EFFECT OF BRAIN-STEM STIMULATION EVOKING
LOCOMOTION ON ASCENDING REFLEXES
IN THE MESENCEPHALIC CAT

N. N. Budakova and M., L. Shik UDC 612.833.8

In experiments on curarized mesencephalic cats, stimulation of the brain stem which, before
curarization, evoked stepping movements, increased the reflex response of the radial nerve
to stimulation of the afferent fibers of the hind limb and shortened the latent period of this
reflex.

Unlike the segmental reflexes of the spinal cord, relatively little is known regarding the long reflexes —
those from limb receptors of one girdle to motoneurons of the other girdle—and their importance remains
unexplained. The existence of interlimb reflexes has been known for a long time [3, 7, 14]. However, the
electrophysiological analysis of these reflexes started much later [1, 2, 12, 13].

During the study of locomotion of dogs on a treadmill, indications were obtained of the essential im-
portance of interaction between the limbs in movement coordination [4]. Movre direct data were obtained by
the use of a preparation with guided locomotion [6]. It was shown that natural reflexes from the forelimbs
on motoneurons of the hind limbs, which are absent in the mesencephalic cat, appear in response to stimu-
lation of a part of the brain stem which, before curarization, evoked locomotion [5].

This observation suggested that interlimb reflexes play a role in locomotion, although the conditions
under which they were elicited were such that it was impossible to estimate the latency of these responses.

The object of the present investigation was to determine whether ascending interlimb reflexes are
strengthened during stimulation of the part of the brain stem, stimulation of which in the noncurarized
mesencephalic cat evokes locomotion.

EXPERIMENTAL METHOD

Lumbar laminectomy was performed under ether anesthesia,and the dorsal root of Ly was dissected
for stimulation. In other experiments the peroneal, tibial, or sciatic nerve was dissected for stimulation
and divided distally to the electrodes. The radial nerve and the perve to the gastrocnemius muscle or deep
peroneal nerve were dissected for recording.

The carotid arteries were ligated and precollicular decerebration carried out [6]. The anesthesia
was stopped,and the experiment began 3 h later. The threshold strength of stimulation of the mesencephalic
"locomotor region" to produce stepping movements was determined [6]. The animal was then immobilized
by intravenous injection of D-tubocurarine (0.1-0.2 mg per cat),and artificial respiration was applied. The
nerves and spinal cord were covered with mineral oil, and the cat's temperature maintained at 37°.

The dorsal root and nerve were stimulated, usually by a volley of 3-6 square pulses (duration of volley
5~9 msec; pulse duration 0.5 msec; voltage 0.5-4 V), at a frequency of once every 2 sec. In some cases
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Fig. 1, Ipsilateral ascending and segmental
reflexes evoked by application of a single
stimulus to dorsal root L;. Top beam shows
response of radial nerve, bottom beam re-
sponse of deep peroneal nerve, A: 1-3) Re-
flexes during stimulation of root in increas-
ing strength (1/2 sec); B) effect of frequency
of stimulation: 1) 1/2 sec, 2) 2/sec, 3) 1/2
sec again; C and D) effect of stimulation of
brain stem: 1) before; 2) during; 3) after
stimulation of brain stem. Strength of stimu-
lation in B and C the same as in A2, Strength
of stimulation in D the same as in Al, Time
of application of stimulus shown below. Am-
plitude of calibration signal in D for top beam
20 pv, for bottom beam 250 pV. In remain-
ing frames amplitude of calibration signal for

top beam 50 uV, for bottom beam 1 mV. Time

marker 20 msec.

single pulses were given at a frequency of 2/sec. The
mesencephalon (Horsley —Clark coordinates Py, Yy, Hy)
was stimulated through a bipolar electrode made from
two varnished nichrome wires, 0.1 mm in diameter,
glued together so that the distance between their tips
was 0.5-1 mm. The frequency of stimulation was
30-40 pulses/sec and its voltage was 6-20 V.

Stimuli were generated by a stimulator with two
independent outputs, built by Yu. B. Kotov. The stimu-
lating pulses were applied through a dividing trans-
former. Electrical responses of the nerves were fed
through a UBP1-02 biopotential amplifier with trans-
mission band 10-2000 Hz to the plates of a CRO from
the screen of which they were photographed. Usually
five sweeps of the beam were superposed on one frame.

In 19 experiments the ipsilateral ascending re-
flex (AR) from the dorsal root of L7 to the radial nerve
was recorded and in 12 experiments parallel recordings
were made of responses of the ipsilateral nerve to the
gastrocnemius muscle or the deep peroneal nerve. In
addition, in 5 experiments the contralateral AR was
studied. No significant differences were found between
the ipsilateral and contralateral ARs.

EXPERIMENTAL RESULTS

The latent period of the AR was usually 15-17
msec, with possible variations from 10 to 30 msec.
This response, usually scattered, lasted 10-12 msec.
In some experiments a response with duration 12-16
msec was accompanied by less constant responses with
latent periods of 20-26 and 30~40 msec. These late
responses became visible when the strength of stimu-

lation was adequate. Their amplitude was inconstant, but as a rule it was smaller than the amplitude of the
short-latency response (Fig. 1A). The AR was evoked far more easily, and was stronger in response to
stimulation of the dorsal root by a volley of pulses than to stimulation by a single pulse. Sometimes the
AR increased considerably in amplitude during the experiment.

In 7 of the 14 preparations the AR was strengthened by a change in the frequency of stimulation from
1/2 sec to 2/sec (Fig. 1B). The latent period of the AR decreased from 11-20 to 9-16 msec. In 6 of these
7 experiments only the short-latency response was strengthened. After a return to less frequent stimula-
tion the AR remained strengthened for several tens of seconds. Stimulation at 2/sec evidently can sub-
stantially modify the state of the central nervous system in the mesencephalic cat. The increase instrength
of the AR was perhaps associated with coordination of the stepping movements, the rhythm of which in the

running cat is about 2/sec.

In two experiments the latent period of the AR was shortened butthe amplitude of the response did not
increase, while in five experiments the amplitude fell as the frequency of stimulation rose.

" Stimulation of the brain stem (of a strength less than or equal to that which, before curarization,
evoked locomotion) strengthened the AR in 21 of 22 experiments. In most experiments strengthening of
the short-latency component of the AR was observed (Fig. 1C), and this component could arise against the
background of stimulation of the brain stem even if hitherto it had hardly existed at all (Fig. 1D). The
latent period of the AR was reduced to 8-15 msec. In three experiments stimulation of the brain stem
strengthened two components of the AR with latencies of 10-15 and 18-28 msec.
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Fig. 2. Effect of stimulation of brain stem on ipsilateral as-
cending and segmental reflexes evoked by stimulation of the
dorsal root of L;. Top beam gives response of radial nerve,
bottom beam response of nerve to gastrocnemius: 1) before,
2) during, and 3) after stimulation of brain stem; A-C) stimu-~
lation applied as a volley of pulses; D) asa single pulse. Cali-
bration signal for top beam 50 uV; for bottom beam 1 mV.

Time marker 20 msec.
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TFig. 3. Reflex of radial nerve in response
to stimulation of ipsilateral peroneal nerve.
A) Effect of frequency of stimulation: 1) at
1/2 sec; 2, 3) at 2/sec; B, C) effect of stimu-
lation of brain stem: 1) before, and 2, 3)
during stimulation of brain stem. Afferent
stimulation in B and C applied at 1/2 sec.
Calibration signal 20 uV. Time rharker 20
msec.

In six experiments not only the AR but also the
segmental reflex was strengthened during stimulation of
the brain stem (Fig. 1C). However, even if the strength
of afferent stimulation was submaximal for the segmental
reflex, stimulation of the brain stem could increase the
AR significantly more than the segmental reflex (Fig. 1D}.

In four experiments the segmental reflex either was
inhibifed by or did not respond o stimulation of the brain
stem, and sometimes inhibition of the reflex appeared to
alternate with its strengthening. A few examples of the
effect of brain-stem stimulation, taken from one such
experiment, are illustrated in Fig. 2, It is clear that in
all four tests the AR was increased by stimulation of the
brain stem and that its latent period was shorter than in
the background period. The reflex response in the nerve
to the gastrocnemius muscle was inhibited in some sweeps
of the beam, and in others it was strengthened (A, B); in
C its amplitude was unchanged, and in D it was inhibited
by stimulation of the brain stem.

In two experiments the AR was recorded parallel
with the polysynaptic reflex of the nerve to the gastroc-
nemius muscle. The latter reflex was unchanged by stimu-
lation of the brain stem, while the AR was strengthened.

In four experiments the diagonal AR was investigated parallel with the crossed reflex of the nerve to
the gastrocnemius, During brain-stem stimulation the AR always increased more than the crossed seg-
mental reflex. In one experiment an increase in strength of the AR was accompanied either by inhibition
or by facilitation of the crossed segmental reflex.



In 17 experiments the AR was evoked by stimulation of peripheral nerves (the common peroneal,
sciatic, or contralateral tibial nerve). Stimulation of these nerves gave very similar results to those ob-
tained by stimulation of the dorsal root. This applies both to the latent period and shape of the ARs and to
their ability to be strengthened during stimulation of the brain stem and during an increase in the frequency
of afferent stimulation. Strengthening of a weak AR in response to a change in the frequency of stimulation
to 2/sec (A) and to stimulation of the brain stem (B) is illustrated in Fig. 3. In the latter case two com-
ponents of the response become clearly visible. In the course of the experiment the AR increased (C).
Stimulation of the brain stem strengthened this increased AR still more. Stimulation of the brain stem
could also strengthen an AR evoked by stimulation at 2/sec.

The scattered character of the AR or its consisting of two components could be due to the existence
of two systems of long reflexes: propriospinal and spinobulbospinal [9, 10, 15, 16]. If the two factors
("locomotor™ frequency of afferent stimulation and stimulation of the brain stem of the sort which, before
curarization, evoked stepping movements) were present,the AR was strengthened and became more syn-
chronous, and the time required for interaction between the limbs was shortened. These observations are
in agreement with the hypothesis fiiat interlimb reflexes play an important role in locomotion.

Strengthening of the AR in response to stimulation of the "locomotor region™ of the mesencephalon
cannot be explained simply by diffuse facilitation of motoneurons. First, strengthening of the AR is as-
sociated with shortening of its latent period by 1-4 msec (and in some cases by 10 msec). The shortening
of the latency is evidently explained by descending influences on the interneurons of this polysynaptic re-
flex (see also [8, 11, 17]). Second, in some cases an increase in strength of the AR was not accompanied
by strengthening of the segmental reflex, and sometimes the latter reflex was actually inhibited by brain-
stem stimulation. It may therefore be considered that stimulation of the "locomotor region" of the brain
stem in the immobilized animal evokes a coordinated, rather than diffuse, change in the state of the various
interneuronal systems of the spinal cord. '
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