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Experimental data concerning the mechanisms correlating interocept ive influences on the skeletal  muscles 
have been obtained mainly  by means of the myographic recording of the reflex reactions of the skele ta l  muscles 
[1-3, 5, 6]. However, this method of investigation does not give a comple te  picture of the functional changes aris- 
ing under the inf luence of in terocept ive  s t imulat ion in the various structures (internuncial  and motor neurons) of the 

spinal cord. 

A more deta i led  analysis of the interocept ive influences on the skele ta l  muscles has shown [8] that stretching 
the urinary bladder leads to an in i t ia l  depression of the monosynaptic responses of the motor neurons of the spinal 
cord, followed by their  st imulation. The polysynaptic responses are depressed independently of the monosynaptic.  In 
addition, i t  has been found that the appl icat ion of single stimuli to the splanchnic and pelvic nerves, and also to 
the sympathet ic  chain,  with a test interval  of 50-150 msec causes faci l i ta t ion,  and with an interval  of 150-250 
msec, inhibi t ion of the monosynaptic potentials [9]. N these circumstances, polysynaptic reflexes with a short l a -  
tent period are faci l i ta ted,  but the potysynaptic responses with a longer latent  period are inhibited. During s t imula -  
tion of the interoceptors, besides changes in the reflex responses of the spinal cord, depression of the potentials on 
the dorsal surface of the spinal cord is also observed [4]. As the results described show, the central  mechanisms cor-  

re la l ing the interocept ive influences on the skeletal  musculature remain unexplained. 

In the present investigation of the effect of s t imulat ion of the mechanoceptors of the rectum on the mono- 
and polysynaptic reflex reactions of the motor neurons of the flexors was studied, and the importance of the dorsal 
roots and the suprasegmental portions of the central  nervous system in the transmission of interocept ive impulses to 

the spinal cord was examined. 

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

Acute experiments were carried out on cats l ightly anesthetized with urethane (1 g/kg) and also on spinal cats. 

The spinal cord was exposed in the region of the lumbo-sacra l  enlargement.  

The potentials were fed into a ca thode-ray  oscillograph with an ac ampli f ier  from the peroneal nerve at the 

point where it enters the t ibial is  muscle, Reflex responses were evoked by st imulat ion of the central  end of the di-  
vided dorsal root (Ls-L 6) or of the spinal cord direct ly (the dorsal roots were intact)  by means of a focal mic roe lec -  
trode (Nichrome, d iameter  30 ~) in glass insulation, buried in the spinal cord to a depth of 0.5 mm from the dorsal 

surface at the point of entry of the dorsal roots into the cord. 

For st imulat ion a d c  source was used, gated through a distributive transformer. 

The mechanoeeptors of the rectum were s t imulated by inflat ing a rubber balloon introduced into its ampul la  
to a pressure of 60-120 m m  Hg. For the duration of the experiment  the animal ' s  body temperature was kept between 
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38 and 39 ~ by means of an ultrathermostat .  To prevent the ex-  
posed surface of the spinal cord from drying, i t  was flooded 
with mineral  oil  warmed to 37-38 ~ Altogether 44 cats were 
used in the experiments.  
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Fig. I. Changes in reflex discharges of the spinal 
cord during in terocept ive  stimulation. Experi- 
ment on Apri l  13, 1963. A) Reflex discharge in 
response to over-threshold s t imulat ion of the cen-  
tral  end of a Y-shaped dorsal root of the lumbar 
division of the spinal cord; B-E) 10 see, and 1, 
2, and 5 min after the beginning of st imulation; 
F and G) 20 sec and 10 min after s t imulat ion 

stopped (pressure 100 mm Hg). Cal ibrat ion 50 
pV, t ime marker 10 msec. 
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F~g. 2. Changes in reflex discharges of the spinal 
cord during in terocept ive  stimulation. Experi- 
ment  dated January 17, 1963. A) Reflex discharges 
during over-threshold s t imulat ion of the spinal 
cord through a focal microelect rode buried to a 
depth of 0.5 mm from the dorsal surface of the 
cord; B-E) 5 and 45 sec, 2 and 6 min after be -  
ginning of st imulation; F-H) 5 and 45 sec, and 
10 min after its end (pressure 120 mm Hg). Cal i -  
bration 100 pV, t ime marker 10 msec. 

R E S U L T S  

In the overwhelming majori ty  of experiments the mono-  
synaptic reactions were modif ied only very slightly by the in-  
fluence of the interoceptors. St imulat ion of the mechanocep-  
tots of the rectum led after 5-10 sec to depression of the mono-  
synaptic potent ial  (Fig. 113); after 30 sec or (more often) 2 
min the depression reached its max imum (Fig. 1C). Later the 
ampli tude of the monosynaptic peak potent ia l  returned to its 
in i t ia l  level  (Fig. 1D) or remained slightly below it. In two 
experiments at the beginning of in terocept ive  s t imulat ion the 
monosynaptic discharge increased very slightly in ampli tude.  

In eight experiments there was no change in the monosynaptic 
discharge in response to in terocept ive  st imulation.  

More substantial changes took place  in the polysynaptic 

reflex responses during in terocept ive  st imulation.  In al l  the 
experiments s t imulat ion of the mechanoceptors of the rectum 

led to depression of the polysynaptic discharges. Even in cases 
when the monosynaptic potentials were unchanged or strength- 
ened in response to in terocept ive  st imulation,  the polysynaptic 
discharges were st i l l  inhibited.  In no case was an increase in 
the ampli tude of the polysynaptic discharges observed. 

Depression of the polysynaptic discharges appeared 5-10 
sec after the beginning of s t imulat ion of the mechanoceptors 
of the rectum, and it then deepened slightly. Their maximal  
depression, l ike that of the monosynaptic potentials,  took place 
after 30 see or 1 rain of in terocept ive  st imulation.  Depression 
then gradually weakened and the ampl i tude  of the potentials 
sometimes reached the in i t ia l  l e v e l  

It is c lear  from Fig. 1A that after a wel l -def ined  mono-  
synaptic peak potent ia l  came a series of polysynaptic dis- 
charges of low amplitude.  At the 10th second of in te rocep-  
r ive s t imulat ion (see Fig. 1B) the polysynaptic potentials were 
considerably depressed, and at the end of the first minute, in -  
stead of the series of polysynaptic potentials,  only one poten-  
t ia l  was recorded (see Fig. 1C), and the rest were considerably 
inhibited. After 2 rain the depression of the polysynaptic dis-  

charges st i l l  remained considerable (see Fig. 1D). Meanwhile, 
the changes in the monosynaptic potent ia l  were insignificant.  

Stopping the in terocept ive  s t imulat ion caused a "sec-  
ondary" brief depression of the mono-  and polysynaptic re -  
flex reactions. However, in some experiments i t  lasted longer 

than during the actual  interocept ive stimulation. Usually maximal  depression of the reflex responses was observed 
10-30 sec or 1-2 rain after stopping s t imulat ion of the rec ta l  mechanoceptors.  Most frequently the reflex reactions 
were restored after 4-5 rain. 

These experiments showed that with an increase in the strength of s t imulat ion of the mechanoceptors of the 
rectum there was a corresponding increase in the degree and duration of inhibit ion of the recorded reflex responses. 
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Fig. 3. Changes in reflex discharges~of the spinal cord during in terocep-  
t ive stimulation. "Spinal" cat. Experiment on January 28, 1963. A) Re- 
flex discharges during submaximal  s t imulat ion of the spinal cord through 
a focal microelect rode buried to a depth of 0.g mm from the dorsal sur- 
face of the cord; B-F) 3 and 4a sec, 2, 3, and 5 rain after s t imulat ion 
began; G and H) 60 sec and 2 min after s t imulat ion ended (pressure 100 
mm Hg). Calibrat ion 1 mV, t ime marker 10 msec. 

In the next series of experiments reflex reactions of the motor neurons of the flexors were evoked by direct  
s t imulat ion of the gray mat ter  of the spinal cord through a microelectrode implanted  in the region of the motor nuc-  
leus of  the t ibial is  muscle (segments Lb-L6). In these experiments the dorsal roots were not divided. When the s t im-  
ulating microe lec t rode  was buried to a depth of 0.5 mm from the dorsal surface of the spinal cord, mono- and poly-  

synaptic discharges arose in the nerve to the muscle. As in the preceding series of experiments,  s t imulat ion of the 
rec ta l  mechanoceptors led to depression of these discharges, starting 5-80 sec after it  began (Fig. 2B); after reaching 
max imal  intensity, despite the continuing interocept ive st imulation,  the depression gradually weakened (Fig. 2C), 
and after 5-7 rain the ampli tude of the discharges returned to its original level  (Fig. 2E). After interocept ive s t imu-  
lat ion had ended, a further depression of the reflex reactions developed, starting at the 5th second (Fig. 2F). At the 
45th second the monosynaptic potential  was almost back to its in i t ia l  level ,  whereas the polysynaptic discharges were 

st i l l  sharply depressed (Fig. 2G). The same was observed at the 45th second of interocept ive s t imulat ion (see Fig. 2C). 

In these experiments attention was drawn to the fact  that the mono- and polysynaptic reflex responses of the 
flexor motor neurons caused by st imulat ion of the spinal cord were much more strongly inhibited when the ipsi lateral  
dorsal roots were in tac t  than the reflex reactions associated with s t imulat ion of the central  end of the divided dorsal 
root. Evidently this was because afferent in terocept ive  impulses may travel  to the spinal cord along both the ipsi-  
la tera l  and the contra la tera l  dorsal roots. If they could t ravel  only along the lat ter ,  as E. F. Bogovarova [2] asserts. 
the reflex reactions of the spinal cord caused by s t imulat ion of the divided dorsal root would be modified in the same 
way as the reactions associated with s t imulat ion of the spinal cord (when the dorsal roots were intact),  but this was 
not observed in any of the experiments.  

The series of experiments carried out on spinal cats showed that there was no essential difference in the d i rec-  
tion and character  of the interocept ive effects on the reflex reactions of the flexor motor neurons in these animals 
by comparison with cats with an in tac t  central  nervous system. 

Distension of the rectum, as in the previous series of experiments,  caused a clear  and consistent depression of 
the mono- and polysynaptic discharges of the spinal cord, starting at the 5th-10th second after the beginning of 
s t imulat ion and reaching its maximum at the 45th-60th second (Fig. 3C). Later the reflex reactions gradually re-  
covered and their  in i t i a l  level  was restored after 3-5 rain (Fig. 3F). Fa~ding interocept ive  s t imulat ion led to re -  
peated depression of the mono- and polysynaptic reactions of the motor neurons of the flexor muscles (Fig. s o l  
which returned to their in i t i a l  level  after 2 -a  min (Fig. 3H). 

The facts described above, together with findings reported by other authors [1-6], thus demonstrate that the 
in terocept ive  correct ive influences from the receptors of the rec tum on the reflex reactions Of the spinal cord may 
act at the level  of the spinal cord itself, without involving the part icipat ion of the suprasegmental  portions of the 
central  nervous system. 

It is important  to note that during in terocept ive  st imulat ion the polysynaptic reflex reactions are more strong- 
ly depressed than the monosynaptic. In some experiments in which the ampli tude of the monosynaptic peak was 

unchanged, the polysynaptic discharges were obviously depressed. It may be supposed that the interocept ive influen- 
ces affect the motor neurons mainly through certain internuncial  neurons, possessing synaptic connections with the 
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primary afferent axons, as a result of which presynaptic inhibit ion of the exci ta tory postsynaptic potentials takes 
place. A s imi lar  conclusion was reached by O. I. gvtushenko [4] on the basis of the study of changes in the poten-  
tiats on the dorsal surface of the spinal cord. 

Since at the level  of the internuncial  neurons there are no mechanisms of inhibi t ion analogous to the mech-  
anisms of reciprocal  inhibit ion involving the par t ic ipat ion of Renshaw's ceils [7], there are grounds for regarding the 
in terocept ive  inhibit ion of the polysynaptic reflex response as presynaptic inhibition. 

S U M M A R Y  

Acute experiments on cats were used to study the influence of s t imulat ion of the mechanoreceptors of the r ec -  
tum on the mono- and polysynaptic reflex responses from the flexor motor neurons, 

It was found that  reflex monosynaptic potentials in the overwhelming major i ty  of experiments were insignif i-  
cant ly inhibited or remained unchanged, whereas the polysynaptic discharges were inhibi ted in al l  cases i rrespective 
of the monosynaptic ones. Experiments proved that the in terocept ive  afferent impulses may be conveyed to the spinal 

cord both through the ipsi-  and contratateral  dorsal roots. In addition, i t  was found that  the correct ive in te rocep-  
t i r e  influences may be exercised at the level  of the spinal cord, without the par t ic ipat ion of the suprasegmental  
formations of the central  nervous system. 

On the basis of an analysis of the results obtained and l i terature  data it  is supposed that the in terocept ive  in-  
hibit ion is presynaptic in character.  
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