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Denervation of a muscle by transection of the nerve, by application of cold, or by novocaine block of the 
nerve leads to a condition of hyperpolarization [3, 7]. The hyperpolarization develops passively as a result of the 
rapid el imination of  the flow of efferent impulses to it. It has been shown [2] that after denervation of a muscle 
its sorptive power changes during the first few hours. 

A study of the polarization potential of the cerebral cortex in mice during anaesthesia has shown [5] that evi-  
pan (hexanal) anaesthesia produces hyperpolarization, whereas ether and urethane causethe opposite change- towards  
depolarization. In this connection it has been found [1] that hyperpoiarization of the mouse cerebral cortex pro- 
duced by evipan anaesthesia is associated with a reduced sorption of dye, whereas ether and urethane anaesthesia 
which cause depolarization of the cortex enhance sorption. These results of dye sorption in relation to ether and 
urethane anaesthesia agree completely with previous investigations [4]. 

We have studied changes in the direct polarization potential (DPP) and of sorption of dye by the gastrocnemius 
muscle in an intact frog during direct tetanization of the muscle and after it had been denervated. We have also 
studied the DPP and sorptive properties of a pair of muscle antagonists during the myotat ic  reflex. 

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

The experiments were carried out on frogs in their first autumn or winter, at a temperature of 18-20 ~ The 
DPP of skeletal muscle was studied by the method of Sorokhtin [7], and changes in the sorptive properties were in- 
vestigated by vital  staining [6]. Before the experiment the gastrocnemius muscle to be investigated was separated 
from the other muscles without loss of blood by means of blunt dissection; the nerves and blood vessels supplying 
the muscle were not damaged; the muscle was stained for 30 min by immersion in a special tube filled with 8 ml 
of a 0.05% solution of Neutral Red diluted in sodium-free Ringer. After it had been stained, when the experiment 
was finished, the muscle was extirpated, washed in distilled water, and placed in a tube containing an accurately 
measured amount of  ethyl alcohol acidified with 2~ sulfuric acid to extract the dye. After 24 h the extract was 
measured in a photo-electr ic  colorimeter model FEK-M. The figures denoting the amount of dye in the extract E 
were multiplied by 100, and referred to a thickness of 1 cm. The myotat ic  reflex was evoked by stretching the 
divided AchiItes tendon of the gastrocnemius muscle (separated from the other muscles) by a load of 35-50 g. Each 
series of observations was accompanied by control experiments. 

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

In a series of experiments we studied changes in the sorptive properties of the gastrocnemius muscle immedi-  
ately after division of the sciatic nerve in the thigh. As can be seen from Table 1 the extent to which the dye was 

f 

taken up by the muscles was reduced on average by 25% after denervation. This reduction of sorptive activity of 
the muscle develops during the period of its passive hyperpolarization which occurs after denervation of the muscle. 

1032 



TABLE 1. Effect of Denervation and Indirect  

Te tan ic  S t imula t ion  on the Uptake o f  Dye by 

the Gastrocnemius Muscle 

I series of expts. [ II series of expts. 

Control i After de'lControl [ Dur!ng stim- re vaUon I plat,on 
EX 1000 

1 200 
760 
730 
660 
730 
830 
630 
600 
500 
600 
760 
560 
560 
600 
430 
430 
900 

1 100 
1 200 
1 200 
1 230 

960 
M + m  

780_+55,7 

760 
730 
400 
500 
600 
600 
530 
460 
430 
400 
460 
530 
600 
430 
400 
600 
400 
730 
700 

1 030 
760 
930 

592• 

660 
730 
660 
600 
660 

1 200 
730 
760 
730 

1 200 
630 
800 

1 000 
630 
830 
600 
660 
80O 
630 
600 

755,5+__41 

930 
1 030 
1 100 

860 
830 

1 300 
900 
930 
930 

1 230 
830 

1 200 
1 300 

930 
1 200 
1 100 

900 
1 300 

83O 
790 

1 020• 

TABLE 2. Sorption of the Dye During the Myotat ic  

Reflex (Extension of the Left Gastxocnemius; An- 

t agon i s t -Le f t  Tibia t i s  Anticus Longus) 

Oastrocnemius ] Tibialis anticus 
I longus 

Contxol ~xpts.withl  [Time of 
| ! Control ~tretching 

expts. [stretching I [gastr,ocne~,iu, s 
EXI000 

8OO 
670 
700 
670 
570 
630 
610 
630 
600 
570 
630 
560 
560 
5O0 
530 
50O 
6O0 
60O 
60O 
53O 

M •  
603__ 16, 

930 
900 

1 130 
930 
730 
970 
800 
900 
730 
800 
700 
660 
630 
630 
630 
830 
860 
700 
8OO 
6O0 

793--I_32,4 

1 030 
730 

1 030 
770 
660 
760 
73O 
760 
700 
700 
630 
630 
630 
630 
760 
660 
8OO 
860 
660 
660 

738+__27,7 

930 
7O0 
700 
600 
560 
700 
660 
660 
600 
660 
6O0 
560: 
560 
560 
6O0 
560, 
660 
56O 
6O0 
5OO 

625__.2I, I 

mohm 

J 

3 

/ 

/) zo so s0 20 Z0min 
Reciprocal  relat ionship in the DPP in muscles during the 
myota t i c  ref lex .  1) DPP of the stretched lef t  gastrocne-  
mius; 2) DPP of its antagonist ,  t ib ia l i s  anticus longus of 
the .same side.  The th ick b lack  l ine indicates  the t ime for 
which the muscle was stretched with a load of 38 g. 

In the II set of exper iments  the muscle  was 
stained during a 30 rain period of op t ima l  indirect  

s t imulat ion on the gastrocnemius muscle by a t e t an iz -  
ing current.  In order to e l imina t e  the deve lopment  of 

the pessimum of the myoneural  junct ion,  the t e t an i za -  
tion was carr ied out per iod ica l ly ,  1 rain rest being giv-  
en at the end of the 30 sec period of s t imulat ion.  I t  
can be seen from the results in Table  1 that  the sorp- 
rive properties of the muscle were increased b y  35.2% 
after op t imal  t e tan iza t ion  of the nerve.  

In the III series of exper iments  we studied 
changes in the DPP and in the sorptive properties of  
the left  gastrocnemius muscle during the myota t i c  re -  
flex; the mucle  was stretched by a load,  and the an-  
tagonist was the left  t ib ia t is  anticus longus. It was 
found that in the extended gastrocnemius muscle a 
condit ion of depolar iza t ion  developed which changed 

over to repolar iza t ion  after the stretching load was removed .  At this t i m e  the antagonist  muscle  r eac ted  by an 
increased posit ive polar iza t ion,  and not until  the load had been removed from the gastrocnemius muscle did its DPP 
return to the original  value  (see figure).  

In the muscle antagonist  which was protected by rec iprocal  inhibi t ion emanat ing  from the spinal centers and 
reaching the muscle by impulses passing along the efferent pathways, during the myota t i c  ref lex a passive hyper-  
polar izat ion developed resembl ing the hyperpolar iza t ion developing in a denervated muscle [7]. 

It was found to be s ta t i s t ica l ly  significant (Table  2) that the uptake of dye by the extended left  gastxocnemius 
muscle during the myota t i c  ref lex increased by 62% over the amount of dye taken up by a control  muscle of the 
same side.  At the same t ime in the antagonist  muscle the sorptive power was reduced by 25% compared with the 
sorptive power of the cont~ot muscIe of the same side ( t ib ia l i s  anticus 1ongus). 
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Thus studies of the myotatic reflex in frogs has established reverse relationships of the DPP, and corresponding 
changes in the sorptive properties of the muscles. The stretched muscle which responds reflexly to the extension is 
depolarized, and its uptake of the dye is increased. At the same time the antagonist which is protected from central 
inhibitory impulses is hyperpolarized, and the uptake of dye is reduced. 

To generalize from these results we may conclude that there is a definite relationship between the level of the 
DPP and the sorptive properties of muscle. Denervation of skeletal muscle leads to the development of hyperpolari- 
zation and to a reduction in its sorptive properties, whereas the active condition of the muscle existing during excita- 
tion is associated with depolarization and leads to an enhanced uptake of the dye. Like denervation, central inhibi- 
tion leads to a deficit of excitation, and elicits a passive hyperpolarization with reduction of sorptive properties. 
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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 peri- 

odical l i terature may well be avai lable  in Engl ish translation. A complete list of the cover-to: 
cover English translations appears at the back of this issue. 
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