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The visceromotor reflexes occupy an important  p lace  in the reflex ac t iv i ty  of the spinal cord [1, 3-6,  8, 18]. 
The results of the e lec t rophys io logica l  invest igat ion of the responses of the spinal roots in such reflexes have shown 

that motor reactions evoked by s t imulat ion of, for example ,  the splanchnic nerve are widespread and involve, not 
mere ly  a l l  the thoracic,  but the lumbar segments also [7, 9-14, 16]. 

However, the results of the study of the root reactions demonstrate only the complex,  polysynaptic  character  
of  the exci ta t ion  of the  motor neurons, and they do not provide a more de ta i led  explanat ion of  the functional or- 

ganiza t ion  of the visceromotor reflexes, or s t i l l  less of the synaptic processes lying at their  basis. To solve these 

problems the synaptic potentials  of indiv idual  neurons of the spinal  cord must be recorded; the results of such re -  
cordings are described in this paper.  

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

Experiments were conducted on 18 cats with an intact  centra l  nervous system, anesthet ized by in t raper i toneal  
in jec t ion  of a mixture of chloralose (45 mg/kg)  and Nembuta l  (18 mg/kg) .  

The potentials  were recorded in t racel lu lar ly  by the usual method [2], pr incipal ly  at the level  of the 8th-6th 
lumbar segments. For ident i f ica t ion  on the basis of ant idromic exci ta t ion  of the motor neurons, the main  muscular 
nerves of the corresponding hind l imb were dissected (nerves to the posterior biceps, semitendinosus, and quadriceps), 
and st imulat ing electrodes were fixed to them; the dorsal roots usually were not divided, for ant idromic exci ta t ion  

of the ce l l  appears after a shorter latent  period than orth0dromic monosynaptic  exci ta t ion,  and can easily be dif-  
ferent ia ted from it. k constant check on the exc i tab i l i ty  of the nerves was made on the basis of recordings of the 
act ion poten t ia l  of the afferent wave from the dorsal surface of the brain. This wave was recorded on the osc i l lo-  
graph in step with the in t racel lular  response. 

k flow of afferent impulses was evoked by e l ec t r i ca l  s t imulat ion of the central  end of the splanchnic nerve. 
For this purpose the splanchnic nerve was dissected from the loose tissue of the abdominal  and thoracic cavit ies  as 
far as its point  of entry into the sympathet ic  chain, and i t  was divided at  the coe l i ac  ganglion.  The dissected end 
of the splanchnic nerve was brought out to the dorsal surface of the an imal ' s  body and buried, l ike the l imb nerves, 
in an o i l  bath formed from the surrounding tissues. 

The splanchnic nerve was s t imulated not more frequently than once per second, for at a higher frequency of 

s t imula t ion  rapid a t tenuat ion of the visceromotor reflexes took p lace  [13, 15]. In some experiments  for comparison 
one of the intercostal  nerves also was s t imulated.  The strength of s t imulat ion of the splanchnic nerve varied from 
I to 20 V. To determine the groups of fibers exci ted by a current of this voltage, recordings were made  of the 
monophasic ac t ion potentials  of the splanchnic nerve, isolated together with the sympathet ic  chain and p laced  in 

oxygen-enr iched Ringer's solution. Recordings were made from the nerve immersed in minera l  oi l  at 37 ~ 
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E X P E R I M E N T A L  R E S U L T S  

The results of the in t racel lu lar  recording of the potentials of 
50 identif ied flexor and extensor motor neurons in the lumbar por-  

tion of the spinal cord showed that each of these groups was char-  
ac ter ized  by postsynaptic potentials  of re la t ive ly  constant type, 
found in nearly a l l  the investigated neurons. The results of the re-  
cording are given in the table,  and they show the character  of the 
developing postsynaptic react ion and the percentage of ceils  in 
which it was found, together with the mean  length of the latent  

period of the reaction.  

The postsynaptic changes in the flexor motor neurons took 
the form of a fairly intensive and very prolonged depolar iza t ion 
(exci ta tory postsynaptic potent ia ls -EPSP) .  The course of depolar i -  

za t ion was very irregular in character;  however, among the waves 
of synaptie depolar iza t ion  it was s t i l l  possible to distinguish fairly 
c lear ly  components with a latent  period of development  and with 
ma x ima l  intensity (Fig. 1). This difference was seen more c l ea r -  

ly during weak s t imulat ion of the splanchnic nerve, when the in-  

dividual  components of the EPSP often appeared to be separate 
and did not merge with one another. 

The ear l ies t  EPSP regularly appeared in the motor neurons 
with a la tent  period of 25-30 msec. This postsynaptic act ivi ty,  
however, was of very low ampl i tude  and it rarely led to the gen-  
erat ion of a spreading impulse.  After 50-60 msec another, much 

more intensive, wave of postsynaptic ac t iv i ty  appeared, marked by 

considerable duration (as much as 100 msec or more) and va r iab i l -  
ity. After reaching the threshold level ,  the synaptic depola r iza -  
tion at  this period often led to the generat ion of one, and some-  

t imes of two or three spreading impulses (Fig. 1A). The appearance 
of an ac t ion potent ia l  was associated with the subsequent weaken-  
ing of the synaptic depolar izat ion,  although it was usually not 

abo l i shed  comple te ly  and i t  soon began to increase again.  

In a very few invest igated motor neurons, during stimulatifln 
of the splanchnic nerve a very weak ac t iv i ty  arising much sooner 
than the two pr inc ipa l  phases described above, and with a latent  
period of about 12-15 msec, was recorded.  It was diff icult  to di f -  
ferent ia te  from the ext racel lu lar  f ield;  its intensity did not ex-  

ceed 200-500 ~V. 

The changes evoked in the same motor neuron by s t imula-  
tion of the ipsi-  and contra la tera l  splanchnic nerve were of the 
same sign; no evidence of the reciproci ty  of the synaptic changes 
was observed (Fig. 2). In some cases the la tent  period of thepos t -  
synaptic changes produced by impulses from the cont ra la te ra lnerve  
was a few mil l iseconds shorter than the la tent  period of Lhe ipsi-  
la te ra l  changes, while their ampl i tude  was slightly larger; how- 
ever, no s tat is t icalIy s ignif icant  difference could be found between 

these changes. 

The appl ica t ion  of a series of st imuli  (frequency 100 pulses/  
sec) instead of a single stimulus to the splanchnic nerve was rather 
more effect ive in evoking synaptic processes in the motor neuron, 
espec ia l ly  in re la t ion to the weaker in i t i a l  component of the r e -  

act ion (Fig. 1B). 
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Fig. 1. Postsynaptic potentials  of flexor motor neurons during s t imula t ion  of 
the spIanchnic nerve. A) Appl icat ion of a single stimulus of different  strength 
to the splanchnic nerve; top c u r v e - p o t e n t i a l  of dorsal surface of the spinal 
cord, b o t t o m - s y n a p t i c  potent ia l  of motor neuron; B) postsynaptic potent ia l  
of another motor neuron arising during s t imulat ion of the splanchnic nerve 
with a single pulse and a series of pulses. The oscil lograms were obtained by 

superposing several  paths of the beam in step with the stimulus. 

iS, Stay 
i " |  

Fig. 2. Postsynaptic po ten t ia l  of two flexor motor neurons 
during s t imulat ion of the ipsi-(I) and cont ra la tera l  (II) 
splanchnic nerves. Top o s c i l l o g r a m s - a  single pa tho f the  
beam and s t imulat ion with a series of pulses; bottom - 
superposition of several  paths of the beam and st imulat ion 
with a single pulse. 

Comparison of the threshold strength of s t imu la -  
t ion of the splanchnic nerves required for the appearance 
of a synaptic react ion with the ac t ion potentials  of the 
isolated nerve and of the sympathet ic  chain showed that  
both components of the synaptic react ion were con-  
nected with excitatiQn of the fibers of group A 2/- 6. 

The postsynaptic changes in the extensor motor 
neurons consisted of the same phases as those found in 

the flexor motor neurons, but the character  of the 
changes of polar iza t ion  of the postsynaptic membrane  
in this case differed substantial ly from that in the pre-  

ceding case. The first component  of the postsynaptic 

changes, which in this case had a sl ightly longer latent  
period than the analogous component  in the flexor 

motor neurons, could be ei ther depolar ized or hyper-  
polar ized;  the re la t ive  frequency in percent  with which 
these components appeared is g iven in the table .  The 

oscil lograms obtained when recordings were made from 
two different extensor motor neurons (Fig. 8) c lear ly  
revea l  the differences in the character  of the first c o m -  
ponents of the postsynaptic changes. 

Unlike the first, the pr inc ipa l  second component  
of the postsynaptic changes was always hyperpolar ized 
(inhibitory):  the inhibitory postsynaptic potent ia l  in 
this case was of very considerable duration and ampl i tude .  

The postsynaptic changes in the extensor motor neurons s imilar ly  depended on the number of s t imulat ing pulses 
appl ied  and the strength of s t imula t ion  of the splanchnic nerve, l ike the changes in the flexor cells .  The /psi-  and 
contra la tera l  effects likewise were p rac t i ca l ly  ident ica l .  

The postsynaptic potent ials  thus demonstrated are the basis of the visceromotor ac t iv i ty  previously invest igated 

by many authors. 
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Fig. 3. Postsynaptic potentials  of extensor motor neurons during s t imula -  

tion of the splanchnic nerve. A)A single stimulus appl ied  to the ipsi-  

la te ra l  splanchnic nerve in different strengths; top c u r v e - p o t e n t i a l  on 
the dorsal surface of the spinal cord, b o t t o m - s y n a p t i c  potent ia l  of the 
motor neuron, The oscil lograms were obtained by superposition of sev-  
eral  paths of the beam; B) postsynaptic potent ia l  of an extensor motor 

neuron of another type. The oscil lograms were obtained by a single 

path of the beam and s t imulat ion of the ips i la tera l  splanchnic nerveby  a 
series of pulses. 

Measurements of the latent  period of the polysynaptic  discharges arising in the ventral  roots of the lumbar por-  
tion of the spinal cord in response to s t imulat ion of the splanchnic nerve, undertaken in different laboratories, have 
led to similar ,  but not absolutely iden t i ca l  results. Evans and McPherson [15] give the latent  period of the p o l y -  
synaptic discharge in the ips i la tera l  6th ventral  lumbar root as 15-30 msec. According to Duda [14], the latent  
period of the discharge in the same region during m a x i m a l  s t imulat ion of the splanchnic nerve is 20-30 msec, and 

during submaximal  s t imulat ion,  35-40 msec; in these circumstances,  as the present results have show, the reflex 
discharge is often subdivided into two components.  

The results of the in t race l lu lar  recordings from ident if ied motor neurons described above demonstrate the 
synaptic organizat ion and functional  structure of the motor act ivi ty  evoked by impulses from the splanchnic nerve. 
These impulses evident ly  ac t iva te  two systems of synaptic influences on the motor neurons. One of these, the stronger 

and, judging by the longer latent  period, the more complex,  act ivates  the flexor and inhibits the extensor motor 
neurons. The prolonged nature of the postsynaptic processes arising during act ivat ion of this system by a single af-  

ferent wave from the splanchnic nerve, predisposing to asynchronism of the motor discharge, must be responsible for 

the tonic character  of the motor ac t iv i ty .  

The other synaptic system is faster but less effect ive and it shows no c lear ly  defined organizat ion on the 

rec iprocal  principle.  Evidently the de te rmina t ion  of the principles of its functional  organizat ion requires a more 
de ta i led  different iat ion of the motor  neurons, for example  into phased and tonic, which was not done in this inves- 

t igation.  

Finally;  there is reason m postulate the existence of yet  another system of transmission of influences to the 
motor neurons of the lumbar segment,  functioning with an especial ly  short latent  period (of the order of 15 msec). 
However, in the conditions of the present experiments  (an intact  nervous system and general  anesthesia), its e f fec-  
tiveness Was so low that in rnost cases i t  could not be demonstrated in prac t ice .  It may be supposed that this lower-  
ing of the effectiveness of this system was associated with its act ive depression by the descending tonic influences 
from the higher levels of the centra l  nervous system, and in par t icular  with depression of the transmission from the 
internuncial  neurons to the lumbar motor  neurons. Internuncial  neurons were discovered in the lumbar segment 
which responded to s t imulat ion of the spianchnic nerve with a very short la tent  period. The more precise solution 
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of ~is problem must await investigations of the synaptie processes in the motor neurons during exclusion of descend- 
ing influences (for example, by transection of the spinal cord). 

The synaptic processes discovered in this present study are dependent on activation of the A, 7, and 6 fibers 
in the splanchnic nerve, which coincides with the analogous dependence of the polysynaptic discharge in the inter- 
costal nerves and the ventral roots [11]. 

The intraspinal pathways of these influences call for special study. All that is known is that the visceromotor 
influences from the splanchnic nerve are transmitted to the lower segments by propriospinal pathways, independent- 
ly of a disturbance of the sympathetic trunk in these segments [13], and the transfer of activity to the contralateral 
side may take place through intraspinal pathways in segments situated proximally to the point of entry of the af-  
ferent fibers of the splanehnic nerve into the spinal cord [11, 16]. 
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A l 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 i b l i o g r a p h y  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  of  the  a b b r e v i a t i o n s  as  g i v e n  in  the o r i g i n a l  R u s s i a n  j o u r n a l .  Some  o r  al l  o f  th i s  pe r i -  
o d i c a l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  of  the  c o v e r - t o -  
cover  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  back  o f  the  f i r s t  i s s u e  o f  t h i s  year .  

609 


