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Neuron activities of the motor cortex during conditioned eye blink
reflex in rabbits Junichi Hapa (Department of Physiology, Hyogo College of Medicine)
Effects of the tone (CS) on neurons of the motor cortex were investigated in naive,
pseudoconditioned, and conditioned rabbits. Conditioning to eye blink reflex was made
by a combination of CS and air puff (US). Effects of electrical stimulation. of the sub-
cortical structures were also observed on the cortical neurons associated with the condi-
tioned reflex. The results were as follows. (1) Proportion of neurons which significantly
increased the firing rate in response to the CS, type E, was higher in the conditioned
group than in other two groups. On the other hand, no group difference was found in
the proportion of neurons which significantly decreased the firing rate to the stimulus,
type I. (2) Most of the type E neurons in the conditioned rabbits began to fire at later}qies
of about 50 to 100 msec after the CS, preceding about 200 msec to the appearance of the
peripheral conditioned responses (EMG). (3) Most of the type E neurons in the conditioned
animals were more easily affected by stimulation of the medial geniculate body and the
brain stem reticular formation. Based on the results mentioned above, it is concluded
that in the rabbits conditioned to the eye blink reflex, excitability of neurons in the
motor cortex is enhanced by the tone (CS), and by electrical stimulation to the medial’
geniculate body and the bram stem reticular formation. e
' {J. Physiol. Soc. Japan (1976) 38 369 379]
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600
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Learning curves of rabbits conditioned with the eye blink reflex. Ordinate :
percentage of correct responses. Abscissa:number of reinforcement. Solid lines indicate
the learning curve of each animal. The dashed line connecting solid circles is a averaged
curve of 11 animals. Note that 210 to 450 trials were required to establish the condi-
tioned eye blink reflex in rabbits.
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Fig. 2. Blockdiagram of the experimental instrumentation. CRO : cathode-ray oscillo-

scope ; PREAMP : preamplifier for high input impedance ; OSC : oscillator ; SOLYV : solenoid
valve ; ST : electrical stimulator. See text for further explanation.
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Fig. 3.  Cortical locations of the neurons tested in the conditioned rabbits. Cf : frontal

cortex ; Cm : motor cortex ; Csl :sensory cortex. Ordinate : distance (mm) from the bregma
(0, 0) ; abscissa : distance (mm) from the midline. Left: locations of type E (closed trian-
gles) and type I (crosses) neurons which significantly increased and decreased the firing
rate in response to the CS, respectively. Right : locations of type U neurons (closed
circles) which did not change the firing rate to the CS.

USCAIR-PUFF)
CS(TONE) ;

—mmm—m—

MIITITIT

.

PETE

Fs

2P S
I\

§<—-LCR———>:

Fs: SPONTANEOUS FIRING RATE
Fp: FIRING RATE DURING CS
Fa: FIRING RATE AFTER CS

Lcr: LATENCY OF CR (EMG)
Fig. 4. Schema of data analysis., Upper trace:neuronal activity of the motor cortex ;
lower trace : EMG activity of the m. orbicularlis oculi.
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Activity of a type E neuron in a conditioned rabbit. A shows the single

neuronal activity (upper trace) and the EMG activity of the m. orbicularlis oculi (lower
trace). B shows the raster display of the activity of the cortical neuron. C shows neuronal
(upper trace), and EMG (lower trace) activities. Ordinate : impulses per 4 msec in succe-
ssive 16 trials. Note that the firing rate of the neuron increases in response to the CS
(longer bar), and that the EMG activity (conditioned response) appears prior to the US
(shorter bar) presentation. Time mark : 250 msec.
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Fig. 6. Changes in firing rates in cortical neurons during the tone (CS) presentation.

Ordinate : number of neurons;abscissa : the ratio of firing rate during CS to spontaneous

discharge frequency. Note that proportion of the neurons (dark) which significantly

changed the firing rate during the CS was higher in the conditioned (bottom) group

than those in the naive (top) and pseudoconditioned (middle) groups.
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Fig. 7. Changes in firing rates in the cortical neurons after the tone (CS) presenta-
tion. See text.
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Percentage of the responsive neurons. Number of neurons which significantly
increased (A, B, C) or decreased (D, E, F) the firing rate during (A, D) or after (B, E) the
CS presentation, and in both periods (C, F). N : naive (open columm); P : pseudoconditioned
(stippled columm) ; and C : conditioned (shaded columm). Note that percentage of type E
neurons in conditioned group is the highest in three animal groups.
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Table 1. Effects of subcortical stimulation on neuronal activities of the motor cortex
in the conditioned rabbits
=
[ during C8

A I . type U type B type I} total
unchanged 22 2 2 26
increased 2 1 0 3

vEM
decreased 3 1 1 5
total 27 4 3 34
unchanged 13 4 3 20
increased 3 4 0 7

GB .
decreased 2 0 0 2
total 18 G 3 29
unchanged 25 4 3 32
increased 8 [ L 15

R
decreasad 4 s} o 4
total 37 R4 4 51

A :sites stimulated; B:changes in firing rate during subcortical stimulation. C:changes
in firing rate during CS. VPM : nucleus ventralis posteromedialis of the thalamus ; MGB:
medial geniculate body ; RF : brain stem reticular formation. The numbers in the table

denote the nmber of neurons.
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Separation technique of phase-locked and -unlocked
spikes to the vibratory stimulation in the tonic
vibration reflex

Saburo HOMMA and Muneaki MIZOTE *

Department of Physiology, School of Medicine, Chiba University, Chiba

A tonic stretch reflex elicited during a
sustained vibratory stimulation of a human
muscle has been termed tonic vibration
reflex, TVRD. Interspike intervals of the
neuromuscular unit (NMU) spikes during
TVR distribute around several integer
multiples of the vibratory cyclic time®.
There is a good correlation between NMU
spikes and waves of vibration and the
former is well phase-locked to the later?
(refer 6 about term of “phase-locked”). On
the other hand, the incremental time course
of TVR has been noticed earlier and ex-
plained by the gradual addition of NMU
spikes, some of which are not well cor-
related to vibratory cycles. They has been
proposed as unlocked spikes activated by
the polysynaptic reflex arc®®. Therefore,
NMU spikes during TVR can be divided
into two types, locked and unlocked spikes.
It was thought useful to design a device to
divide into these two type spikes.

NMU spikes and sinusoidal waves of
vibration are recorded as analogue signals
in the data recorder (Fig. 2 I-V, I-S). These

signals are converted into digital signals of
rectangular pulses (Fig. 2 A,, A; and B) by
using the electric circuit of the clipper and
the monostable multivibrator as shown in
Fig. 1 A and BD. The cross-correlogram is
computed by ATAC 501-20 of Nihon Koh-
den (Tokyo) as shown in Fig. 2 Cor in
which the ordinate is the count of numbers
of NMU spikes and the abscissa the
measured intervals between a restricted
phase of vibration of Fig. 2 A, and NMU
spikes. Most spikes belonging to a large
distinct peak of duration of 4t in the cross-
correlogram are called phase-locked spi-
kes®). Spikes belonging to a portion except
the peak are called phase-unlocked spikes.
The two types of spikes are separated by
processing the gate circuit as descrived
below.

Two kinds of rectangular pulses with
durations corresponding to t and 4t are
produced by the monostable multivibrator
circuits (Fig. 2C and 2D, respectively).
During the pulse of Fig. 2D, the gate
circuit of Fig. 1E, is opened. Phase-locked

I — 1
rI—V- H A del Ct. " 4 D
Lsinusoidall FH elay time uration (ot)
| wave_ | I T ¥
e | ¥
IN PEJT_._‘ :L4| cross-correlogram }-—_-_-_—_:_.i___l 0uT PUT
1 1-S g ! Er e [“phase-1
w15 (open) [ F [ locked |
Lspikes | @ oo ! |_spikes |
—=-—--digital converter | o
E; . g L phase- .
i] (close) [T “I’ un!:cked!
LT 4 spikes
gate circuit L

Fig. L.

* RRISHR, MEFSEN  FREASEYIN—4
[Received for publication April 26, 1976)

Block diagram showing separation technique of phase-locked spikes.

spikes then pass through the gate and are
reformed to 20 msec duration pulses (Fig.
2 F) by the monostable multivibrator circuit
(Fig. 1F) in order to drive the pen recorder.



Meanwhile, the gate circuit of Fig. 1E, is
closed. During the period except the pulse

it gl

Cor !

I-v U N U e U NI

Fig. 2. Cross-correlogram, Cor and wave-
forms associated with separation process.
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of Fig. 2D, this gate is now opened to
accept only the phase-unlocked spikes. Two
types of spikes can thus be separated and
drawn by pen recorders as shown in Fig.
1F and G, respectively.
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Changes of electromyographic discharges by stretch reflex in the
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Integrated surface EMG from the flexor pollicis longus bending the inter-

phalangeal joint of the thumb. The linearly increasing lines indicate the values during
static voluntary contraction preceding a stretch, and the stepwisely increasing ones
show stretch reflex beginning from the time of a stretch. Ten traces of a 300 msec dura-
tion are superimposed, respectively. B. Changes of the integrated EMG during the course
of a sustained contraction leading to moderate muscle fatigue. Each of the rising lines
indicates integrated results for a period of 300 msec (B-1) prior to and (B-2) immediately
following a stretch repetitively given to the voluntarily contracting flexor pollicis longus.
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Time difference of stretch response of absoluted EMG for two subjects. Each

trace represents the average of twenty stretch responses in the first session (A), the
second session (+) and the third session (x), respectively. The EMG response after
stretch tends to fluctuate at a rate of approximiately 8 to 12 Hz, with a significant silent
period of electrical activity, which is more evident in accordance with muscle fatigue.
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