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The results of the study of the pathways carrying visceral afferent impulses into the spinal cord [3-5] and of 

the character of the synaptic reactions in the motor neurons during visceral st imulation in cats with an intact  cen-  

tral nervous system and in spinal animals [1, 2] have led to the suggestion that a supraspinal mechanism of regula-  

tion of the visceromotor reflexes may exist. Meanwhile, the supraspinal structures may also play a direct part in 

the visceromotor reflexes themselves. 

Division of the spinal cord in the cervical  portion causes facili tation of the transmission of visceral iufluences 

to the motor neurons and causes their increased irradiation along the spinal cord [4, 5]. Consequently, we can speak 

of the inhibitory effect of the suprasegmentary structures on the visceromotor reflexes. 

The mechanism of this supraspinal control is very interesting. To explain it, a study was made of the charac-  

ter and order of excitation of the various neuronal structures of the lumbar portion of the spinal cord in response to 

visceral influences in spinaI animals. The results of the investigation were compared with analogous results obtained 

in animals with an intact  nervous system. 

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

Investigations were carried out on cats anesthetized with chloralose and Nembutal (45 and 15 mg/kg body 

weight). The method of dissection of the somatic and the greater splanchnic nerves and the details of their s t imu-  
lat ion have been described earlier [3]. The spinal cord was divided at the 1eve1 of the second cervical vertebra, 

and the animal  was transferred to artificial  respiration and paralyzed with tubarine (D-tubocuraine chloride) in a 
dose of 1-2 mg/kg body weight intravenously. 

The focal potentials were detected by means of glass microelectrodes with a point 5-10 g in diameter and a 

resistance of 0 .5 - t  m ~  at the level of the 5th lumbar segment of the spinal cord. The technique and order of re- 
cording the focal potentials were described earlier [3]. 

The reactions recorded were used to draw up a scheme of distribution of amplitudes of the focal potentials 

and the density of the currents throughout the cross section of the spinal cord at various t ime intervals after s t imu- 

lat ion of the ipsilateral splancI-mic nerve. From the results of several experiments, a scheme of the order of act iva-  

t ion of the neuronal structures of the 5th lumbar segment of the spinal cord during st imulation of the splanchaic 
nerve was also plotted. 

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

A previous investigation [3] conducted on cats with an intact  central nervous system showed that during st im- 
uIation of the ipsilateral splanchnic nerve the earliest e lectr ical  activity, with a latent period of 12-13 msec, ap- 

peared in the dorsal columns of the spinal cord. Later, after 16-17 msec, focal potentials appeared in the region of 
the lateral columns of the spinal cord, while after 19-20 msec, potentials appeared in the medial  part of the ventral 

horn and the adjacent white matter. In the region of the motor nuclei of the ventral horn, negativity was recorded 

after 17-18 msec in the zone of local izat ion of the flexor motor neurons, and after 18-19 msec, a powerful focus of 
positivity developed in the zone of the extensor motor neurons. 

After division of the spinal cord at the level of the second cervical vertebra, the pattern of the t ime sequence 
and the character of the focal potentials changed considerably. 
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Fig. 1. Distribution of e l ec t r i ca l  reactions evoked by st imulat ion of the ips i la tera l  
splanchnic nerve over the cross section of the spinal cord in spinal cats. A) Scheme 
of cross section of the 5th lumbar segment of the spinal cord. The lines denote the 
channels along which the microelec t rode  passed (1, 2, 3, 4), and the dots the depths 
at which the focal potentials indica ted  in B were recorded (an upward deflect ion of 

the beam corresponds to negat iv i ty  beneath the point of the microe lec t rode  and a 
downward deflect ion to positivity). C) Time sequence of act ivat ion of different 

neuronal structures of the 5th lumbar  segment  of the spinal cord during v isceromo-  
tor reflexes in spinal animals.  

suits of several  experiments.  
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Schemes of distribution of ampl i -  Fig. 2. 

tudes (in flY) of focal potentials (A) and 
density of sources and discharges of cur-  
rents (B) over the cross section of the 
spinal cord 30 msec after s t imulat ion of 
the ipsi la teral  splanchnic nerve. The re-  
gions in which the currents were d i rec ted  
into the cells are shown by strokes, and 
the regions where the currents are l eav -  
ing the cells - by dots. 

Mean values of latent  periods (in msec) from re -  

Examples of the focal  potentials arising in the 5th lumbar seg-  
ment of the spinal cord during s t imulat ion of the ips i la tera l  splanch-  
nic nerve in spinal animals are given in Fig. 1B. A scheme of the 
cross section of this segment is shown in Fig. 1A, and on i t  are super- 
posed the channels along which the microelec t rode  passed into the 
spinal cord and the points from which the corresponding e lec t r i ca l  re -  
actions were obtained. 

Analysis of these reactions shows that the latent  period and dura-  
tion of the potentials arising in different parts of the 5th lumbar seg- 

ment  of the spinal  cord during s t imula t ion  of the splanchnic nerve 
were shorter than those in animals with an in tac t  nervous system. 

The latent  periods of the e lec t r i ca l  reactions recorded in di f -  
ferent parts of the spinal cord were unequal. The distribution of the 
latent  periods of the reactions over the cross section of the 5th lum-  
bar segment of the spinai  cord is shown in Fig. 1C. The earl iest  posi-  
t ive e lec t r i ca l  reactions as in the animals with the intact  nervous 
system, appeared in the media l  part Of the dorsal column. Their 
la tent  period was 12-13 reset.  However, besides these reactions, con-  
siderable focal potentials also appeared rapidly in the region of the 
substantia gelat inosa and in the adjacent  areas of the dorsal horn. In 
animals with an in tac t  centra l  nervous system analogous ac t iv i ty  in 
this region was observed much la ter  - after 16 msec and more, 

When 14-15 msec had elapsed after s t imulat ion,  e lectroposi t ivi ty  covered the whole dorsal horn and column 
and also spread to the la te ra l  column and to the region of the in te rmedia te  nucleus of the gray mat ter  of the spinal 
cord. Meanwhile,  in the media l  part of  the ventral  horn negat ivi ty  had developed and spread towards the motor 
nuclei  of the spinal cord. The la tent  period of the appearance of the focal potentials in the region of the motor 
neurons of the ventral  horn was 15-17 msec. 

To make  a more deta i led  analysis of the processes in the various parts of the conducting tracts of the v isce-  
romotor reflexes, schemes of the distribution of the ampl i tude  of the focal  potentials and the density of the i ncom-  
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Fig. 3. Distribution of amplitudes of fo- 

cal  potentials (A) and density of sources 

and discharges of currents (B) over the 

cross section of the spinal cord 50 msec 

after st imulation of the ipsilateral 

splanchnic nerve, Legend as in Fig. 2. 

ing and outgoing currents in the 5th lumbar segment of the spinal cord 

were compiled at various t ime intervals (30 and 50 msec) after s t im- 

ulation of the ipsilateral splanchnic nerve. 

The positive electr ical  reactions in the region of the dorsal 

horn, and the dorsal and lateral  columns reached their maximal  values 
(up to 400 /~V) 30 msec after application of the stimulus (Fig. 2A). 

The region of negativity covered nearly the whole ventral horn and 

the adjacent white matter, evidently indicat ing the development of 

excitatory postsynaptic potentials in the majority of the motor neu-  

rons and the ventral horn. A map of the densities of the ingoing and 

outgoing currents in the spinal cord 30 msec after st imulation of the 

splanchnic nerve (Fig. 2B) shows that in this period the region of the 

motor nuclei  of the ventral horn is a region of main ly incoming  current. 

The essential difference between the electr ical  reactions of the 

region of the motor nuclei in the spinal animals was the absence of 

the characteristic positive focal potentials in the region of the exten- 
sor motor neurons, usually observed in response to visceral influences 

in animals with an intact  nervous system. 

A distribution of electr ical  fields over the cross section of the spinal cord typical  for depolarization of the 

central  terminals of the afferent endings was observed 50 msec after s t imulat ion of the splanchnic nerve (Fig. 3A, B) 

in the spinal animals [6-8]. (positivity in the region of the dorsal column, which corresponds to negativity in the 

dorsal horn - A.) The region of the dorsal horn is a region of mainly incoming currents, and the dorsal column of 
outgoing (B). 

The negativity preserved at this period in the zone of the motor nuclei of the ventral  horn was evidently a 

residue of the postsynaptic processes in the motor neurons. 

D I S C U S S I O N  OF R E S U L T S  

From a comparison of the spatial and temporal sequence of excitation of the neuronal structures in the 6th 

lumbar segment of the spinal cord in spinal cats and animals with an intact  central nervous system, some definite 

conclusions may be drawn regarding the local izat ion of the supraspinal inhibitory influences of intraspinal trans- 
mission of visceromotor impulses. 

The fact that during stimulation of the splanctmic nerve, both in animals with an intact  central nervous sys- 

tem and in spinal cats, the earliest activity with a latent period of 12-13 msec appeared in the medial part of the 

dorsal columns shows that the pathway of rapid conduction of visceral impulses passes through this region. Since 

the latent  periods of the electr ical  reactions in the region of the dorsal column in spinal animals and animals with 

an intact  central nervous system are identical ,  i t  may be concluded that the supraspinal centers have no influence 
on these rapidly conducting pathways. 

In contrast to the posterior columns, the activity in the region of the apex of the dorsal horn and the adjacent 

part of the lateral column in the spinal animals appeared much earlier and was more intensive than in the animals 

with an intact  nervous system. Evidently the propriospinal system, transmitting visceral influences, which is under 

the tonic inhibitory control of the supraspinal centers, passes through these regions. When the connections between 

the spinal cord and the suprasegmentary structures are disturbed, there is considerable facil i tat ion of the irradiation 
of visceromotor influences along the spinal cord through this system [4, 8]. 

The shortening of the la tent  periods of the electr ical  reactions in the region of the commissural and motor 

nuclei  of the spinal cord in the spinal animals indicates that this faci l i tat ion of transmission of visceral influences 

to the intermediate  and motor neurons takes place not only in the thoracic (8) but also in the lumbar portion of the 
spinal cord [2]. 

Removal of the supraspinal influences thus leads not only to de-inhibit ion of the pathways of intraspinal trans- 
mission of visceral influences. In these conditions the absence of positive electr ical  reactions in the region of the 
extensor motor neurons indicates that the inhibitory processes in the extensor motor neurons in response to visce- 
romotor influences are not a purely spinal phenomenon but are a component of the complex reaction taking place 
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with the participation of structures in the brain stem. This conclusion concerning the nature of the electrical reac-  
tions in the region of the nuclei of the motor neurons in spinal cats during visceral influences agrees with the results 
of intracellular recordings of synaptic processes in the motor neurons of the spinal cord in analogous conditions [1, 2]. 

S U M M A R Y  

Experiments on spinal cats under chloraeose-nembutal anesthesia (45 nag and 15 mg per kg of body weight) 
were carried out to study the t ime and spatial sequence of activation of different neuron structures of the 5th lumbar 
segment of the spinal cord in stimulation of the ipsilateral splanchnic nerve. 

The descending fast pathways of visceral impulses passing in the medial part of the dorsal columns of the 
spinal cord are outside of the sphere of control by the supraspinal centers. Analogous pathways passing in the region 
of the substantia gelatinosa and part of the lateral columns of the spinal cord adjoining the gray matter are under 
the tonic inhibitory influence of the supraspinal centers. 

Breaking off connections of the spinal cord with the suprasegmentary structures considerably facilitates the 
transmission of visceral impulses to the segmentary neurons. This disconnection also eliminates the transmission of 
introceptive inhibitory influences to extensor motoneurons. 
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