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Many authors have pointed out [2, 3, 6, 7, 11] that  s t imulat ion of the chemo-  and mechanoceptors  of the d i -  

gestive t ract ,  or s t imulat ion of the afferent v isceral  nerves may exert  ei ther a s t imulat ing or a depressive influence 
on the skele ta l  musculature .  Many investigators [6, 11-18] divide the in terocept ive  influence on a skele ta l  muscle 
into release and correct ing mechanisms,  although they do not consider them to be fundamental ly  different [11]. 

Taking as our starting point the existing views on the role of e lec t ro tonic  phenomena in the mechanism of 

nervous ac t iv i ty  [4, 8, 14, 15] we have undertaken a study with a view to determining the s ignif icance of  e lec t ro ton-  
ic changes in various structures of the spinal cord during the deve lopment  of re lease  and of correct ive  interoceptor  
influences on ske le ta l  muscle.  

EXPERIMENTAL METHODS 

The work was carried out in a series of acute exper iments  on 18 cats.  Under urethane anaesthesia (1 g/kg)  the 
spinal cord was exposed in the region of the lumbosacral  en la rgement .  Elect r ica l  potentials  were picked up by means 

of needle  pla t inum or tantaIum electrodes and were displayed on a cathode ray tube after ampl i f i ca t ion  by an a m p l i -  
fier having a symmet r i ca l  input.  The ref lex responses of the t ib ia l i s  muscle were evoked by s t imulat ion of the cen-  
t ra l  end of the peroneal  nerve with single shocks from an induction coi l .  

The e lec t ro tonic  changes developed in various parts of the spinal center of the peroneal  muscle (segments 
Ls-L s) by cathodic  or anodic polar iza t ion .  The polar iza t ion  was produced by means of a unipolar mic ro -e lec t rode  in-  

sulated by glass, and having a d iameter  at the t ip of 30/1. Surface polar izat ion of the cord was produced by a non- 
polar iz ing A g - A g C 1  e lec t rode  having a thread in Ringer-Locke solution. In al l  experiments  the indifferent electxode 
(si lver plate  measuring 4 x 4 cm) was p laced  on the muscles of the back rostral  to the ac t ive  e lec t rode .  

After exposure of the dura mater  we made a smal l  incision in the arachnoid mater ,  by means of a s tereotaxic  
instrument we implanted  the mic ro -e l ec t rode  at different  depths in the grey mat ter  of the spinal cord, including the 

m o t o r  nucleus of the t ib ia l is  muscle.  The position of  the t ip of the mic ro -e l ec t rode  was de te rmined  from his tologi-  
cal  sections of the cord 10-20 tl th ick,  which were stained in hematoxyl in -eos in .  To reduce the superf ic ial  branch-  
ing of the current, and to protect  the spinal cord from drying up, the surface was covered with paraffin oi l  at a t e m -  
perature of  88 ~ The interoceptors were s t imulated by di Ia ta t ion of a rubber bal loon p laced  in the ampul la  of the 
rec tum,  and inf lated to a pressure of 40-120 mm Hg, the pressure being indica ted  on a manometer .  The body t e m -  
perature was mainta ined  constant at around 88 ~ by means of an ultra thermostat .  

EXPERIMENTAL RESULTS 

The background electrical activity of the tibialis muscle shows peak potentials of amplitude 2050 p V, rising 

up to I mV and having frequencies of 3-5 per second; sometimes frequencies up to 60 per second were observed. As 

the anaesthesia deepened the electrical activity of the muscles was depressed, and when the anaesthesia was deeper 
still it was completely suppressed, indicating a central influence. 
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Fig. 1. Change in the background of e l ec t r i ca l  ac t iv i ty  of the t i -  
bial is  muscle during interoceptor s t imulat ion and polar izat ion of 
the dorsal surface of the spinal cord. A) Background act iv i ty  of 
the t ib ia l is  muscle; B) during s t imulat ion of rec ta l  mechanocep-  
tots (pressure 80 mm Hg); C) as in B, during polar iza t ion  of the 
spinal cord by a descending di rec t  current; D) as in B, 1 rain af-  

ter switching on the current; E) as in B, during polar izat ion of 
the spinal cord by an ascending direct  current.  The dotted lines 
indicate  interoceptor  s t imulat ion.  

Fig. 2. Potentials from the t ib ia l is  muscle. 

in response to s t imulat ion of the ips i la tera l  
popl i tea l  nerve during polar izat ion of the 
spinal cord; mic ro -e lec t rode  implanted  to 
a depth of 0.1 mm from the dorsal surface 
of the spinal cord; s t imulat ion of rec ta l  

mechanoceptors .  A) Muscle potentials  in 
response to s t imulat ion of the popl i tea l  
nerve; B) muscle  potentials  superimposed 
on background of the polar izat ion of the 
spinal cord by a direct  current produced 
18 sec previously (mic ro -e l ec t rode  inserted 
to a depth of 0.1 mm);  C) during po la r iza -  
tion of the spinal cord by an ascending cur-  
rent; D) as in A, combined with effects of 
s t imula t ion  of the rec ta l  mechanoceptors  for 
30 see previously(pressure 80 mm Hg); E and F) 
as in D, during F;olarization of the spinal cord by 
a descending(E) and an ascending(F) direct  
current.  

On s t imulat ion of the interoceptors of the rec tum (at  pres- 
sure of 80-120 mm Hg) a marked suppression of the background 

ac t iv i ty  of the t ib ia l i s  muscle was observed, and it usually oc -  
curred i m m e d i a t e l y  after the interoceptor act ion.  Inhibit ion be -  

came  more marked as t ime  passed, and was mainta ined  for 10- 
20 rain (according to the duration of the interoceptor  s t imulat ion) .  

During the suppression of e l ec t r i ca l  ac t iv i ty  of the t ibial is  

muscle ,  which occurred during s t imulat ion of the rec ta l  mechano-  
eeptors we started an ascending and a descending direct  current 
of subthreshold strength. Polar izat ion of the dorsal surface of the 

spinal  cord by descending direct  current led to some reduction in 

the suppression of e l e c t r i c a l  ac t iv i ty  of a muscle induced by in-  
teroceptor  s t imulat ion.  This result can be seen in the osci l lo-  

grams of the exper iment  shown in Fig. 1. 

polar izat ion exerts a different influence when the e lec t rode  

is placed in the motor nucleus of the t ib ia l is  muscle (2-25 mm 
below the dorsal surface of the spinal cord). Here the suppression 

of e l ec t r i ca l  ac t iv i ty  in the t ibial is  muscle caused by interoceptor  
s t imulat ion is enhanced by a descending direct current and some-  

what reduced by an ascending current.  

In the next set of experiments  we studied the influence of 
interoceptor  s t imulat ion on the reflex responses of the t ib ia l i s  
muscle evoked by s t imulat ion of the ips i la tera l  popl i tea l  nerve. 
Also we studied the influence of local  reflex response, and also 
on a reflex response modif ied by preceding interoceptor  s t imula-  

t ion.  
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The results showed that when the e lec t rode  was implan ted  in the spinal cord to a depth of 0 .1-0.3  mm from 

the dorsal surface, at the region where the dorsal roots entered (1 mm la tera t  to the midl ine) ,  polar iza t ion  by a sub- 

threshold descending direct  current usually increased (Fig.  2, 13) or (less frequently) had no effect  on the reflex re -  

sponse of the t ibial is  muscle,  whereas polar izat ion with an ascending current depressed it to some extent  (Fig. 2, C). 

S t imula t ion  of mechanoceptors  of the rec tum led in most cases 

to a considerable suppression of the ref lex response of the muscle 
(Fig.  2, D); the suppression began 3-5 sec after the onset of in tero-  
ceptor s t imulat ion,  and then became  deeper ,  reaching a max imum 
intensity after 30-50 sec. 

Fig. 3. Potentials from the t ib ia l i s  mus-  
c le  in response to s t imulat ion of the pop-  
l i t ea l  nerve (mic ro -e lec t rodes  at a depth 

of 2 m m  from the dorsal surface of the 
spinal cord). Indicat ions as in Fig. 2. 

Cathodic polar iza t ion  (by introduction of the mic ro -e l ec t rode  
to a depth of 0.1-O.a mm) reduced the depression of the ref lex r e -  
sponse evoked by interoceptor  s t imulat ion (Fig.  2, E), while anodic 
polar iza t ion  produced the reverse effect ,  and enhanced the ref lex 
(Fig.  2, F). 

We must note that reduct ion of interoceptor  inhibi t ion during 
polar iza t ion  of the spinal cord by descending direct  current was ob-  

served even in cases when polar iza t ion  i tself  (without interoceptor  

s t imulat ion) was without influence on the extent  of the reflex ac t ion 
potent ia l  of the muscle.  

Different results were obtained when the polar izing mic ro -e l ec t rode  was pushed deeper into the grey mat ter  of 
the spinal cord.  Where it reached a depth of 1.8-2.5 mm from the dorsal surface, then just as in the case when it lay 
on the surface,the ref lex response of the t ib ia l is  muscle was enhanced (Fig.  3, B), whereas anodic polar iza t ion  caused 
a depression (Fig.  3, C). 

Interoceptor s t imula t ion  by i tself  at a pressure of 60-120 m m  Hg in most cases caused negl ig ib le  depression of 
the ref lex act ion poten t ia l  of the muscle (Fig.  3, D). Polar izat ion by descending di rec t  current enhanced the ref lex 
response of the t ib ia l is  muscle  evoked by s t imulat ion of  rec ta l  mechanoceptors  (Fig.  3, E), while on the other hand 
polar iza t ion  with an ascending current had the reverse effect  (Fig.  3, F). 

Somet imes  interoceptor  s t imula t ion  somewhat enhanced the ref lex response of the muscle ,  but under these c i r -  
cumstances polar iza t ion  of  the spinal cord by descending current (when the mic ro -e l ec t rode  was submerged to a 

depth of  2-2.5 mm) led to an interoceptor  inhibit ion,  although the ref lex response i tself  (without interoceptor  action) 
was enhanced.  

The results of the exper iments  show that  cathodic  depolar iza t ion  of afferent structures in the spinal cord re-  

duces or e l imina tes  suppression of "spontaneous" or reflex e l ec t r i ca l  ac t iv i ty  of the t ib ia l is  muscle resulting from in-  
teroceptor  s t imula t ion .  Hyperpolar iza t ion  by an anode causes the reverse inf luence,  and increases interoceptor  in-  
hibi t ion.  

Also polar iza t ion  of the region of the motor nucleus of the t ibial is  muscle produced opposite changes in in tero-  
ceptor inhibit ion;  depolar iza t ion  by a cathode enhanced interoceptor  inhibi t ion,  whereas hyperpolar iza t ion  by an 
anode somewhat reduced it .  This result  indicates  that an increase  in the influx of afferent impluses from the intero~ 
ceptors appears to evoke in the afferent structures of the spinal cord changes character is t ic  of anelectrotonus,  because 
the cathode reduces and the anode enhances interoceptor  inhibi t ion.  However in the region of the internuncial  and 
motor neurones of the spinal cord interoceptor  s t imulat ion causes changes of a ca te lec t ron ic  type,  because po la r i za -  
t ion by the cathode enhances inhibi t ion,  whereas polar izat ion by an anode reduces i t .  

These results are in agreement  of those found by E. F. Bogovarova [1], who observed an increase of exc i t ab i l i ty  
and a reduct ion of l ab i l i ty  in the motor nucleus of the t ib ia l is  muscle,  while on the other hand in the premotor zone 
of the spinal cord she found a reduction of exc i t ab i l i ty  and an enhanced l ab i l i ty  during s t imula t ion  of r ec ta l  mechan-  
oceptors.  

The following fact  is ev idence  that  the in terocept ive  s t imulae  produced changes character is t ic  of ca t e l ec t ro -  
tonus in the region of the in ternuncia l  and motor neurones. When the background potent ials  were lead  off from nen-  
rones of the spinal cord by means of a focal  mic ro -e Iec t rode  (when it was immersed  to a depth of 2 .5-3  mm) ,  as the 
interoceptor s t imulat ion increased,  at first an enhancement  of rhythmic  ac t iv i ty  of the neurones was observed, and 
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not until the 5-10th second did it start to change to an increasingly profound suppression of this activity. This re- 
sult indicates that interoceptor inhibition of activity of the internuncial and motor neurones of the spinal cord is a 
secondary effect.  

It is known [4, 8, 10] that the cathode of a direct current supply of small strength and short duration causes an 
enhanced excitabili ty of a peripheral nerve and of the spinal cord centers. However, if the strength and duration of 
the cathodic action are sufficient the initial increase of excitability is replaced by a depression (cathodic depression). 
The increase which we observed in the interoceptor inhibition of the reflex response of the tibiaIis muscIe by a cath-  
odic current introduced in the region of the motor nucleus, may here be explained on the basis of functional changes 
which develop during cathodic action on excitable tissues. 

Apparently interoceptor stimulation creates a catelectrotonic condition among the internuncial and motor neu- 
rones which then changes over into a cathodic depression under the influences arriving as a result of somatic afferent 
nerve stimulation; alternatively (during release influences) this condition may arise as a result of summation of in- 
teroceptor impulses with local excitation of central neurones, a result which leads to the development of  interocep- 
tot inhibition. According to the degree of these functional changes in the central regions of a reflex arc either an 
enhancement or inhibition of spinal reflexes may be observed, as has been found also by many authors. 

Nevertheless, as judged by electrophysiological indications, release influences from interoceptors directed to-  
wards skeletal muscles usually develop among a background of already existing potentials in the neurones of the spi- 
nal cord and in skeletal muscle, i. e.,  they are essentially corrective in nature. In this connection the differences 
between release and corrective influences originating in interoceptors and influencing skeletal muscle must be con- 
sidered as entirely relative. 
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in  the  a b o v e  b ib l i ography  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  
a t i o n s  o f  the  a b b r e v i a t i o n s  as  g iven  in the  o r ig in a l  R u s s i a n  journal .  Some  or al l  of  th is  per i -  

o d i c a l  l i t e ra ture  may we l 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  l i s 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  appears  at the  b a c k  o f  th i s  i s s u e .  
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