass frogs (Rana temporar ia)  in which the brain or spinal cord was exposed. 

Transection was carried out during the exper iment  at different levels :  between the brach ia l  and lumbar  enlargements  
of the spinal cord (low cordotomy) ,  below the medul la  (high cordotomy),  and above the medul la ,  The CPP were 

measured in the lef t  gastrocnemius muscle by means of a nonpolar iz ing e lec t rode ,  which served as indicator .  A 
second nonpolar izing e lec t rode ,  ly ing on the bones of the right lower l imb which had previously been denervated 

and excluded humoral ly  from the general  c i rcula t ion ,  was taken to represent zero.  The CPP which were being studied 
were compensated by means of a type P-307 high-res is tance po ten t iometer .  A mirror ga lvanometer  with a sensi- 

t ivi ty of 10 -9 A / m m / m  was used as null  apparatus.  

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

Regardless of its leve l ,  transection of the brain and spinal  cord always caused a brief  (3-4 sec, on the average) 
period of depolar iza t ion  as a result of the descending stream of impulses from the wound. Following this t r aumat ic  
depolar iza t ion ,  in most experiments  an increase in the e lee t roposi t ive  potent ia l  was observed (see tab le) ,  

It is c lear  from the data given in the table  that the more caudal  the l eve l  of transection,  the more frequent 
the deve lopment  of passive hyperpolar iza t ion,  the longer its duration,  and the greater  its magni tude .  In the case of 
the tested muscle ,  this relat ionship may  be expla ined ,  we consider,  by the size of the def ic i t  of pufsed exci ta t ion  
corresponding to the leve l  of  transection of the brain or cord.  Denerv~tion of the gastrocnemius muscle  in the intact  
frog caused,  in 78-80% of cases, a well marked passive hyperpolar iza t ion ,  a t ta ining 2 -4  mV and sometimes lasting 
for several  hours (Fig. 1, A).  These results are in agreement  with those found by other authors [1, 2]. Denervation,  
c rea t ing  a max ima l  def ic i t  of exc i ta t ion  for the muscle ,  also produced the m a x i m a l  passive hyperpolar iza t ion .  The 
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Effect of Level of Transection of Brain or Spinal  Cord on Development  of Passive 

Hyperpolar izat ion of Gastrocnemius Muscle 

Level of transection 

I 

Duration of in-  
i crease in e l ec t ro -  

Magnitude of e l ec t ro -  

posit ive potent ia l  (in mV) 
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Fig.  1. Dynamics of changes in constant po la r i za -  

tion potent ia l  of gastrocnemius muscle of a frog 
after denervat ion and after t ransect ion of the brain 
and spinal cord at different levels .  A) Denerva-  
tion of gastrocnemius muscle;  B) transection of 
spinal cord between brachia l  and lumbar  en la rge-  

ments; C) transection of spinal cord below m e -  
dulla .  A r r o w - m o m e n t  of t ransect ion.  Curves 
A, B, C, and D represent the a r i thmet ica l  means 
of the results of a l l  the exper iments  in each series. 

def ic i t  of exc i ta t ion  after low cordotomy was greater st i l l ,  

for the influences from the anterior portion of the spinal cord 
and al l  the impulses from the brain were lost.  After low 
cordotomy,  passive hyperpolar izat ion was observed in 74% 

of cases, but by comparison with denervation of the muscle 

it  was weaker and shorter in duration (Fig. 1, B). 

High cordotomy crea ted  a smal ler  def ic i t  of exci ta t ions  
for the gastrocnemius muscle.  As a result,  passive hyper-  
polar iza t ion  was observed less f tequenfly in the muscles than 

after low cordotomy,  and although it  was equal  in magni tude,  
i t  disappeared more quickly (Fig. 1, C). F ina l ly ,  after t ran- 
section of the brain stem above the medul la ,  the defici t  of 

exci ta t ion for the muscle became  min ima l ,  since the pre-  
servation of the spinal cord and medul la  in the bulbar frog 
enabled the v i ta l ly  essential  visceral  and somatic  functions 

to be ma in ta ined .  In these experiments  passive hyperpo la r iza -  
tion developed more rarely s t i l l ,  and i t  was weaker and 
shorter in duration than after t ransection at the other levels 

(Fig. 1, D). 

When transection of the brain or spinal cord was carr ied 
out after p re l iminary  denervation of the gastrocnemius muscle,  
i t  did not l ead  to the development  of passive hyperpo la r iza -  

tion. In these control experiments  the CPP of the muscle  
were unchanged.  If, on the other hand, t ransection of the 
spinal cord or brain stem was performed after the pre l iminary 
isolation of the muscle from the general  c i rcula t ion ,  but 

leaving its nerve supply in tac t ,  the muscle reac ted  to the 
transection by the deve lopment  of typica l  passive hyper-  
polar iza t ion .  

After the potent ia l  had returned to normal  and become 
s tabi l ized,  the sc ia t ic  nerve was divided.  Denervation of 
the muscle after tow or high cordotomy did not change the 
CPP, for the spinal frog was passive whatever the conditions 

of s t imulat ion,  and al l  its skele ta l  muscles were in a state of def ic i t  of exci ta t ion  as a result of the 
cordotomy (Fig. 2, A).  

On the other hand, division of the scia t ic  nerve in the bulbar frog, capable  of ac t ive  tonic and locomotor  
reflexes,  c rea ted  an addi t ional  def ic i t  of exc i ta t ion  for the denervated muscle,  and thus favored the development  
of passive hyperpolar iza t ion  (Fig. 2, B). 
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Fig. 2.  Dynamics of changes in constant po la r i za -  

tion potent ia l  of the gastrocnemius muscle of the 

frog after division of the scia t ic  nerve.  A) nerve 
divided after low cordotomy; B) nerve divided in 
a bulbar frog. A r r o w - m o m e n t  of division of 
nerve.  The curves A and B represent the ar i th-  
me t i ca l  means of the results of aI1 the exper i -  
ments in each series. 

The exper imenta l  results showed that the frequency 
of onset and the duration of the passive hyperpolar iza t ion 
developing in the muscle were determined by the magni tude 
of the def ic i t  of exc i ta t ion .  The most prolonged and the 

highest passive hyperpolar iza t ion developed in the skele ta l  
muscle  after division of its nerve,  for under these c i rcum-  

stances the muscle  was in a state of to ta l  f laccid  paralysis.  
Transection of the brain or spinal cord, creat ing a defici t  of 
exci ta t ion  for the skele ta l  muscle  which varied in its degree,  
also determined the character  of the passive hyperpo la r iza -  
tion developing in the muscle .  

The defici t  of exci ta t ion  after low cordotomy was 
greater than after high,  but after transection above the leve l  
of the medul la  i t  was very smal l .  
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