Caudate Nucleus Lesions:
Behavioral Effects in the Rat

Abstract. Bilateral lesions within the
caudate nucleus led to a marked im-
pairment on acquistion and reten-
tion of a spatial alternation habit but
produced no deficit in Hebb-Williams
maze performance. Conversely, sub-
total bilateral lesions of posterior cor-
tex produced no significant deficit on
the alternation habit but markedly im-
paired maze performance.

In the monkey, lesions involving
either frontal cortex or caudate nucleus
lead to specific and lasting impairment
on the classical forms of delayed re-
sponse and delayed alternation tasks
(7). Similar impairments of delayed
alternation performance appear after
frontal lesions in the dog and cat (2).
In the chimpanzee, however, frontal
cortical lesions produce smaller deficits

on these tasks (3), and corresponding .

effects of frontal lesions in man may
be even less specific and less enduring
(4). Thus there appear to be phylo-
genetic differences in the extent to
which anterior forebrain lesions affect
performance of these tasks.

We developed a form of alternation
task for use with the rat, in order to
study the effects of caudate nucleus le-
sions in this mammal. To control for
specificity of effects of the lesion, we
also examined the effect of posterior
cortical lesions on performance of this
task, and tested the effects of both
lesions on performance in a maze.

Our alternation task utilized a box
with two levers (5). Each lever press
that followed a response to the oppo-
site lever resulted in delivery of a 45-
mg food pellet to a food well located
between the levers. Whenever an error
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Fig. 1. Composite of lesions of caudate
group (N = 17) superimposed on coronal
section at level A 8.6, from De Groot
(see 6). All or part of the central white
area was damaged in 11 or more rats,
the stippled area in 6 to 10 rats, and the
black area in 3 to 5 rats. One scale
division == 1 mm.
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was made (that is, whenever the same
lever was depressed twice in succes-
sion), a 5-second time-out was intro-
duced. During this interval the lights
within the box were extinguished and
all responses were without effect. At
the end of the time-out period (as at
the start of each daily test session), the
first response was neither rewarded nor
punished; it merely served to program
the succeeding alternation sequence.
Each daily session lasted until 100 re-
sponses (excluding responses during
time-out) had been made. Accuracy of
performance was measured by divid-
ing the number of rewards by the num-
ber of responses (excluding the first
response of the session, all responses
during time-out, and the first response
after each time-out period). Training
was continued until a criterion of 80
percent correct responses was achieved
on four out of five consecutive days, or
until 13,000 trials had been run,
whichever was less.

Forty-seven male hooded rats of the
Long-Evans strain were used. They
were approximately 120 days old at

the beginning of the experiment. Dur-

ing training periods, the animals were
maintained at 80 percent of the body
weights established when they were al-
lowed free access to food. There were
two main groups. The first, or “reten-
tion,” group learned the alternation
task prior to operation and was retested
postoperatively to determine the effect
of the lesions upon retention of the
habit. The second, or ‘“acquisition,”
group was operated upon after learning
to press the bars to obtain food reward
but before being trained on the alter-
nation task. In the retention group, ten
animals received partial bilateral lesions
of the caudate nucleus (Fig. 1), six
received partial bilateral lesions of pos-
terior cortex (Fig. 2), and four served
as unoperated controls. In the acquisi-
tion group, seven animals received par-
tial caudate nucleus lesions, five received
partial posterior cortical lesions, and
35 served as unoperated controls. The
cortical lesions were made by suction,
the caudate ones electrolytically (6).

In the retention experiment (Fig. 3,
top) the caudate operates required
many more trials to reach criterion
than either the cortical operates or the
unoperated controls (p < .002) and
showed much poorer savings than eith-
er group (p < .002) (7). Further-
more, three of the caudate operates
(Nos. 31, 61, and 63) did not attain
the criterion within 13,000 postopera-
tive trials, while one other animal (No.

Fig. 2. Maximum (black) and minimum
(central white) extents of cortical lesions
in posterior cortex group. One scale divi-
sion — 1 mm.

23) only pressed the lever a few times
during many weeks of postoperative
testing. The performance of the cortex
lesion group and the unoperated group
did not differ.

In the acquisition experiment (Fig.
3, bottom) the animals with caudate
lesions were markedly inferior to un-
operated controls in learning the alter-
nation task (p < .001). The group
with cortical lesions acquired the task
somewhat more slowly than did the
unoperated animals, but neither the
difference between the normal ani-
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Fig. 3. Errors made by individual animals
during (top) retention and (bottom) ac-
quisition tests on the alternation task.
(The right-hand portion of the bottom,
however, shows quartile and median per-
formance scores of 35 normal control
animals.) 0 = perfect retention without
additional retraining. F = failure to at-
tain criterion in 13,000 trials. The dotted
bars for animals with scores of F indicate
that they had extensive opportunity to
press the levers, although they -did not
do so.
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mals and those with cortical lesions nor
the difference between the caudate op-
erates and cortex operates reached sig-
nificance (p = .13 and .27, respectively).

Thus both acquisition and retention
.of the alternation habit were severely
impaired by lesions of the caudate nu-
cleus but not by lesions of posterior
cortex. In order to exclude the possi-
bility that the alternation deficit re-
flected either a general learning im-
pairment or a motivational change, the
present animals and others with similar
lesions and experience were tested in a
Hebb-Williams maze according to the
procedure outlined by Rabinovich and
Rosvold (8). On the 12 test problems
the caudate group (N = 13) made a
mean of 190.5 errors, the unoperated
group (N = 9) made a mean of
152.7 errors, and the cortex group (N
= 9) made a mean of 320.9 errors.
The performance of the normal and
caudate groups did not differ signifi-
cantly, whereas both made significant-
ly fewer errors than the cortex group
(p < .002 in both cases). Since ani-
mals with caudate lesions were unim-
paired on the maze task but failed
the alternation test, it seems reasonable
to assert that they showed neither a
generalized learning deficit nor a
marked disruption of motivation to
work for food.

In conclusion, the caudate nucleus
in the rat, as in the monkey, is neces-
sary for adequate alternation perform-
ance. Further experiments are re-
quired to determine whether caudate
lesions in rat and monkey impair al-
ternation performance by equivalent
mechanisms (9; 10).
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Varying Sensitivity of C57BL/Crgl Mice to Grouping

Abstract. Mice responded differentially to increases in population size, depend-
ing on their prior experience. Compared to animals grouped prior to an increase
in population size, animals housed as isolates responded to grouping with more
fighting, a greater diminuation of testis weight, and a higher level of locomotor
activity. They also had lower testis weight and higher locomotor activity than
individually housed, nongrouped controls.

Many mammalian species are re-
ported to respond to increases in
population density with heightened ad-
renocortical activity, diminished testic-
ular function, and heightened be-
havioral arousal (7). Often, however,
even within the same species, the
endocrine changes are variable and
unrelated in any systematic way to
increases in behavioral reactivity or to
population number (2). Differential
levels of aggression, as a result of vary-
ing genotype or past experience, may
account for these inconsistencies.
Several studies indicate, for example,
that genetic predisposition toward ag-
gression is related to adrenal enlarge-
ment in dense populations (3). Simi-
larly, isolation prior to grouping will
increase aggression and other responses,
such as amphetamine toxicity and
pseudopregnancy (4). This report
offers evidence that isolation prior to
grouping increases aggressive activity,
endocrine response, and, to a lesser
degree, behavioral reactivity, thus sug-
gesting an interaction among these
factors.

Twenty male CS57BL/Crgl mice
were housed in individual cages about
254 by 12.7 by 10 cm high for 21
days beginning at 82 days of age,
while ten others of the same age were
housed as two groups of five for an
equal period of time. All animals were
ear-punched for identification. Prior
to this time all animals had been
housed since weaning in groups of five.
Clean cages were routinely provided
once a week. At the end of this 21-day

period, ten of the individually housed
animals were grouped in a single cage
measuring about 31.8 by 21.6 by 7.6
cm high, while the two separate groups
of five were housed as a single group
of ten in a cage of similar dimensions.
Ten other animals remained individu-
ally housed. Purina lab chow and
water were freely available to the
animals. Fighting behavior was re-
corded for the first half hour after
grouping, while within-cage activity
(measured as a composite of eating,
drinking, moving from one area to
another, and fighting) was recorded
each hour for the next 7 hours. After
S days of differential housing, all
animals were tested individually for
locomotor activity in a modified open
field. This apparatus consisted of a
20-by-20-inch (50.8-by-50.8-cm) floor
lined into 25 4-inch (10.16-cm) squares,
Twelve barriers about 10.16 cm
wide by 12.7 cm high were erected
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Fig. 1. Effect of grouping and prior
housing conditions on testis weight. A4,
isolates; B, density 10 (prior grouping);
C, density 10 (prior isolation).
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