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Philosophy No, 68

Effects of Unilateral Spreading Depression
upon Monocularly Trained Operant
Behavior in Pigeons”

Shigeru Watanabe® |

Pigeons were mdnocularly trained on FR 40. Then, unilateral
spreading depression was produced by a micro-injection of Kcl
solution into the hyperstriatum. Spreading depression on the
trained hemisphere (contralateral to the trained eye) completely
suppressed the responding of the subjects, but spreading depres-
sion on the untrained hemisphere (ipsilateral to the trained
eye) did not cause complete suppression. However, the depres-
sion on the untrained hemisphere had a transient decreasing
effect on the responding of the subjects. The present results
demonstrate the lateralization of monocular FR training in that
the intact trained hemisphere is necessary to maintain a high
rate responding. ‘ __

E_EG was continuously monitored during the experiment, but
the duration of EEG depression did not agree well with the
duration of behavioral suppression.

One of the most .interesting topics in the study of the inter-
hemispheric relation of learning is the lateralization of effects of
monocular training. . Research combining unilateral cortical spread-
ing depression and monocular training was attempted in rats and
rabbits! 2:3:12.18,16.10  Byredova and Nadel® trained hooded rats mono-
cularly on brightness and pattern discrimination and found that the
saving of relearning was 30 .percent when the trained hemisphere

1) The author wishes to express his gratitude to Dr. Bure§ for his
valuable comments and criticism. ‘
2) - Department of Psychology, Keio University.
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(hemisphere contralateral to the open eye during the original mono-
cular training) was depressed and 70 perc'ént when the untrained
hemisphere (hemisphere ipsilateral to the open eye during the original
monocular training) was depressed. These results show that relative
lateralization of memory trace is formed during the original mono-
cular training. BureSova, Bure$, and Rustova® obtained savings of
0 percent and 90 percent with the trained and the untrained hemis-
phere depression respectively in similar situation. These results
are compatible to those obtained from commissure section and lesion
studies® ¥ 1%,

Birds are convenient subjects for research on interhemispheric
relation of learning because of their completely crossed optic
chiasm?"2%.24:25  (Catania® and Watanabe?® reported that pigeons
could learn conflict discrimination in which S? and S? were reversed
depending on which eye was used. For example, pigeons learned
to peck a key illuminated with a green light and not to peck the
key illuminated with a red light when they used their left eye, and
to peck the key illuminated with a red light and not to peck the
key illuminated with a green light when they‘used their right eye.
Successful learning of the conflict discrimination task by intact
pigeons suggests that contradicted memory trace was formed in

each hemisphere. In other words, each memory trace was considered
to be lateralized in this case. '

These behavioral studies with pigeons are suggestive but a
study combining spreading depression and monocular training has
not yvet been attempted in birds.” In our preliminary report, we
trained pigeons monocularly on VI 50’/ and tested their responding
under the following four monocular conditions with unilateral spread-
ing depression'® : 1) the trained eye open and the trained hemi-
sphere depressed, 2) the trained eye open and the untrained hemi-
sphere depressed, 3) the untrained eye open and the trained hemi-
sphere depressed, 4) the untrained eye open and the untrained hemi-
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sphere depressed. In general, the pecking response was severely
suppressed when the trained hemisphere was depressed, but the
suppression was weak when the untrained hemisphere was depressed.
These results suggest that the effects of monocular VI training are
lateralized. But the fluctuation of the data was great and the results
seemed to be inconclusive. . |

In the present expriment, the author focused on the first and
the second test conditions mentioned above. If the response was
suppressed in the test with the depression of the trained hemisphere
but not in the test with the depression of the untrained hemisphere,
the effects of monocular training will be shown to be confined to
the trained hemisphere. The schedule of reinforcement was changed
to FR. Pigeons respond with constant high rate under FR schedule.
Therefore. the suppression effect of spreading depression is considered
to be more sensitively detected by FR than by VI

Method

Subjects: Six experimentally naive pigeons (Columba livia) were
used. They were maintained at about 80 percent of their free feed-
ing weights throughout the behavioral experiment sessions.
Apparatus: EEG was amplified and recorded by a multipurpose
poligraph (Nihon-koden RM 85). The behavioral experimental chamber
was a Skinner-box (30 cmx17cmx30cm) with a single key.. Dia-
meter of the key was 30 mm. A grain feeder for reinforcement
was attached 15 cm below the key. The Skinner-box and a projector
to illuminate the key were set -up in a shielded room. The presen-
tation of the lighted key and the schedule of reinforcement were
controlled by a logic module controller (Unitec UP-1000) located
outside the shielded room. The pecking response of the subject
was counted by an electromagnetic counter and was recorded by a
comulative recorder. The behavior of the subject was monitored
by a TV set and white noise was continuously present.
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Procedure: A surgery to implant chronically electrodes and canulae
for Kcl solution injection was performed under anesthesia by Nem-
butahl (4.0 mg/kg). The subject was placed in a stereotaxic apparatus
modified in accordance with Karten and Hodos'V. Six silver ball
electrodes, diameter 1.00 mm, were bilaterally placed over the dura
of the hyperstriatum. Monopolar recording was obtained from these
sites with reference to a silver ball implanted in the bone above the
cerebellum. These electrodes were connected to a miniature socket
fastened to the skull with dental cement. Two poli-tubes, outer
diameter 1.00 mm, were bilaterally implanted over the dura of the
hyperstriatum (anterior 7.00~10.00, lateral 2.00~4.00). An injection
needle connected to an injector by a flexible vinule tube can be
inserted in these poli-tubes. Spreading depression was produced by
a micro-injection of 0.75mcc of 30 percent Kcl solution into the
hyperstriatum in accordance with the method developed by Shima®.

After a few day recovery period, the elicltation of spreading
depression was tested. EEG was amplified with a time constant of
0.3sec and a high frequency cut at 15Hz. Subjects failing to
produce spreading depression were discarded.

Each subjéct was binocularly shaped up to peck the key by the
method of successive approximation. Then, plastic goggles were
placed over both eyes of the pigeons with collodion. After one day
of continuous monocular reinforcement schedule, they were trained
on Fixed Ratio (FR) 40 schedule. One daily session consisted of 100
reinforcements. No blakout period was employed. This schedule
continued until the performance of the subject seemed to have
attained a steady state on the comulative record. Then two tests
with spreading depression were administered: 1) test with the
trained eye under depression of the hemisphere contralateral to the
trained eye, and 2) test with the trained eye under depression of the
hemisphere ipsilateral to the trained eye. During the test EEG was
continuously monitored and data without EEG “depression were
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Fig. 1. Cumulative records in the test with the trained hemisphere
depression. Arrows indicate injection of Kcl solution.
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Fig. 2. Cumulative records in the test with the untrained hemisphere
depression. Arrows indicate injection of XCI solution.
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discarded. Reinforcement was available throughout the sessions.

Results

Subjects were monocularly trained on FR 40 for 10~12 sessions.
All of them showed constant high rate of responding. Because three
of the six subjects were discarded, results of tests with the applica-
tion of spreading depression were obtained from the remaining three
subjects. Results of the first test are shown in Fig. 1. When
spreading depression was produced in the trained hemisphere, respond-
ing decreased remarkably or was completely suppressed. A complete
suppression of responding was observed in pigeon 73155 and the
response did not recover even 100 min after a Kcl injection in this
case. Pigeon 74015 also showed a sudden suppression of responding
but emitted several responses irfegularly until 14 min after a Kcl
ingection Then, it stopped responding completely. A repeated test
of this subject showed a 10 min delay of suppression after a Kcl
injection. A low rate of responding was observed after a Kcl injec-
tion in pigeon 74013, but a complete suppression began 26 min after
the injection and continued for 40 min. In a repeated test with this
subject, complete suppression continued for 70 min and no recovery
was observed. ' ‘ '

Results of the second test are shown in Fig. 2. When the
untrained hemisphere was depressed, transient decrease of responding
was observed but responding did not disappear completely and soon
recovered. 74013 showed a decrease of responding for 17 min then
exhibited a high rate of responding. A decrease of responding
continued for 16 min in pigeon 74015 but the recovery was complete.
A repeated test of this subject showed a low rate of responding for
21 min and a 1min delay of suppression. 73155 -also exhibited a
decrease of responding but it did not show a clear recovery.

Fig. 3 shows the-control test with distilled water injection. In
these cases, 0.75 mcc of distilled water was injected into the trained
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Fig. 3. Cumulative records in the test with distilled water -
injection. Arrows indicate injection of distilled water
into the trained hemisphere. '

. ‘ /
hemisphere. Some transient decreasing effect was observed but
responding reappeared rapidly and recovery was remarkably abrupt}

Discussion

Little information is available on the effect of spreading depres-
sion upon conditioned behavior in birds. Shima'® reported that the
key pecking of the pigeon was suppressed by bilateral spreading
depression produced by a micro-injection of Kcl solution. He found:
a good correlation between the duration of behavioral suppression
and the time course of EEG depression. In the present experiment,
a clear correlation between the duration of behavioral suppression
and that of EEG depression was not obtained. The subjects, which
did not emit pecking response-after recovery from EEG depression,
showed no. movement and seemed to be drawsy. Carew and
Petrinovich® reported that the: duration of behavioral suppression
was longer than that of EEG depression in hooded rats. But their
behavioral measure was hyperthesia and not conditioned operant
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behavior with positive reinforcement. Suzuki and Uneoka!® found
longer latency of suppression of bar pressing than that of DC or
EGG depression in rabbits. In the study of active avoidance in rats,
a good correlation between behavioral performance and slow potential
shift by spreading. depression was reported®®. Physiological index
of spreading depression in the present experiment was only the
amplitude of EEG, and it will be necessary to record slow potential _

shift for analysis of phasic relation of spreading depression and
behavioral change in pigeons.

In the present experiment, spreading depression on the trained
hemisphere completely suppressed the monocularly trained FR sched-
ule controlled behavior. On the other hand, spreading depression
on the untrained hemisphere did not severely suppress that behavior.
These results can be explained in terms of lateralization of the effects
of monocular training or in terms of blindness caused by unilateral
spreading depression. Visually evoked potentials are recorded from
both ipsilateral and contralateral hyperstriatum of the pigeon by a
photic stimulation to one eye™2®. Thus, it is not plausible to assume
that unilateral spreading depression caused complete blindness in the
pigeon. Therefore, the present results are considered to demonstrate
the lateralization of the effects of the monocular FR training. |

One point to be discussed is the effect of épreading_, depression
on the untrained hemisphere. Spreading depressidn on this side did
not completely suppress the responding but decreased its rate, and
a high rate of responding soon reappeared. A decrease of respond-
ing fate-'may mean that the lateralization in the experiment was not
absolute but a relative one. However, as shown_ in the test with
spreading depression on the trained hemisphere, an intact trained
hemisphefe is necessary to maintain a high rate of responding. In
other words, the untrained hemisphere could not maintain a high
rate responding by itself even if it participates in monocular res-
ponding. A rapid recovery of high rate responding may mean that -
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the trained hemisphere compensates for the lack of function of the

untrained hemisphere. These explanations are only speculative and
the function  of the untrained hemisphere in monocular training is

not yet clear.

In summary, it is concluded that the effects of monocular FR

training was lateralized to the hemisphere contralateral to the trained

eye in the sense that the trained hemisphere must be intact to

maintain a high rate of responding.
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