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Excitation and inhibition of spinal neurones during
supraspinal stimulation

By A. 1. Shapovalov

Sechenov Institute of Evolutionary Physiology and Biochemistry,
Leningrad, USSR

Descending influences from upper centres play an important role in regulation
of spinal activity and motor control. Since the discovery of the inhibition of
spinal cord reflexes during thalamic stimulation by Sechenov (1863) many data
have been obtained demonstrating supraspinal inhibitory and facilitatory effects
on motor activity.

Recently the understanding of the mechanism of supraspinal control has
been essentially improved through analysis carried out by intracellular investiga-
tion of synaptic events in spinal neurones. It was shown that supraspinal facilita-
tory and inhibitory effects develop in motoneurones due to EPSPs and IPSPs
respectively (Sasaki, Namikawa & Hashiramoto, 1960; Sasaki & Tanaka,
1963; Preston & Whitlock, 1961; Corazza, Fadiga & Parmeggiani, 1963;
Shapovalov & Arushanyan, 1963a, b; Jankowska, Lund, Lundberg & Pom-
peiano, 1964; Llinas & Terzuolo, 1964, 1965). It was found also, that descending
impulses may supress reflex responses of motor cells due to presynaptic in-
hibition (Andersen, Eccles & Sears, 1962).

At the same time there is some experimental evidence demonstrating certain
physiological and pharmacological differences between afferent and descending
influences® on spinal neurones. Thus in many cases it was found that only
repetitive or long-lasting stimuli are adequate for obtaining motoneuronal
responses during supraspinal stimulation (Terzuolo, 1959; Sasaki, Namikawa &
Hashiramoto, 1960; Corazza, Fadiga & Parmeggiani, 1963). Several investiga-
tions have shown that strychnine tetanus can be effectively suppressed by
supraspinal stimulation (Bremer, 1953; Gernandt & Terzuolo, 1955; Terzuolo,
1954; Terzuolo & Gernandt, 1956), since this drug blocks inhibitory actions
upon spinal motoneurones through various afferent pathways (Eccles, 1957).

The aim of the present study is to elucidate the pecularities of excitatory and
inhibitory synaptic effects produced in lumbar motoneurones during rhythmical
stimulation of different brain centres. Although a considerable number of
suprasegmental structures were stimulated, the main purpose was to compare
the descending influences via the most important descending fibre systems:
vestibulospinal, rubrospinal and corticospinal.
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Material and methods

The experiments were carried out on cats. Surgery was performed under nembutal
(30-40 mg/kg) or ether anaesthesia. The animal was left untouched for 4-6 hours
without any additional administration of anaesthetics. All cats were immobilised by
muscle relaxants (Flaxedil, Tubocurarine) and artificially respirated.

Unilateral L—S; dorsal roots were severed for interruption of the y-loop, and their
central parts were placed on bipolar stimulating electrodes. The corresponding
ventral roots were severed or left intact. In the latter case the muscle nerves were
used for antidromic stimulation,

Unipolar (tip diameter 50-80 px) and bipolar (90-100 u, with their bared tips
0.5-1.5 mm part) electrodes were used for stimulation of the following brain centres:
different parts of the brain stem, anterior lobe of cerebellum, pontine reticular forma-
tion, red nucleus, hypothalamus and sensorimotor and motor cortex. For vestibular
activation the stimulating electrodes were introduced into Deiters’ nucleus or were
placed on the round window after the bulla was opened. The electrodes were intro-
duced into the brain stereotactically and their location was examined histologically
by making serial sections. Through these electrodes single and repetitive rectangular
current pulses of 0.5 msec duration and 2-10 V strength were given to each focus.

For recording intracellular potentials from spinal neurones glass micropipettes
(resistance 5-15 M) filled with 3M-KCI, 2M potassium citrate or 0.6 M K,50,)
and a DC amplifier with cathode follower input were employed. A bridge arrangement
was used to stimulate the cell or change its membrane potential through the recording
electrode.

Results

Supraspinal excitatory action. EPSP evoked in motor cells by supraspinal stimuli
are chiefly polysynaptic in nature. The amount of depolarization evoked in a
motoneurone by descending volleys varies a great deal even in the case of
stimulating the same brain focus by impulses of constant strength and fre-
quency. When the shift in depolarizing direction due to summation of EPSPs
exeeds the firing level of the motoneuronal membrane, the cell may give long-
lasting high frequency discharges. Sustained postsynaptic depolarization is
removed only partly if at all, by action potentials (Fig. 1); therefore the interval
between discharges may be much shorter than by monosynaptic or antidromic
activation. The maximal frequency induced by supraspinal stimuli was found
to reach 80-90 action potentials per sec, which closely corresponds to the data
obtained by Adrian & Bronk (1929) by afferent rhythmic stimulation, and the
interval between some spikes may be as short as 3-3.5 msec. The amount of
postsynaptic depolarization is enhanced with the shortening of the interval
between stimuli and a linear relationship between frequency of stimulation and
frequency of motoneurone firing may result (Fig. 2). This agrees with the
finding of a linear relationship between the intensity of depolarizing current



Fig. 1. Responses of flexor
motoneurone to stimulation
of Red Nucleus. Frequen-
cies of stimulation are mar-
ked on each record. Lower
beam indicates the begin-
ning and end of the stimula-
tion.

Fig. 2. Responses of extensor mo-
toneurone to stimulation of poste-
rior hypothalamus. (Frequencies
of stimulation are marked on each
record) and relationship between
frequency of discharges (ordinate)
and frequency of stimulation (ab-
scissa). :
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injected into a cell and the frequency of its discharges (Granit, Kernell &
Shortess, 1963; Shapovalov, 1964). The highest frequency of firing of lumbar
motoneurones during supraspinal stimulation was recorded when hypothala-
mus and red nucleus were tetanized. High frequency discharges were found both
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in flexor and extensor motoneurones, although the latter could maintain more
persistent firing.

It should be noted that in most cases descending influences from all brain
centres did not reach the firing level of motoneurone or could evoke only a
few spikes. Nethertheless such a subthreshold plateau of depolarization is
quite effective in augmenting the frequency of spontaneous firing and may also
considerably increase the frequency of discharges evoked by artificial depolari-
zation of the cell membrane by injected current (Shapovalov & Arushanyan,
1965; Shapovalov & Shapovalova, 1965).

Clearly distinguishable postsynaptic depolarization in response to single
supraspinal stimuli was recorded only in the case of vestibular and red nucleus
stimulation, and also in a few cases of hypothalamic and cerebellar activation.
When a single shock is applied homolaterally to the round window or Deiters’
nucleus the postsynaptic response recorded from lumbar motoneurones con-
sists of two or three waves. Rather rarely (17 units from 57 cells giving excitatory
reactions) it was possible to distinguish a fast postsynaptic potential arising
with a very short latency (about 3 msec). The amplitude of the fast component
varied from 1 to 4 mV, its time course was similar to that of the monosynaptic
EPSP evoked by Group Ia afferent volley. The short latency and shape of this
potential makes it probable that connections between the pathway of the first
descending vestibular volley and some lumbar motoneurones are monosynaptic
as judged also by Gernandt, Katsuki & Livingston (1957) from ventral root
recordings. The second wave closely follows the first. It has a gradual rising
phase and duration of several tens of msec.

During repetitive vestibular stimulation by short trains of impulses the long-
lasting long latency response may be augmented to some extent. The short-
latency fast EPSPs arise on the front of the slow wave and marked potentiation
of the second and subsequent fast components may be observed (Fig. 3).
The potentiation depends upon the interval between vestibular stimuli.

Artificial changes of membrane potential by injected currents did not signi-
ficantly alter either the rapid monosynaptic-like component of the EPSP, or
the slow wave of postsynaptic depolarization. In some cases it can be seen
that the EPSPs were even increased in amplitude during depolarization and
decreased during hyperpolarization (Fig. 4). Control recordings obtained from
the same cells by dorsal root stimulation have shown that polysynaptic EPSPs
evoked by afferent volleys increased during hyperpolarization and decreased
during the action of depolarizing current. When a vestibular response was
evoked in a motoneurone subjected to background artifical depolarization, the
EPSP could reach the firing level and initiate an action potential (Fig. 4).
In most cases so far investigated only the more retarded part of EPSP but not
its fast component was connected with the generation of the spike.
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Fig. 3. Responses of motoneurone to single (A, and B,) and repetitive (A, and B,_,) stimuli
applied to round window. Time mark for B, 50 per sec. Frequency of stimulation A, — 100,
B, —80, B; — 110 and B, —200 per sec.

Fig. 4. Responses of motoneurone to single shocks applied to round window before (1),
during depolarization (2) and hyperpolarization (3) by injected currents, Upper beam is used
for current recording. Here and on all other figures downward deflection of current beam
indicates depolarizing direction, upward, hyperpolarizing direction.

Very short-latency post-synaptic responses were also obtained in lumbar
motoneurones by single or repetitive stimulation of the magnocellular part of
the contralateral red nucleus (4 units from 93 giving EPSP). The minimal latent
time was only 3 msec, which strongly suggests the monosynaptic nature of such
EPSPs. The total duration of these short-latency responses was about 1012 msec,
but the rising phase was rather slow compared with those of segmentary mono-
synaptic EPSP. On the rising phase or on the top of the fast rubrospinal EPSP
aninclination was often seen, suggesting the existence of a local response. During
single and especially rhythmic stimulation of the magnocellular part of the
nucleus slow postsynaptic depolarization appears (Fig. 5). With shortening of

Fig. 5. Responses of moto-
neurone to rubrospinal vol-
leys of different frequencies
(as indicated). Note diverse

speed of recording on A and
B. 15msec
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Fig. 6. EPSPs evoked by
rubrospinal volleys before
(I) and during injection of
hyperpolarizing (2, 3) and
depolarizing (4-6) currents.

the interval between stimuli, the slope of this slow depolarization, on which
monosynaptic-like EPSPs incline, increases.

Depolarization by injected current did not alter or augment, and hyper-
polarization reduced, the amplitude of the fast EPSP evoked by rubrospinal
stimuli. It may be seen in Fig. 6 that this effect depends chiefly upon the change
in size of the component which may be considered as a local response. With
increase of the intensity of depolarizing current, short-latency fast EPSP can
initiate an action potential followed by a pronounced after-hyperpolarization.
Using double shock stimulation it is possible to demonstrate that the amplitude
of the second EPSP depends characteristically upon the intervals between
stimuli (Fig. 7). Usually the second EPSP was depressed at intervals longer
that 10-15 msec and there was a phase of considerable potentiation at volley
intervals from 10 msec to 3-4 msec. Because of the potentiation of the
second EPSP and summation between first and the second response, double
shock stimulation can easily initiate the generation of an action potential.

%
L ]
140
100 %\%\h
O = i Fig. 7. Plotting of relative
o size of EPSPsevoked by a
60, . . second rubrospinal volley
. against volley interval.
Open and filled circles cor-
respond to two different

“fo 20 30 o k0 60 Po B0 msee cells.
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Fig. 8. Responses of moto-
neurone to rubrospinal vol-
leys of increasing duration of
train.

I +
2, -3

Very frequently during stimulation of the magnocellular and more rostral
parts of the red nucleus, purely polysynaptic (latency more than 9 msec)
responses were recorded. The amplitude and duration of such EPSPs depends
very markedly upon the number (Fig. 8) and the frequency (Fig. 9) of applied
shocks. In such cases, a single pulse usually cannot evoke a response which
is clearly distinguishable from the unitary potentials of synaptic noise (Fig.
8), but with increase in the number of stimuli, the amount of postsynaptic
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Fig. 9. Depolarizing responses of mo-
toneurone induced by rubrospinal vol-
leys of different frequencies but con-
stant number of shocks (a—e) and differ-
ent duration but constant frequency
(f-h).
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Fig. 10. Depolarizing response of motoneurone to brief rubrospinal trains before (1) and
during injection of depolarizing (2, 3) and hyperpolarizing (4-6) current.

Fig. 11. Response of motoneurone to brief corticospinal trains before (1) during injection of
depolarizing (2) and hyperpolarizing current (3).

depolarization very rapidly mounts. Increase in frequency of stimulation
without change in the number of shocks also very strongly affects the intensity
and the slope of the rising phase of the postsynaptic depolarization (Fig. 9 A-E).
The duration of the latter becomes longer when the number of shocks increases.
Yet depolarization persists for a considerable time after cessation of stimulation.
In the post-stimulating period a marked rise of synaptic noise frequency can
also be noted (Fig. 9, F-H).

The polysynaptic EPSP induced by rubrospinal impulses can be augmented
by artificial membrane hyperpolarization and depressed by injection of de-
polarizing current (Fig. 10) in the same way as polysynaptic EPSPs evoked
by afferent synaptic activation.

The results obtained in the course of stimulation of sensorimotor and motor
cortex and bulbar pyramids are essentially similar to those obtained by Corazza,
Fadiga & Parmeggiani (1963) who recorded reactions of cervical motoneurones
during pyramidal activation. Only repetitive stimulation was efficient in evoking
EPSPs of lumbar motoneurones, frequencies above 200-300 c/s being most
effective (Shapovalov & Arushanyan; 1965). The rate of rise and amplitude
of postsynaptic depolarization increased with the shortening of the interval
between stimuli. Postsynaptic depolarization evoked by pyramidal volleys
only rarely initiated spike discharges, being in most cases subthreshold for
action potential generation. Artificial polarization changed the amplitude of
the EPSP in the same direction as in the case of polysynaptic afferent EPSPs:
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it was augmented by hyperpolarizing and diminished by depolarizing current
(Fig. 11).

Effects of strychnine. Depolarizing postsynaptic responses of lumbar moto-
neurones were markedly augmented by intravenous injection of strychnine.
After administration of subconvulsive doses of the drug (0.1-0.15 mg/kg)
single shocks applied to any brain focus can elicit large EPSPs, the amplitude
of which was frequently adequate to initiate single or multiple discharges.
The amplitude and duration of such strychnine waves elicited by supraspinal
stimuli and dorsal root volleys were usually similar. If, before strychnine in-
jection, stimulation of the contralateral motor cortex and red nucleus evoked
EPSPs predominantly in flexor motoneurones and IPSP in extensor motor cells,
then after strychninization large depolarizing postsynaptic responses could
also be elicited easily in extensor motoneurones.

The similarity between EPSP-waves evoked by supraspinal and afferent
stimuli was manifested also by changes in the course of polarization of the cell
membrane by injected currents. As already shown (Shapovalov, 19625;
Fuortes & Nelson, 1963) the intracellularly-recorded strychnine wave evoked
by afferent stimulation can be markedly enhanced by artificial hyperpolariza-
tion and reduced by depolarization. Similar results were obtained by supra-
spinal stimulation of different brain foci including motor cortex, red nucleus
and vestibular apparatus. These results strongly suggest that strychnine waves
evoked by supraspinal stimulation are due to the excitation of segmentary
interneurones on which descending and afferent impulses converge.

Intracellular recording from interneurones located in the ventral horn has
shown that the responses of these cells to descending influences can usually
be markedly augmented after administration of strychnine and, as in the case
of motor cells, the responses to afferent and descending impulses can become
similar (Shapovalov & Arushanyan, 19635).

It must be noted that although in strychninized animals the response of
motor and internuncial cells to single supraspinal and afferent shocks usually
has a similar character, rhythmical stimulation discloses certain differences,
depending, it may be supposed, on the number of synaptic relays between acti-
vated centre and motoneurone (Fig. 12). It is seen that the ability of the same
cell to follow repetitive activation differs when different brain foci are stimu-
lated. These findings are also supported by the action of depressant drugs
(urethane, nembutal) on strychnine waves evoked by afferent and descending
impulses (Shapovalov & Arushanyan, 1964).

When large doses (0.2-0.3 mg/kg) of strychnine were administered and
typical convulsive discharges appeared, rhythmical stimulation of all supra-
spinal structures studied could effectively supress strychnine tetanus. This effect
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Fig. 12. Responses of motoneurone in a strychninized animal to dorsal root (I), reticular small
cellular nucleus (2), reticular magnocellular nucleus (3), motor nucleus of vagus (4) and motor
cortex (5). Frequency of stimulation 100 per sec in all cases

Fig. 13. Examples of suppression of strychnine convulsive discharges by rhythmic cerebellar
stimulation.

was observed by stimulation of the anterior lobe of the cerebellum (Shapo-
valov & Arushanyan, 1963 5), brain stem (Kawai & Sasaki, 1964; Shapovalov &
Arushanyan, 1965), motor cortex (Shapovalov & Arushanyan, 1965), hypo-
thalamus (Shapovalov & Arutynyan, 1964) and red nucleus (Shapovalov &
Shapovalova, 1965) and was also obtained during vestibular stimulation.
It was found that the mechanism of supraspinal block of strychnine tetanus
is the same for the stimulation of all brain foci. A typical record of suppression
of convulsive discharges is shown in Fig. 13. It may be seen that the blocking
action is caused by sustained postsynaptic depolarization due to summation
of EPSPs. The amplitude of the plateau can reach 25-30 and even 40 mV.
Such large and long-lasting depolarization can undoubtedly inactivate the
spike-generating mechanism of the motoneuronal membrane. The shunting
effect of strychnine depolarization (Fuortes & Nelson, 1963) may also be of
some importance. The effectiveness of the above-mentioned mode of blocking
of strychnine convulsions clearly depends upon the frequency of supraspinal
stimulation, increasing with the shortening of the interval between stimuli.

Tt must be emphasized that in addition to sustained postsynaptic depolariza-
tion, another important mechanism may be involved. During stimulation of
different brain foci it may be observed that the interval between spontaneous
strychnine waves, which usually have a rather constant frequency, becomes
shorter and this effect persists after cessation of stimulation. In some cases the
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changes in the interval between strychnine waves is accompanied by the
reduction of each wave (Fig. 13). This finding allows the conclusion that
descending impulses converging upon segmentary interneurones may affect
the strychnine tetanus on the interneuronal level as well.

Supraspinal inhibition. IPSPs were recorded in lumbar motoneurones during
stimulation of the brain stem reticular formation, pyramids, vestibular appa-
ratus, cerebellum, red nucleus, hypothalamus, sensorimotor and motor cortex.
The latency of a hyperpolarizing IPSP elicited by descending volleys was
always longer by 1-2 msec or more than that of the EPSP. Therefore it may
be assumed that in all cases the postsynaptic inhibitory action evoked by
descending impulses is polysynaptic. In the great majority of cells, the IPSP
could be recorded only during rhythmical supraspinal stimulation. Only oc-
casionally could strong single shocks applied to the round window, cere-
bellum and red nucleus elicit very small (0.5-4 mV) IPSP. An increase in stimu-
lation frequency greatly accelerates the rate of rise of postsynaptic hyperpolari-
zation and augments its amplitude. This effect is accompanied by an increase
in the efﬁciency of inhibitory action (Fig. 14).
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Regardless of results obtained with the action of polarization on some
descending EPSPs, IPSPs elicited by vestibulospinal, rubrospinal and pyramidal
volleys always changed in the same way as IPSPs evoked by afferent stimulation,
i.e. they were augmented during depolarization and diminished or even re-
versed by hyperpolarizing current. Examples of the effect of polarization on
IPSPs evoked by different descending systems are presented in Fig. 15. Strychnin-
ization can diminish TPSPs evoked by cerebellar (Curtis, 1959; Shapovalov &
Arushanyan, 1963), brain stem (Kawai & Sasaki, 1964; Llinas, 1964; Shapo-
valov & Arushanyan, 1965) and red nucleus (Shapovalov & Shapovalova,
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Fig. 16. Effect of brain stem reticular stimulation on responses of motoneurone to direct
stimulation. Upper beam—depolarizing current second response of the cell. Lower beam
indicates supraspinal stimulation.

1965) stimulation. In many cases depolarizing EPSPs appeared in cells in which
before strychnine injection only IPSPs were visible. On the other hand many
cells responding to descending impulses still generated very large and prolonged
hyperpolarizing TPSPs. These results may be explained by the polysynaptic
nature of supraspinal postsynaptic inhibition and the convergence of descend-
ing volleys from different pathways on the common segmentary interneurones.
It should be noted that even in normal state the activation of supraspinal
centres can produce complex depolarizing-hyperpolarizing responses.

In some cases descending postsynaptic inhibition could be recorded without
any hyperpolarization of the motoneurone membrane, its postsynaptic nature
being displayed by suppression of discharges evoked by direct stimulation (Fig.
16). As may be seen in this figure, the diminution of size of electrotonic pulses
indicates an increase in membrane permeability. This effect can be attributed
to the algebraic summation of IPSPs and EPSPs that agrees with data obtained
by Sasaki & Tanaka (1963) during cerebellar stimulation. In some motoneu-
rones supraspinal inhibitory action was manifested by diminution of the ampli-
tude of polysynaptic afferent EPSPs. Such an effect was obtained during pyra-
midal activation and stimulation of brain stem reticular formation, cerebellum
and red nucleus (Fig. 17). The intensity of this type of inhibition depends upon

I 20mv
100 msec

g men

Fig. 17. Effect of rubrospinal volleys on EPSP’s evoked
by dorsal root stimulus. Frequency of stimulation of Red
nucleus is marked on each record. Lower beam indicates
the beginning of supraspinal stimulation.
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the rate of supraspinal stimulation, increasing with the shortening of the interval
between stimuli. It may be occasionally seen that the inhibitory effect is preceded
by postsynaptic depolarization produced by supraspinal tetanus (Fig. 17).
It may be supposed therefore, that this type of inhibition develops in the
pathways to the motoneurones and is caused by convergense of descending and
afferent volleys on the common internuncial cells. Alternatively a mechanism
of presynaptic inhibition may be supposed.

Discussion

The data presented here demonstrate that EPSPs evoked by vestibular and
rubral volleys can arise with very short latency. These data and also the marked
potentiation of the potentials during repetitive activation suggest, that the
EPSPs are evoked by direct monosynaptic connexions of vestibulospinal and
rubrospinal fibres with lumbar motoneurones. Although there is some morpho-
logical evidence that in the cat fibres of the vestibulospinal and rubrospinal
pathways terminate in the ventral horn and their endings can be found among
the lumbar motoneurones (Schimert, 1938; Collier & Buzzard, 1901), in most
recent observations with silver impregnation methods no terminations were
found on motoneurones, except for some few on the cells of the ventromedial
group of motoneurones in the thoracic cord (Nyberg-Hansen & Mascitti,
1964; Nyberg-Hansen & Brodal, 1964). Yet it must be noted that the findings
of the latter authors cannot exclude the possibility that vestibulospinal and
rubrospinal fibres form axo-dendritic contacts with lumbar motoneurones.
Although the monosynaptic-like fast EPSPs have small amplitudes and are
usually subthreshold, the background depolarization of the motoneurone
membrane, by decreasing the firing level, may contribute to the generation
of spike potentials and allow their initiation. This mechanism may act during
the interaction of afferent and supraspinal stimuli on the motor cell.

Our observations of the effects of injected currents on fast, short-latency
vestibulospinal and rubrospinal EPSPs allows the supposition that the absence
of effect or anomalous influence of de—and hyperpolarization on these po-
tentials can be attributed to dendritic location of the synaptic contacts which
take part in the generation of these EPSPs. A comparatively prolonged rising
phase of these EPSPs and the existence of local responses, which contribute
to the postsynaptic depolarization also confirm such a possibility. In this con-
nexion it must be noted that artificial changes of membrane potential also have
little influence on monosynaptic EPSPs of motoneurones evoked by muscle
nerve volleys (Coombs, Eccles & Fatt, 1955; Shapovalov, 1962a). At the same
time injected current has a very strong and definite influence on polysynaptic
EPSPs (Kostyuk & Semenjutin, 1961; Shapovalov, 1962a). This corresponds
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closely to the present results with respect to the effect of polarization on rubro-
spinal and corticospinal polysynaptic EPSPs, but disagrees with the findings
concerning polysynaptic EPSPs evoked by vestibular stimulation. It is tempting
to suppose that EPSPs which can be diminished by depolarizing and augmented
by hyperpolarizing currents are connected with the synapses located on the
somatic membrane of motoneurones. Then one must assume that both de-
scending and afferent monosynaptic EPSPs are built up by synapses terminating
on the dendritic portions of the motoneurone, polysynaptic EPSPs by synapses
on the somatic region.

Another possibility which may at least partly explain the well pronounced
effect of transmembrane current on most polysynaptic EPSPs is their complex
character, If some IPSPs take part in the post-synaptic depolarization, their
elimination by hyperpolarization and augmentation by depolarization will
strongly amplify the effect of injected current on EPSP depolarization. But this
explanation leaves obscure the little influence which changes in membrane
polarization have on pure EPSPs, which is not predicted by an ionic hypo-
thesis (Eccles, 1957, 1964) of their generation. It may be supposed that the
local response of the motoneuronal membrane plays a considerable role in
synaptic excitatory action, and transmembrane polarization affects the ability
of the membrane to generate local responses to a greater extent than permea-
bility changes due to EPSPs.

IPSPs evoked by vestibulospinal, rubrospinal and corticospinal volleys are
affected by injected current to the same degree as segmentary IPSP. These
results correspond to the findings of Llinas (1964) and Jankowska et al. (1964)
with respect to the influence of artificial polarization on IPSPs evoked by
reticular stimulation and it may be assumed therefore that inhibitory synapses
terminate predominantly on the somatic portion of the motoneuronal mem-
brane. Such an explanation agrees with Eccles’s (1964) opinion that inhibitory
synapses are located on the soma of cells, where they may induce the most
powerful action due to both permeability and polarization changes.

The results obtained with strychnine injection demonstrate that the action
of this drug on descending synaptic mechanisms is essentially the same as on
reflexes. In the strychninized state, descending influences on the segmental
interneuronal apparatus are greatly facilitated and this fact may well explain
all effects of the drug. These results also show that descending influences
converging on segmental interneurones are of considerable importance for
the regulation of spinal activity.

It is well known that vestibulospinal, rubrospinal and cortico-spinal path-
ways appear with the evolution of the rhombencephalon, mesencephalon and
thelencephalon respectively (Sepp, 1959). In the cat all of these descending
systems are well developed, although only vestibulospinal and rubrospinal
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fibres give direct monosynaptic projections. The monosynaptic cortico-spinal
contacts appear only in primates (Preston & Whitlock, 1961) and it may be
supposed that they have an important role in the supraspinal control of spinal
movements.
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Discussion of Dr. Shapovalov’s paper

0. Pompeiano

I would like to summarize the results of some experiments performed with S.
Lund in Prof. Lundbergs laboratory showing that the lateral vestibular (Deiters)
nucleus is responsible for a monosynaptic action on alpha extensor moto-
neurones. In unanaesthetized anaemic decorticate cats, paralyzed with Flaxedil,
intracellular recordings were performed from about 500 motoneurones,
identified by antidromic invasion from their axons at peripheral level. In the
first series of experiments on acute spinal cats single shock stimulation of its
dissected ventrolateral funiculi produced monosynaptic EPSPs on ipsilateral
flexor and extensor motoneurones. The average amplitude of the maximal
supraspinal monosynaptic EPSP in the extensor motoneurones corresponded
to 26.2 % of the average amplitude of the maximal monosynaptic Ia EPSP
recorded from the same motoneurones. In flexor motoneurones this figure was
23 %. In a second series of experiments stereotaxic stimulation of the hind
limb region of Deiters’ nucleus produced monosynaptic EPSPs in ipsilateral
extensor but not in flexor motoneurones. The average amplitude of its maximal
supraspinal EPSP in extensor motoneurones corresponded to 21.7 % of the
average amplitude of the maximal monosynaptic la EPSP in the same cells.
Finally in a third series of experiments stimulation of the dissected ventro-
lateral funiculi following stereotaxic lesion of the Deiters nucleus (and of the
remaining vestibular nuclei) evoked a monosynaptic EPSP of normal amplitude
in flexor motoneurones, but there was no effect in extensor motoneurones.

A similar approach may possibly be utilized for analyzing the origin of the
supraspinal pathway exerting a monosynaptic action on flexor motoneurones.

T. Hongo

Dr. Shapovalov reported that monosynaptic EPSPs were evoked in spinal
motoneurones from the red nucleus. In our experiments (with Lundberg and
Jankowska) we only observed monosynaptic EPSPs in one toe extensor moto-
neurone. The pathway from the nucleus ruber to the 150 other flexor and
extensor motoneurones studied seemed to be at least disynaptic for both
EPSPs and IPSPs. Pathways to y motoneurones were not investigated.





