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Recently, many electrophysiological studies of con~
ditioned reflexes in man and in animals have been made.

Consistent potential changes in different parts of the
brain have been found to occur during their formation.
[1,4-10, 12 ~ 18] Artention has been frequently direct~
ed to changes in reactivity (in the magnitude of the
electrical response) during the formation of conditioned
reflexes. By using rhythmical stimulation, regular syn-
chronized oscillations close to the stimulus rhythm or to
multiples of it were observed [2, 6 = 10]. When the
stimuli were presented irregularly, desynchronization
usually occurred [5, 13]). However, insufficient attention
has been paid to the distribution of electrical activity in
the different parts of the cortex or to its changes during
the development of conditioned reflexes.

It has been shown in rabbits [3, 9, 10] that during the
formation of temporary connections in the sensory cortex
there is a similarity in the electrical potentials corres
sponding to the associated stimuli. Subsequently, as the
conditioned reflex becomes more accurately defined, the
similarity becomes less marked.

In our experiments on dogs we associated two un~
thythinical stimuli (Jight and passive lifting of the foot),
and it was shown that first there was a similarity in the
form of the electrical potentials of the cortical motor
areas of the front and hind limbs, and that later the
potentials in the visual cortex came to resemble those of
the motor cortical centers.

The object of the present investigation was to study
the relationships between the electrical activity in the
different parts of the cortex in dogs in which a defensive
conditioned reflex was established. We were particularly
interested in those parts of the cortex which received no
direct stimulus.

METHOD

The experiments were carried out on two dogs in a
sound~proof room.

Both camried electrodes held by implants fixed to the
skull bone by the methoed described by L. G. Trofimov

and R. N. Lur'e [11].
The electrodes were arranged as followss eight were

implanted in the bone over the right hemisphere, four

over the motor cortex (the third and fourth over the hind=
limb area, and the fifth and sixth over the forelimb area,
the eigth and ninth were placed over the auditory cor-
tex, the seventh and tenth over the postcentral gyrus, and
two electrodes were implanted in the bone over the left
hemisphere over the visual cortex. The first was the in-
different electrode, However in most cases, bipolar re-
cordings were made with an interelectrode distance of

3 mm.

The potentials were fed to amplifiers with symmetrical
condenser resistance couplings, and recorded on a string
oscillograpli.

In dog No. 1 a set (stereotype) of defensive condition=
ed reflexes was developed as follows; Bell (+) 1,000 cps
sound generator (+), 300 cps sound generator (~), 12 w
electric lamp (+). In dog No. 2 the left foot was also
used and separate conditioned defensive reflexes to sound
and to light were elaborated. In all cases thythmical
stimuli were used. Reinforcement was given by electrical
stimulation of the skin of the foot by an induction coil
and at a voltage of 1 ~ 2 cm above threshold on the scale
of the instrument, and the rhythm of the voltage applied
was the same as that of the conditioned stimulus. The
duration of the unconditioned (electrical) stimulus was
one second.

The experiments were carried out every second day.
In each experiment, four to five combined stimuli were
applied.

RESULTS

In both dogs, before the elaboration of the conditions
ed reflexes, no resemblance was observed between the
waves of the visual auditory, cutaneous, and motor cor-
tex nor between the cortical areas corresponding to the
front and hindlimbs (Fig. 1 a and b). These cortical areas
responded very little to adequate stimuli. However, when
a pattern of conditioned reflexes (stereotype) was de=
veloped in dog No. 1, even by the second experiment
there was a marked response in the relevant cortical areas
to the combined stimuli. At this time a change was first
noticed in the relationships between the waves of the
different cortical areas: there was some synchronization
of these waves in the auditory cortex and hind limb
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Fig. 1. Electroencephalogram of dog No.
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1. Spontaneous activity. (Bipolar record-
50pv). a — Before developing the con-

ditioned reflex. Curves, from above downwards; EEG of the hind limb cortical area;
b ~ after developing the conditioned reflex. Curves, from above downwards: EEG
of the cutaneous area, EEG of the forelimb area, EEG of the hind limb area; ¢ —
development of a conditioned reflex pattern (stereotype). Curves, from above
downwards; EEG of cutaneous area, EEG of auditory area, EEG of hind limb area;

d ~— development of stereotype. Curves, from above downwards: EEG of cutaneous
area, EEG of auditory cortex, EEG of hind limb area, EEG of forelimb area.

areas (Fig. 1c lower trace), but from the electroencephalo~-
gram traces it appeared that the cutaneous area (Fig. 1c)
was not yet influenced.

In the next experiment, in addition to the auditory
cortex and hind=limb area, the general sensory area also
became synchronized. However, the change was tempo-
rary and disappeared three to four mimutes after the com~
bined signals had been given. Not until the seventh ex~
periment was there a definite synchronization which was
maintained until the end of the experimert in both the
auditory and hind=limb motor cortex (Figs. 1, 2).

The last change was that of the visual cortex. At the
same time, the fore~limb area as before showed no syn~
chronization (Fig. 1d and Fig. 2b). It should be noted
that the involvement of the visual cortex is very short~
lived, and is not maintained as well from one experiment
to another as the activity in the hind limb, cutaneous, and
auditory areas (Figs. 1d and 2b). Possibly the effect is
due to the instability of the conditioned reflex to light as
well as to the placement of the electrodes (they were
implanted in the bone over the right visual cortex, while
all the other electrodes were on the left side).

It was important that the conditioned stimulus abol -
ished the synchronization. This occurred chiefly through
reducing the response in the hind limb cutaneous area,
and also through the appearance of rapid waves charac-
teristic of the visual cortex (Fig. 2e).

When the stereotype became firmly established, the
synchronization of the waves in the cutaneous and audi~
tory cortex was Inaintained even during the action of the
conditioned stimulus. When the regular combination of
signals were no longer given, the time for the recovery of
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synchronization in the above mentioned cortical areas
was from 20 to 90 sec. After recovery, synchronization
was mantained until after the end of the experiment, i.e.
for one = two hours.

At the same time as the disturbances in the relation~
ship of the activity of the different parts of the cortex
occurred there were also changes in their reactivity: At
first the effect of the conditioned stimuli was to cause
the appearance of electrical waves having a rhythm
either equal to the stimulation frequency or to a multiple
of it (Fig. 2c); subsequently, these same thythms were
found in the areas corresponding to the unconditioned
stimulus (Fig. 2d), and finally occuzred in the latter
area only (Fig. 2e). At this time there was a fall in the
reactivity in the forelimb cortical area.

In dog No. 2, defensive conditioned reflexes to both
sound and light were elaborated.

In Fig. 2f it can be seen that there is a marked simi~
larity in the waves of the visual cortex and motor areas
(the electrodes were implanted only over the hind limb
area). In response to the conditioned stimulus, in addition
to the conditioned imb movement there were also syn-
chronized potentials developed which had a frequency
equal to that of the stimulus.

The synchronization of the waves of the different
parts of the cortex occurred only after all preparations
had been completed and the door of the room closed (see

Fig. 2b).
The waves from these cortical areas recorded during

the preparatory period show no similarity (Fig. 2a).
* This result shows that the potential waves really do
represent changes in the relationships of the different
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Fig. 2. Electroencephalograms of dog No. 1 (a2 — e) and dog No. 2 (f). Bipolar re-
cording; time marker, 500 msec; calibration, 50uv). a  Room open; b — two
min after door was closed. The curves, from above downwards show EEGs of:
auditory area, cutaneous representation, hind limb area, forelimb area, stimulus
inarker, record of Himb movement; ¢ — response to conditioned sound stimulus
(indications as in Fig. 2 a,b); d — response to conditioned light stimulus. Curves,
from above downwards show EEGs of: visual cortex, cutaneous representation, hind
limb area, forelimb area, trace of limb movements, stimulus marker; € — response
to sound conditioned stimulus. Curves, from above downwards show EEGs of: audi-
tory cortex, cutaneous representation, hind limb area, visual cortex; record of
limb movements, stimulus marker; ¢, d, and e are to be read from right to left;

f — response to sound stimulation (monopolar recording). Curves, from above
downwards: Time marker, 170 msec, EEG of hind limb area, trace of limb move-

ments, EEG of auditory cortex, stimulus marker.

cortical areas and are of functional significance. Further
evidence is that in a dog which in one experiment re~
ceived the standard set of thythmical stimulations, but at
half the normal frequency, there was no disturbance of
the electrical potentials. The reactivity of the cortial
areas concerned and the magnitude of the conditioned
reflexes were both greatly reduced. Subsequently, when
the stimull were once meore given at the normal fre-
quency, normal relationships were restored. Synchroniza~
tion failure was also observed in another experiment when
when the stereotype was altered by omitting the electrical
reinforcement. to the skin,

It must be emphasized that synchronization which
developed through the formation of the condirioned re~
flexes was maintained subsequently; the electrical acti=
vity of the area representing the forelimbs never came

into synchrony. This point was of special interest be=
cause the distance between the electrodes in the hind
limb and forelimb areas was only 6 mm, whereas the
distance between the hind limb area and the general
sensory, auditory, and visual cortices had values from 16
to 45 mm. In our cpinion, the results obtained agree
with those which we obtained previously, and indicate
that synchronization of the potentials is a sign of the
formation of particular connections in the cortex during
the development of coditioned reflexes.

SUMMARY
Electrodes were implanted into the skull over the
different cortical sensory areas. It was found that in the

development of defensive reflexes, a clear-cut synchro=
nistm in the potential waves occurred in the areas receiv=
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ing the conditioned and unconditioned stimulations. This
synchronism was very stable when a stereotype was
elaborated. An important finding was that when training
to the stimulus pattern resulted in movement of the hind
limb, the electrical activity of the forelimb area never
came into synchrony. These results indicate that connec-
tionsdeveloped in a dog"s cerebral cortex during the
elaboration of the conditioned reflex are selective even
during the early stages of their formation.
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