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Although the hypotha lamic  structures play an important  role in the regulat ion of motor acts and muscle tone 
[5, 6, 8, 11], the ce l lu lar  mechanisms of the descending influences from the hypothalamus to the centers of the 
spinal  cord have not yet  been studied. In the present investigation the method of intracel lular  microelec t rodes  was 
used to study the f ac ika t ing  and inhibitory effects arising in the motor and internuncial  neurons of the ventral  horns 

during s t imulat ion of the posterior and l a te ra l  hypothalamus,  and atso of the hippocampus,  which has descending 

connections with the hypotha lamic  formations and the structures of the mesencephalon which take part in the supra- 
segmenta l  controt of the spinal reflexes [7, 9, 14]. 

M E T H O D  

Experiments were conducted on 17 cats. Laminectomy,  and isolation and division of the nerves and roots were 

performed under nembutal  (35-40 m g / k g  intraper i toneal ly)  or ether anesthesia. The exper iment  began not less than 
5-6 h after inject ion of nembuta l  (6 cats) or 2-4 h after adminis t ra t ion of ether ceased (11 cats). The animals  were 
immobi l i zed  with muscle relaxants (diplacin,  tubocurarine) and mainta ined on a r t i f ic ia l  respiration. 

For suprasegmental  s t imulat ion,  monopolar tungsten electrodes with a d iamate r  of 60-80it , and insulated 
throughout their Iength except  at the end, were used. The s t imulat ing pulses were rectangular  in shape, with an 

ampl i tude  of 1-6 V, and they were applied at a frequency of between 0.5 and 1000 per sec (usually within the 
range 40-300/sec) .  The e lect rodes  were inserted into the brain by means of the Horsley-Clarke s tereotaxic  ap- 
paratus. The  position of the end of the e lec t rode  was verified h is to logica l ly  after each exper iment  by preparat ion 
of serial  sections. 

In a l l  the experiments  the dorsal roots were divided from L s to S I to interrupt the ~- loops .  In some exper i -  
ments the ventral  roots also were divided,  and their  centra l  segments served to identify the neurons. If the ventral  
roots remained intact ,  the nerve of the gastrocnemins muscle and the peroneat  nerve were used for antidrornie 
s t imulat ion,  which allowed the extensor and flexor motor neurons to be distinguished. 

The potentials were recorded by an int racel lular  technique using glass cap i l la ry  electrodes,  the end of which 
was less than 1 g in d iameter .  By incorporating these electrodes in a bridge circuit ,  the cells under investigation 
could be s t imulated d i rec t ly  [2]. 

R E S U L T S  

Descending influences on the cells of the spinal cord were found main ly  during s t imulat ion of the posterior 
and la te ra l  hypothalamus on the same side. During s t imulat ion of the hippocampus,  the most obvious effects were 
observed from the ips i la tera l  ventral  hippocampus (although responses were also recorded during s t imulat ion of the 
ipsi- and contra la tera l  posterior hippocampus).  

St imulat ion of the hypotha lamic  structures caused both exci ta t ion  and inhibition of the lumbar motor neurons. 
The exci ta tory  effects were accompanied  by depolar iza t ion  of the postsynaptic m e m b r a n e - b y  exci ta tory  postsynaptic 
potentials (EPSP), which, on reaching the c r i t i ca l  level ,  caused the generation of act ion potentials (AP). 
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Fig. 1. Examples of responses of motor neurons to 
s t imulat ion of posterior hypothalamus at different 

frequencies. A, B, C) Before inject ion of strych- 
nine; D) after inject ion of strychnine in a dose of 
0.2 mg/kg .  Signif icance of curves (from top to 
bottom):  responses of ce l l ,  marker  of st imulation.  

Depending on their character ,  the reactions to ex- 

c i ta t ion could be divided into three principal  types. 

1. Responses resembling monosynaptic reactions 
(Fig. 1A). These appeared after a short latent period 

(7.5-6 msec), from which, taking into consideration the 
conduction, t ime,  it was concluded that no addit ional  

synaptic delays were present (the latent period was deter-  
mined from the interval  between the stimulus and the 
beginning of the EPSP). The duration and form of these 

EPSPs were s imilar  to the corresponding parameters of the 

segmental  monosynaptic reactions, and the cr i t ica l  leve l  
for generation of  APs was 7-12 inV. In the course of, and 
after, rhythmic s t imulat ion obvious potentiat ion of the 
EPSP was observed. 

The af te r -hyperpolar iza t ion  developing after the AP 

abruptly lowered the ampl i tude  of the EPSP and l imited 
the max imal  rhythm of repet i t ion of the AP (not more than 
10-20/sec) .  The number of motor neurons from which re- 
sponses of "monosynapt ic"  type could be recorded was 

small  (6 of 127 neurons ac t iva ted  during st imulat ion of the 

hypothalamus).  

2. Responses of polysynaptic type (Fig. 1B). The 
EPSPs were character ized by a long and inconstant latent  
period (from 7-8 to 10-15 msee), a long duration (up to 
20-40 msec), and an irregular shape. If the frequency of 

rhythm ic s t imulat ion w as high enough (40- 80/sec or more), 
the individual  EPSPs merged to form a continuous plateau 
of depolar izat ion,  with APs appearing at the summit,  their 
frequency reaching 80-90/sec  even when measured over 

re la t ive ly  long t ime intervais (300-500 msec), while the 
interval between individual  APs fel l  to 3-4 msec, corre- 

sponding approximate ly  to 300 pulses/sec. 

The results described accord well  with the data obtained in experiments  in which intracel lular  recordings were 
made from the motor neurons of the cat  when ac t iva ted  through segmenta l  potysynaptic pathways [1] or by the pass- 
age of a depolar iz ing  current [2J. The rate of increase of depolar iza t ion  depended on the frequency of st imulation:  

with an increase in the frequency, depolar iza t ion  reached its maximum more quickly.  Because postsynaptic de-  

polar izat ion frequently developed very gradually,  the t ime from the beginning of depolar iza t ion  to the appearance 
of the AP was measured in tens, and sometimes in hundreds, of mill iseconds.  In such cases the c r i t i ca l  level  for 
generation of APs rose to 15-20 inV. Having reached its maximal  level ,  the depolar iza t ion  plateau sometimes re- 
mained stable for many hundreds of mill iseconds.  In some cells,  despite the continuing st imulation,  the responses 

of the motor neuron were broken up into separate waves of depolar iza t ion with an ampl i tude  of 15-20 mV and a 
duration of 200-500 msec, repeated at intervals of 0.5-1.0 sec. For a period of 2.5 sec after the end of s t imulat ion 

such waves continued to arise "spontaneously" in the form of a prolonged af ter-effect .  

Intensive depolar iza t ion  of the motor neurons partly or comple te ly  abolished the role of the af ter -hyperpolar i -  
zat ion in l imi t ing  the frequency of repeti t ion of the AP. A change in the rate of growth and in the ampl i tude  of 
postsynaptic depolar iza t ion ,  depending on the frequency of s t imulat ion,  provided an effect ive  gradual control of the 
frequency of the rhythmic ac t iv i ty  of the motor neuron. The graph in Fig. 2 shows that during st imulat ion with a 
frequency of 20-200/sec  the relationship between the frequency of s t imulat ion and the frequency of development  
of impulses in the motor neuron was l inear in character ,  although there was no direct  correlat ion between the num- 
ber of st imuli  and the number of response APs; After the frequency of discharges of the motor neuron had reached 
its m a x i m a l  value,  a further increase in the frequency of st imulation was accompanied  by a gradual fall  in the num- 
ber of APs arising in the cel l .  These phenomena were seen most c lear ly  during st imulat ion with a frequency higher 

than 500- 600/sec.  
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Activity of the same cell during stimulation 
of the posterior hypothalamus with stimuli of different 
frequency, and graph of relationship between frequen- 
cy of stimuli and response impulses of neurons. The 
numbers on the oscillograms denote the frequency of 
st irn ulation. 

3. In response to single stimuli, and also during 
rhythmic stimulation, no individual EPSPs were found. 
Depolarization developed very slowly and was confluent. 
The character of the discharges of the motor neurons 
was very similar to that of the spontaneous rhythmic 
activity. The latent period of development of the AP 
was measured in tens or hundreds of milliseconds. On 
account of the very smalt magnitude of the postsynaptic 
depolarization (7-10 mV), the after-hyperpolarization 
potentials arising after the APs disturbed it very consider- 
ably, and the intervals between individual APs were 
limited by the duration of the after-hyperpolarization. 
Hence, an increase in the frequency of stimulation led 
mainly to a decrease in the latent period of the discharges 
(Fig. 1C), and had very little effect on their frequency. 

Responses of the type described above were recorded, 
not only during stimulation of the hypothalamic structures, 
but also, characteristically, after stimulation of the hip- 
pocampus (11 motor neurons). When the stimuli applied 
from the hippocampus were of considerable amplitude 
(5-6 V), responses of polysynaptic type could also be ob- 
tained, but after a longer delay (20-30 msec) than in the 
case of stimulation of the hypothalamus. Nevertheless, 
the main part of the latent period of the AP, amounting 
to 0.5-1.0 sec, corresponded to the t ime of growth of the 
postsynaptic depolarization to the critical level. The 
postsynaptic depolarization arising during stimulation of 
the investigated suprasegmental structures, increased the 
frequency of the spontaneous rhythmic activity of the 
motor neurons and facilitated their responses to synaptic 
and direct stimulation. 

Stimulation of the posterior and lateral hypothalamus 
and of the hippocampus was also accompanied by inhibi- 
tory reactions, manifested most commonly (in 74 motor 
neurons out of a total number of 89 inhibitable units) as 
hyperpolarization of the m e m b r a n e - b y  inhibitory post- 
synaptic potentials (IPSP). These potentials were rarely 
evoked by single stimuli. Usually for appreciable hyper- 
polarization to develop, rhythmic stimulation was re- 
quired. The intensity and rate of development of hyper- 

polarization increased with an increase in the frequency of stimulation. The most marked effects were observed 
during tetanization with a frequency of 100-300/sec. In spontaneously active motor neurons, with a constant initial 
background, a nearly linear relationship was found between the degree of the inhibitory effect and the frequency of 
stimulation (Fig. 3). 

After the cessation of stimulation a rebound phenomenon was observed in many motor neurons. The onset of 
postinhibitory excitation was accompanied by postsynaptic depolarization (EPSP), the intensity of which, and also 
the frequency of the discharges of the motor neuron, were dependent on the frequency of the inhibitory stimuli 
(see Fig. 3), 

Finally. in some cases (17 motor neurons), mixed reactions were recorded (EPSP and IPSP) during stimulation 
of the lateral or posterior hypothatamus. In the cells giving mixed responses, mainly inhibition or facilitation could 
be obtained by varying the frequency of stimulation. With low frequencies of stimulation (40-80/sec)  facilitation 
was usually the predominant effect, while an increase in the frequency of stimulation to 200-300/see abolished the 
facilitation and left only the hyperpolarization. These findings may be regarded as the result of activation of the 
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Fig. 3. Inhibition and rebound in the same 
motor neuron during st imulat ion of the la tera l  

hypothalamus with s t imuli  of different fre- 
quencies,  and graph showing the relationship 
between the frequency of the spontaneous 
rhythmic ac t iv i ty  and the frequency of st imu- 
lat ion of the posterior hypothalamus.  The 
numbers on the oscil lograms denote the fre- 

quency of st imulation.  

exci tatory and inhibitory structures simultaneously by the stimu- 
lating electrode,  and also of differences in the ac t iv i ty  of these 
structures to respond to rhythmic st imulation.  

Besides the motor  ce l l s ,  the iinternuncial neurons of the ven- 
t ra l  horns also reacted to s t imulat ion of the investigated supra- 
segmental  structures. The responses of the internuncial  neurons 
to single st imuli  were, as a rule, less intensive than the responses 
of these same cells to afferent  st imulation.  Nevertheless, many 

internuncial  cel ls  gave long discharges of high frequency during 

rhythmic suprasegmental  s t imulation,  l ike the long postsynaptic 
reactions of the motor neurons. 

St imulat ion of the hypothalamus, unlike s t imulat ion of the 
cerebel lum [3], frequently caused inhibition of the ac t iv i ty  of 

the internuncial  ceils.  

Effect of depressants and stimulants. The effects produced 
by st imulat ion of the hypo tha t amic  structures, and especia l ly  of 
the hippocampus, proved highty sensitive to anesthetics.  In ani-  
mals anesthetized with nembuta l  for the operation it was diff icult  
to find reactions of polysynaptic type even 5-6 h after adminis tra-  
tion of the drug. Inject ion of small  doses of nembutal  (3-5 mg/kg)  
led to a sharp reduction in the number of neurons act ivated during 
st imulat ion of the above-ment ioned structures. The highest ac-  
t iv i ty  of the neurons was recorded in animals undergoing opera:  
t ion under ether,  a few hours after te rminat ion  of the anesthesia. 

Strychnine had hardly any effect  on the responses of mono- 

synaptic type and caused a sharp increase in the polysynaptic 
reactions of the motor neurons. In the "silent" ceils  these reac- 
tions became ident ica l  with the reactions arising in response to 
s t imulat ion of the dorsal roots or the afferent nerves. In the ceils 

with paroxysmal ac t iv i ty ,  appl icat ion of high-frequency st imuli  
to the hypothalamns led to intensive postsynaptic depolar izat ion,  
accompanied by phenomena of cathodic depression (Fig. 1D). As 
in the case of s t imulat ion of the other suprasegmental  formations 
[3, 4], inhibit ion of strychnine tetanus during s t imulat ion of the 
hypothalamus and hippocampus may  develop without hyperpolar i -  
zation of the ce l l  as a result of a disturbance of the development  
of slow depolar iza t ion waves. After adminis trat ion of strychnine 

an IPSP may  appear,  even in response to single s t imuli  applied to the hippocampus.  The changes observed may be 

regarded as faci l i ta t ion of the reactions effected through mukisynapt ic  pathways. 

The results of these experiments agree with data in respect of the descending connections of the hypothalamus 
and hippocampus [7, 10-12, 14, 15]. The hypothalamus is connected with the spinal cord main ly  by tracts with 
synaptic relays in the mesencephalon and medul la ,  although there are indications that some of the efferent fibers 
composing the bundle of Schtitz form monosynaptic  connections with spinal e lements  [15, 16J. The  effects obtained 
from the hippocampus may  be transmitted to the spinal  cord solely through relays situated in the hypothalamus and 

the mesencephalon.  

The effects transmitted through mult isynapt ic ,  diffuse pathways may evoke both an intensive depolar iza t ion  
of the motor neurons and an even depolar iza t ion  of low ampli tude.  It may be assumed that in the first case exc i ta -  
t ion is associated with act ivat ion of synapses terminat ing on the ce l l  body, and in the second case with act ivat ion 

of axodendrite connections. 

The  results obtained show that the descending influences which were investigated,  depending on the f requency 
of ac t ivat ion of the corresponding structures, may exert  an effectix}e control,  capable  of a wide range of  adjustment,  
on the frequency of the rhythmic ac t iv i ty  and on the latent  period of the responses of the motor neurons, and also 
on the intensity and the rate of inhibition of their act ivi ty .  
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All  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 iven  in the o r ig in a l  R u s s i a n  journal .  Some or all  of  th is  peri-  

od i ca l  l i t e ra ture  may wel l  be  a v a i l a b l e  in Engl ish  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  a p p e a r s  at the  back  of  th i s  i s s u e .  
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