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Numerous studies concerning the effects of electrical stimulation of
the cerebral cortex, performed either in waking animals by means of
implanted electrodes, or in waking patients during neurosurgical ope-
rations, have shown that not only the motor area, but also a number of
other areas are electrically “excitable”; that is, their stimulation gives
rise to various motor activities (Foerster 1936, Penfield and Boldrey
1937, Dusser de Barenne et al. 1941, and others). In particular, stimula-
tion of the sensory area in waking cats was shown to produce isolated
movements of the contralateral limb (hindlimb or forelimb), similar to,
but not identical with, those arising from stimulation of the motor area
(Tarnecki 1962a, Tarnecki and Konorski 1963). The chief differences are:
longer latencies, gradual and not abrupt inijtiation and termination, high-
er thresholds, and a more natural character. The fact that, with respect
to the hindleg, only those movements produced by stimulation of the
sensory area, but not of the motor area, are instrumentally conditionable
(Tarnecki 1962a, Tarnecki and Konorski 1963) proves that the former
movements have a "reflex” origin (cf. also Konorski 1967).

To our knowledge there were no systematic studies on the effects of
stimulation of the ventrolateral (VL) and ventral posterolateral (VPL)
thalamic nuclei, that is, those nuclei which have direct connections with
the motor and sensory cortex respectively. Therefore, the purpose of the
present study was to fill this gap.
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MATERIAL AND METHODS

The experiments were performed on twelve cats in an experimental box of the
csize 83. 5075 cm. In the front side of the box there was a moving glass wall
through which the experimenter observed the animal.

In each cat in two operations separated by an interval of a few days bipolar
stainless steel electrodes of a diameter of 0.2 mm and 0.5 mm tip separation were
implanted into the VL and VPL nuclei respectively using a stereotaxic apparatus.
The VPL implantation was performed on one side under 35 mg/kg nembutal anes-
thesia, the VL implantation was performed on the other side under 50 mg/kg chlo-
ralose anesthesia. The localization of the electrodes was determined by stimulation
with the needle electrodes of the contralateral forepaw and hindpaw and recording
evoked potentials from the corresponding nuclei of the thalamus. The thalamic
electrodes were fixed in the position of the maximal amplitude of evoked potentials.
It should be noted at once that it was much easier to find points responding to sti-
mulation of the forepaw than of the hindpaw.

Two weeks after the final operation the animals were brought into the expe-
rimental box (to which they had been habituated beforehand) and the electrodes
were connected with a socket connected with the Grass stimulator through a loose
soft wire hanging from the ceiling of the box. Thus free locomotion of the animal
inside the box was insured.

In a few animals stimulation of various parameters was used in order to choose
those which were most adequate for eliciting the isolated movements of either the
forelimb or the hindlimb. The current was measured from the voltage drop on
ten ohms resistance connected in series with the electrodes. When this was achieved
eight animals were trained in instrumental conditioning by reinforcing the thalamo-
genic movement with presentation of food. This part of the experiment will be
described in a subsequent paper (Tarnecki and Konorski 1969).

When the CR training was completed, or, in those animals which were not
trained, the stimulation testing was terminated, ten animals out of twelve were
subjected to a cortical operation under nembutal anesthesia. In this operation the
unilateral sensorimotor area of the cortex, and in some animals in addition the
premotor cortex, was removed. The side of {he lesion was contralateral to that limb
which was used in instrumental conditioning.

Two weeks after this operation the animals were tested in respect to their
instrumental CRs (to be described in the next paper) as well as the effects of thala-
mic stimulation. Testing of stimulation was performed in a part of the box remote
from the food well in order to be certain that no instrumental responding was admi-
xed to the evoked movement. In some test experiments ‘the animals were satiated
before the session, a measure completely abolishing instrumental responding on that
day.

After stimulation experiments and conditioning experiments were terminated,
neural tissue surrounding the points of the electrodes was coagulated, the animals
were sacrificed and their brains perfused with 10% formalin. The reconstruction of
cortical lesions was made and the location of the electrodes was verified using the
Kliiver staining technique.
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RESULTS

Parameters of stimulation. In a pilot study the optimal frequencies
of stimulation were established. Beneath we present an example of this
exploration. The pulse duration was 1 msec.

Cat no. 1. Electrodes in the left VPL nucleus. Each stimulation was
repeated several times with intervals of a few minutes.

Stimulation
1.0 v 50 c/sec
3.0 v 50 c/sec
5.0 v 50 c/sec
8.0 v 50 c/sec
3.0 v 150 c/sec
5.0 v 150 c/sec
3.0 v 300 c¢/sec

Behavior

No response

No response

Inspects his right foreleg, licks it, remains quiet.
Disquiet, inspects the leg, then tries to escape.

Lies down, rubs the contralateral side of the body against
the wall, looks at the forepaw and licks it.

Irregular isolated movements of the foreleg, rubs his
body against the wall, after stimulation licks the leg.
After a latency of about 4 sec isolated and prompt fle-
xion of the right foreleg with a slight turn of the head
to the right; sometimes licks his paw. The responses are
rapid and regular.

As seen from this protocol, the optimal frequency of stimulation
was in this cat 300 ¢/sec. Since the similar picture was seen in other cats,
this frequency was adopted in this series of experiments.

Stimulation of the VPL nucleus. The characteristics of the responses
of the animals are given below. The frequency of stimulation was always
300 c/sec, the pulse duration 1 msec. The optimal current of stimulation
was 0.2—0,4 ma. The locations of electrodes are presented in Fig. la.

Cat no.

Cuat no.

Cat no.

Cat no.

Cat no.

Cat no.

1.

3v.

15v,
3.0v.
3.0v.
5.0 v.

4.5 v.

6.0 v.
3.0v.

Isolated and regular liffing of the contralateral foreleg,
slight turn of the head towards the leg, licking the paw.
Rapid high lifting of the contralateral foreleg with the
turn of the head in its direction. When during the stimu-
lation food is presented the movement is discontinued
and the animal runs normally towards the food well.
The cat gets up, inspects his body, sniffs.

Isolated and regular lifting of the contralateral foreleg.
Sniffs, lies down.

Lifting of the contralateral foreleg, sometimes with turn-
ing of the head. Irregular latencies.

Isolated lifting of the contralateral foreleg, sometimes
looks at it. Low amplitudes of the movements.

The cat becomes immobile, then tries to escape.

Rapid and regular lifting of the contralateral foreleg.
Continuation of stimulation produces movements of head
and neck.



Fig. 1. The placement of the electrodes in the VPL nucleus (a) and in the VL
nucleus (b)
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Cat no. 7. 5.0v. Isolated flexion of the contralateral hindleg obtained
when the cat is standing. After stimulation he inspects
the leg.

Cat no. 8. 35v. Small movements of the contralateral foreleg, inspects
the leg and sniffs it. Sniffs the floor round the leg.

4.8 v. Isolated and rapid movements of the leg. After stimu-
lation inspects it for a long time.

Cat no. 9. 13v. Lies down and licks various parts of the body.

3.5v. Isolated and rapid movement of the contralateral foreleg.

Licks the leg or shakes it as if it were wet (Fig. 2a). If
during stimulation the food is presented the animal puts
his leg on the floor and runs to the food well.

Cat no. 10. 3.5v. Isolated lifting of the contralateral foreleg, sometimes
turning the head towards it. After stimulation inspects
the floor and sniffs it.

Cat no. 11. 3.5v. The cat lies down and rubs his body against the floor,
licks his contralateral foreleg or shoulder.
7.2 v. High, rapid and repeated lifting of the foreleg, after
stimulation long and intense licking of the paw.
Cat no. 12, 7.0v. High lifling of the leg with shaking movement (wet leg

symptom). After stimulation holds the leg high as if he
were afraid to put it down. Sniffs the leg and the floor.
After several stimulations tries to escape.

a b

Fig. 2. The effect of VPL stimulation in cat no. 9, before (a) and after (b) removal
of the sensorimotor cortex. Strength of stimulation 3.5 v

We have presented above the most salient fragments of the protocols
which throw light on the character of the movements elicited by electric
stimulation of the VPL nucleus with 300 c¢/sec.

The most frequently observed response consisted in lifting the contra-
lateral foreleg with occasional turning of the head towards it. Only in one
animal was the movement of the hindleg elicited. The movements were
rapid with veriable amplitudes and latencies amounting to a few seconds.
The size and character of the movement often depended on the posture
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taken by the animal before stimulation. The responses were regular, if
the intervals between stimulations were long (several minutes).

When stimulation was subthreshold with respect to the elicited mo-
vement, indefinite, sometimes bizarre, types of behavior were seen: the
animal lay down on his back, rubbed his body against the floor or the
wall, sniffed around and so on. The effective stimulation was also usu-
ally accompanied by additional responses like inspecting the leg involved
in the movement, licking or sniffing it, shaking movements, sniffing the
place on which the cat stayed. These responses appeared both during
stimulation and particularly after its termination.

In most cases stimulation of the VPL nucleus did not elicit any aver-
sive symptoms. The animals were not afraid of the exsperimental cage
and willingly ate food presented after and even during stimulation. How-
ever, if the voltage of stimulation was high (about 7 v) the animals
clearly manifested a defensive attitude which consisted in trying to get
out of the cage and/or refusing to take food. No epileptic seizures were
seen. Finally, it should be mentioned that the motor response elicited by
VPL stimulation could be easily inhibited by other activities of the cat.
In connection with the instrumental training of the elicited movements,
we had many occasions to notice that when the animal heard the click
of the bowl placed in the aperture of the food well, he ran towards it
on four legs and could use the leg involved for taking food out of the
bowl.

Stimulation of the VL nucleus. The optimal current of stimulation
was 0.4—0.8 ma. The locations of electrodes are presented in Fig. 1b.

Here are the fragments of the protocols recorded for particular cats:

Cat no. 3. 6.0v. Isolated movement of the contralateral foreleg. Long and
irregular latency. If stimulation is protracted the move-
ment of the hindleg also appears.

Cat no. 5. 5.0v. Isolated and very regular lifting of the contralateral leg
with supination of the paw. Supination means that the
foreleg turns along its long axis so that the palm is
directed inwards. Long latency, the amplitude of the
movement gradually rises. The movement is not inhibit-
ed by the act of eating.

Cat no. 6.? Lifting of contralateral forelimb and hindlimb. Isolated
movements cannot be obtained.
Cat no. 7. 8.0v. Lifting of the contralateral foreleg and stiffening of the
neck.
10.0 v, Lifting of the foreleg with strong supination. Turning

of the head producing a loss of balance, so that the cat
falls down on his side and cannot rise till the end of
stimulation. No signs of aversion towards stimulation.
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Cat no. 8. 6.0v. Gradually increasing isolated movement of the contra-
lateral foreleg. Protracted stimulation leads to a strong
supination (Fig. 3a). Latency 7—10 sec.

Cat no. 9. 6.5v. Isolated movement of the contralateral foreleg with long
latency and gradually increasing amplitude; slight supi-
nation of the paw. When food is presented the cat tries
to approach the food well with the foreleg lifted.

Cat no. 10. 4.0v. Clear muscle contractions of the distal part of the cont-
ralateral foreleg with clawing. Latency of about 10 sec.
7.0v. Isolated lifting of the foreleg with supination. Latency

about 10 sec and the performance of the movement
extremely slow. If the animal received food during sti-
mulation he ate it with the foreleg lifted. If stimulation
was given at the moment when the animal took food
with that foreleg he stopped doing so, or lifted the leg
holding a piece of meat, but not putting it into the
mouth.

Cat no. 11. 8.0v. Isolated lifting of the contralateral foreleg, occasional
co-movements of the shoulder and ear. Protraction of
stimulation elictis in addition small movements of the
hindleg.

Cat no. 12, 8.0v. Isolated lifting of the contralateral foreleg with slow
forward extension and supination. Latency till 15 sec.

Fig. 3. The effect of VL stimulation in cat no. 8 before (a) and after (b) removal
of the sensorimotor and premotor cortex. Strength of stimulation in a 6 v,inb 10 v

s

As seen from these protocols the character of the elicited movements
is quite different from those producted by VPL stimulation. The latency
is longer, the increase of the amplitude much slower, the effective
strength of current nearly twice as large as in VPL stimulation. The
movement has a stereotyped character, the lifting of the leg being accom-
panied by supination and sometimes extending the leg forward. If the
intervals between stimulations are long (3—5 min), the responses are
very regular. If stimulation is protracted, or its strength increased, the
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movements become generalized: there appears the lifting of the hindleg,
movements of the mouth, ear and shoulder, as well as turning the head.
The isolated movement of the hindleg was never obtained in these expe-
riments. There were no accompanying symptoms of “paying attention”
to the limb, so characteristic for VPL stimulation. Rather there was
impression that the animal did not ”notice” the movement performed.

The movement was not inhibited by the antagonistic activities (e.g.
locomotion or food intake) as was the case with VPL stimulation. Sti-
mulation never had an aversive character and no epileptic seizures were
observed. The subthreshold stimulation with regard to the movement
of the foreleg did not produce any observable effects.

The effects of cortical lesions on the VPL-produced movements. In
five animals (no. 2, 4, 6, 7, 9) the sensorimotor area of the cortex was
removed on the same side on which the VPL electrode was implanted.
The reconstructions of lesions are presented in Fig. 4. After the ablation,
stimulation of the VPL nucleus was retested.

No.2 No.4

Fig. 4. Cortical lesions ipsilateral to
the electrodes implanted in the
VPL nucleus. Note that in cats no. 2,
4, 6 and 9 the sensorimotor cortex
for the forelimb was removed, whe-
. q reas in cat no. 7 the sensorimotor
No& No7 area for the hindlimb was removed

The results of these experiments were quite uniform. In all animals
the movements observed before surgery were completely abolished
(Fig. 2b). When the voltage was increased till 10 or 12 v clear and
unmistakable defensive responses were observed accompanied by strong
fear. Beneath we give the protocols of some sessions.

Cat no. 4. Removal of the left sensorimotor cortex limited to the
foreleg area.

Before operation a regular isolated movement of the right foreleg
was elicited by VPL stimulation with 5.0 v, 300 c¢/sec. The same sti-
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mulation after operation produces no response. When stimulation is
protracted till 30 sec the animal becomes disquiet, walks around the
cage, sniffs and looks round. '

8.5 v. After 2—4 sec the cat looks at his foreleg, licks it, then flattens
his ears, moves backward and becomes disquiet. After several stimu-
lations he tries to flee from the cage, and becomes aggressive. When
touched or stroked, he mews, tries to escape and after more trials
attempts to bite the hand of the experimenter. Refuses to take food.

10.5 v. Runs round the cage, sometimes stops abruptly, sniffs, mews,
flattens the ears, tries to grasp by teeth the skin on the shoulder. After
stimulation sits down in the corner of the cage, licks his claws, paw
and the whole right side of the body. Avoids being touched. After
prolonged stimulation jumps out of the cage.

12.0 v. Moves hindleg clumsily, then freezes, crouches, pants, looks
fearfully around. The movements of the experimenter produce flight
reaction.

Exactly the same picture was observed in other cats.

The effects of cortical lesions upon the VL-produced movements. In
cats no. 5, 8, 10, 11 and 12 cortical lesions were sustained on the side
of the VL electrodes (Fig. 5) and the results of those lesions are as
follows.

Na 5 No.8

\\\

Fig. 5. Cortical lesions ipsilateral No.tt
to the electrodes implanted in the
VL nucleus. Note that in cats no. 10
and 12 the sensorimotor area was
removed, whereas in cats no. 5, 8
and 11 the lesion involves also the
premotor cortex No AU No.12

7

Cat no. 10. Ablation of the sensorimotor cortex for the foreleg.
Stimulation of the VL nucleus produces the same motor response as
before operation. The latency is somewhat prolonged.

Cat no. 12. Ablation of the sensorimotor cortex for the foreleg. The
character of the movement produced by VL stimulation is similar to
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that before operation, but its amplitude is reduced, and the supination
clearly manifested before operation is absent. The response occurs less
regularly and sometimes is absent. Increase of stimulation from 8.0 v
to 9.2 v makes the occurrence of the movements more regular, but then
the turn of the head and the tension of the muscles of the neck is
observed. The amplitude of the movement remains low. If during sti-
mulation food is presented the cat takes it willingly.

Cat no. 5. Ablation of the sensorimotor and premotor cortex. The
lesion is shallow (in the cruciate sulcus) but extensive.

5.0 v (as before operation). No visible response.

7.0 v. No visible response.

10.0 v. The motor response is similar to that before operation, but
its amplitude is lower and supination is absent. Its occurrence is irregu-
lar. If stimulation is prolonged till 30 sec, the tension of the neck and
clenching of the jaws is seen which continues for 1-——3 min after sti-
mulation. After prolonged stimulation the cat is apathetic, is not inter-
ested in food, but remains calm. Rhythmic jerking of the head is also
observed.

Cat no 8. Ablation of the sensorimotor and premotor cortex.

6.0 v (as before operation). No visible response.

8.0 v. No isolated movement of the leg, strong cramps of the neck,
clenching the jaws, difficulties in respiration. Rhythmic jerking of the
head. Afterwards the cat is apathetic and does not take food.

10.0 v. Tonic rigidity of the neck, clenching of the jaws, unnatural
and tense turning of the head (Fig. 3b), followed by slow lifting of the
hindleg and its stretching forward with spreading out the claws. Fre-
quently this movement is stopped by increased turning of the head
and body which leads to a loss of balance and the cat’s falling down
with tense muscles. After the stimulation is withdrawn it lies motionless
and after 2—3 min strong and repeated jerking of the head is observed
ending with jerking of the whole body. The seizures are followed by
general relaxation of the body and immobility.

Cat no. 11. Ablation of the sensorimotor and premotor cortex.

Complete abolition of the isolated movements. Stimulation with 15 v
produces general seizures similar to those described in cat no. 8.

Summarizing the effects of the VL stimulation after cortical lesions
we can conclude that while ablation of the motor cortex produces only
a slight impairment of the motor response, the additional removal of
the premotor cortex leads to a complete abolition of that movement.
The increased strength of stimulation elicits muscular contractions of
a primitive character, terminating with more or less pronounced epileptic
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seizures. Even a very high voltage of stimulation does not produce
either pain or fear. Movements of the hindleg produced by strong sti-
mulation may be due to the fact that hindleg area of the cortex was
spared.

DISCUSSION

As seen from our results electrical stimulation of both the VL and
VPL nucleus gives rise to isolated movements of the contralateral leg,
provided that the parameters of stimulation are properly chosen. Why
is it that only high frequencies (200—300 c/sec) of thalamic stimulation
produce isolated movements of limbs is not clear, particularly if we
take into account that the optimal frequencies of cortical stimulations
are much lower. Thus, in the study of Tarnecki (1962a), in which the
movements of the foreleg or the hindleg were elicited in waking cats
by stimulation of the sensorimotor cortex, the frequency of 50 c/sec
gave fluent and isolated responses, similar to those obtained in the
present paper.

There are other striking differences between the effects of stimu-
lation of the sensory cortex and the motor cortex on the one hand and
the effects of stimulation of the VL and VPL nuclei on the other.

With regard to stimulation of the sensory cortex, to our best knowl-

edge it is always emotionally indifferent, that is, it never has any
" nociceptive aspects. On the other hand, it was found by us that if the
stimulation of the VPL nucleus is strong, the animal clearly shows
the aversive response manifested both by typical local defensive flexion
reflex and by emotional fear response. Moreover, the somesthetic sen-
sations produced by VPL stimulation seem to be more durable than
those produced by cortical stimulation, as judged from the long-lasting
after-effect in the form of licking the leg, sniffing it, shaking movements,
etc. It may be supposed that stimulation of the VPL nucleus throws
into action some reverberating circuits which outlive the actual stimu-
lation. Probably these reverberating loops are not activated by stimu-
lation of the sensory cortex.

No less interesting is the comparison between the effects of stimu-
lation of the motor cortex and stimulation of the VL nucleus. As is
well known, stimulation of the motor cortex gives an abrupt lifting of
the leg with very short latency and low threshold. On the other hand
flexion of the leg produced by VL stimulation exhibits an exceedingly
long latency, high threshold and very slow recruiting. Whereas stimu-
lation of the motor cortex may be given with intervals of one minute
or less without affecting the character of the response, VL stimulation
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should be given once in 3—5 min, otherwise the response will dete-
riorate.

The problem of a long latency and very slow augmenting of VL
produced movements is very difficult to understand. There is ample
electrophysiological evidence to show that stimulation of the VL nucleus
evokes a response in the pyramids after a latency of a few msec (Branch
and Martin 1958, Amasian and Weiner 1966). Therefore one may ask
why this stimulation does not exactly reproduce the cortical stimulation.

One possibility may be that repeated stimulation of the VL nucleus
produces a potent recurrent inhibition of thalamic neurons, which blocks
them for a length of time and then for some reasons becomes gradually
removed (cf. Eccles 1966). If so, the question arises as to why the neurons
of the VPL nucleus behave in a different way. It seems that electrophy-
siological experiments should answer that question.

To end the comparative analysis of the effects of cortical versus
thalamic stimulations, it should be noted that whereas by stimulating
the cortex (both motor and sensory) we can easily find points from
which the movements of the hindleg are obtained, we were strikingly
unsuccessful in this respect when stimulating the thalamus. The isolated
hindleg movement was obtained only once by stimulating the VPL
nucleus. The movements of the hindleg elicited by stimulation of the
VL nucleus were never isolated, and we could not separate them from
those of the fore leg.

Let us return now to the comparison of VL-induced movements with
VPL-induced movements. Below we summarize once again their main
differences: .

The threshold of the VPL responses is lower than that of the VL
responses, the latency shorter and the recruitment faster. The VPL
responses have a clear somesthetic aspect, which is completely absent
in VL responses. The aversive responses are more likely to occur with
VPL than with VL stimulation. On the other hand, VPL responses are
easily inhibited by other activities of the animal, such as locomotion
or food intake, while VL responses are not.

Now we should discuss the effects of cortical lesions upon thalamo-
genic movements.

As was indicated above, stimulation of the VPL nucleus after the
sensorimotor lesion fails to produce the isolated movement; however,
an increase ‘of the strength of stimulation leads to a general excitement
of the animal of a clearly nociceptive character. This would suggest
that the VPL nucleus contains not only relay neurons transmitting
messages to the sensory cortex, but also those neurons which send
messages to other cerebral structures. Whereas the former neurons are
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responsible for isolated motor acts induced by thalamic stimulation, the
latter are responsible for the general excitement produced by nociceptive
stimulation. This conclusion is in good agreement with Tarnecki’s fin-
dings (Tarnecki 1962b, 1963), showing that lesions in the VPL nucleus
or medial leminiscus completely abolish the effects of nociceptive sti-
mulation. In fact either strong squeezing of the distal parts of the body
or strong pinching fail to produce any response.

It seems reasonable to assume that the structures responsible for
general pain and fear reactions produced by VPL stimulation should
be situated in the limbic system and/or hypothalamus. Thus the problem
arises as to which are the pathways connecting the VPL nucleus with
these structures.

One possibility is that separate neurons from those firing to SI area
fire to SII area (Guillery et al. 1966) and they are preserved after remov-
al of the former area. Since SII area has connections with amygdala
(Albe-Fessard, personal communication), the thalamic messages may
reach this structure by this way. On the other hand, the impulses firing
from the thalamus may reach the limbic structures through other
pathways, possibly through intralaminar thalamic nuclei, connected with
the VPL nucleus. This problem must remain open for further investi-
gation.

As far as the VL nucleus is concerned the situation is different. Re-
moval of the sensorimotor cortex is not sufficient for the abolition of the
isolated motor responses originating from its stimulation. These res-
ponses disappear only after additional ablation of the premotor cortex.
The increase of the strength of stimulation does not produce any general
aversive responses, as is the case with VPL stimulation, but instead
gives rise to muscular tonic contractions terminating in Jacksonian
seizures.

The failure to obtain isolated movements of limbs after sensorimotor-
premotor ablations is in good agreement with the fact that the tha-
lamo-cortical fibers originating in the VL nucleus have their end-station
in both the motor and premotor area (Walker 1936). The question arises
as to what is the pathway responsible for the primitive motor effects
and epileptic seizures produced by VL stimulation in the absence of
these cortical areas. The question is difficult to answer. It may be suppo-
sed that some fibers of the VL nucleus terminate in the basal ganglia
through the thalamic fasciculus (cf. Crosby et al) and that these stru-
ctures intervene in the occurrence of these phenomena.

Irrespective of which are the pathways intervening in the general

_responses produced by VPL and VL stimulation in the absence of the
cerebral cortex, one point seems to be clear. This is that the isolated
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movements of the contralateral limbs elicited by stimulation of these
structures are mediated by the cortex, since these movements are abo-
lished by lesions sustained in the appropriate areas. This result seems
to be puzzling, if confronted with the fact, described in the next paper
(Tarnecki and Konorski 1969), that these lesions fail to abolish the
instrumental responses originating from the thalamogenic movements.

SUMMARY

1. Stimulation of the VPL or VL thalamic nuclei by implanted elec-
trodes in waking cats with a rate of 300 c/sec produced isolated move-
ments of the contralateral limbs. Usually only the movements of the
foreleg were obtained, whereas the isolated movement of the hindleg
was seen only in one cat.

2. VPL-produced movements were accompanied by various orien-
ting responses directed towards the limb, like licking, sniffing or gazing
at it. With strong stimulation clear aversive responses were observed.
The movements could be inhibited by locomotion or food intake.

3. VL-produced movements had long latency and gradual recruit-
ment. Increased strength of stimulation produced involvement of mus-
cles of the neck and mouth and/or movements of the hindleg.

4. Ablation of the sensorimotor cortex ipsilateral to the VPL elec-
trodes led to total abolition of the VPL-produced isolated movements.
Increased strength of stimulation elicited a general restlessness of the
animals of an aversive character.

9. Ablation of the sensorimotor cortex ipsilateral to the VL electro-
des led to a slight impairment of the VL-produced movements. If the
premotor cortex was additionally removed, the isolated movements
disappeared. Increased strength of stimulation elicited tonic contractions
in the neck and jaws and turning of the head. These effects outlasted
the period of stimulation and often passed into Jacksonian seizures.

6. The mechanisms involved in the above described effects are
discussed. ‘

This investigation was partly supported by Foreign Research Agreement No.
287707 of U. S. Department of Health, Education and Welfare under PL 480. Some
of the equipment was kindly offered by the Rockefeller ‘Foundation.

REFERENCES

AMASIAN, V. E. and WEINER, M. 1966. Monosynaptic and polysynaptic activation
of pyramidal tract neurons by thalamic stimulation. In D. P, Purpura and
M. D. Yahr (ed.), The thalamus. Columbia Univ. Press, New York, p.255—282.



Thalamogenic movements in cals 15

BRANCH, C. L. and MARTIN, A. R. 1953. Inhibition of Betz cell activity by tha-
lamic and cortical stimulation. J. Neurophysiol. 21: 380—390.

CROSBY, E. C.,, HUMPHREY, T. and LAUER, E. W. 1962. Correlative anatomy
of the nervous system. Macmillan Co., New York.

DUSSER de BARENNE, J. G., GARD, H. W. and McCULLOCH, W. S. 1941, The
»motor” cortex of the chimpanzee. J. Neurophysiol. 4: 287—303.

ECCLES, J. C. 1966. Properties of functional organization of cells in the ventrobasal
complex of the thalamus (with discussion of. R. Davis). In D. P. Purpura
and M. D. Yahr (ed.), The thalamus. Columbia Univ. Press., New York,
p. 129—141.

FOERSTER, O. 1936. The motor cortex in man in the light of Hughlings Jackson’s
doctrines. Brain 59: 135—159.

GUILLERY, R. W, ADRIAN, M. O., WOOLSEY, C. N. and ROSE, J. N. 1966,
Activation of somatosensory areas I and II of cat’s cerebral cortex by
focal stimulation of the ventrobasal complex (with discussion of D. Albe-
-Fessard). In D. P. Purpura and M. D. Yahr (ed.), The thalamus. Columbia
Univ. Press, New York, p. 197—207.

KONORSKI, J. 1967. Integrative activity of the brain. Univ. Chicago Press, Chicago.

PENFIELD, W. and BOLDREY, E. 1937. Somatic motor and sensory representation
in the cerebral cortex of man as studied by electrical stimulation. Brain
60: 389-——443.

TARNECKI, R. 1962a. The formation of instrumental conditioned reflexes by
direct stimulation of sensori-motor cortex in cats. Acta Biol. Exp. 22: 35-—45.

TARNECKI, R. 1962b. The effect of medial leminiscal lesions on the instrumental
conditioned reflexes in cats. Acta Biol. Exp: 22: 147—156.

TARNECKI, R. 1963. Wplyw uszkodzen jadra brzuszno-bocznego i brzuszno- tylno-
-boeznego wzgbrza na instrumentalne odruchy warunkowe, Ph. D. Thesis.
Nencki Inst. Exp. Biol. Warsaw.

TARNECKI, R. and KONORSKI, J. 1963. Instrumental conditioned reflexes ela-
borated by means of direct stimulation of the motor cortex. In E. Gutmann
and P. Hnik (ed.), Central and peripheral mechanisms of motor functions.
Cech. Acad. Sci., Prague, p. 177—182.

TARNECKI, R. and KONORSKI, J. 1969. Instrumental conditioning of thalamo-
genic movements and its dependence on the cerebral cortex Acta Biol.
Exp. 29: 17—28.

WALKER, A. E. 1936. An experimental study of the thalamo-cortical projection
of the macaque monkey. J. Comp. Neurol, 64: 1—39.



