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Comments on Kirkby and Polgar’s interpretation
of caudate nucleus function
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Kirkby and Polgar’s position that the antero-dorsal caudate nucleus is important for two-way
avoidance conditioning (AC) is supported by recent experiments, but their argument against differential
involvement of dorsal and ventral caudate regions in one-way AC is less substantiated. Kirkby’s unitary
explanation of caudate nucleus function in terms of arousal control does not incorporate important
aspects of the caudate deficit pattern and fails to take into account the considerable functional

heterogeneity within that structure.

In a series of experiments, Kirkby and Polgar (1974)
compared the effects of lesions to dorsal or ventral
aspects of the head of the caudate nucleus on
performance in one- and two-way active avoidance
conditioning (AC) tasks. With one exception, their
results are identical to those of similar experiments
previously published by Winocur (1974). The major
difference is that Kirkby and Polgar found dorsal and
ventral groups to be equally impaired relative to controls
on one-way AC while Winocur found only ventral groups
to be impaired on this task. The ability of rats with
dorsal caudate lesions to learn a one-way avoidance
response within normal limits had also been previously
reported by Winocur and Mills (1969) who argued that
the antero-dorsal aspect of the caudate nucleus was not
essential for active AC. Kirkby and Polgar (1974)
maintain that this hypothesis should be rejected.

Insofar as the Winocur and Mills hypothesis referred
to two-way, as well as one-way AC, Kirkby and Polgar’s
point has justification. Until recently, only one
experiment (Albert & Bignami, 1968) had appeared in
which rats with restricted antero-dorsal caudate lesions
had been tested on shuttlebox AC. These animals
performed as well as controls but subsequent
experiments by Neill and Grossman (1970), Winocur
(1974), and most recently by Kirkby and Polgar (1974),
involving essentially the same task have produced data
contradictory to the results of Albert and Bignami.
Lesions placed more ventrally in the structure will also
impair two-way AC (Mitcham & Thomas, 1972), but it
should be emphasized that the respective contributions
of antero-dorsal and postero-ventral caudate regions are
quite different (Winocur, 1974).

Kirkby and Polgar also argue against the notion that
dorsal and ventral regions of the caudate nucleus are
differentially involved in one-way AC. In this respect,
their position is more difficult to accept. Only two
published studies have directly compared dorsal and
ventral caudate involvement in one-way AC (Kirkby &
Polgar, 1974; Winocur, 1974), and they are clearly
contradictory regarding the performance of the dorsal
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groups. However, Winocur and Mills (1969) had earlier
tested different groups of rats with restricted
antero-dorsal caudate lesions under three conditions of
one-way AC and consistently found no significant
differences between these groups and controls. On the
other hand, the results of a number of studies (e.g.,
Kirkby & Kimble, 1968; Kirkby & Polgar, 1974;
Winocur, 1974) leave little doubt that caudate lesions
involving postero-ventral regions severely disrupt
one-way avoidance conditioning. Thus, taken together,
the bulk of the evidence suggests that the caudate
nucleus is functionally dissociated with respect to AC
and that antero-dorsal portions of the structure are not
essential for one-way learning. The functional
heterogeneity of the rat caudate nucleus has been
extended to passive as well as active avoidance learning
(Winocur, 1974), appetitive discrimination tasks
(Potegal, 1969), and to a variety of tasks involving other
species (see review by Divac, 1968).

Kirkby (1973; see also Kirkby & Polgar, 1974) favors
a unitary explanation of caudate function. In a series of
experiments, Kirkby (1973) found rats with caudate
lesions [larger than those in the Winocur (1969, 1974)
and Kirkby & Polgar (1974) studies] to be hyperreactive
in a variety of test situations including, for example,
open field behavior and reactivity to illumination. His
interpretation that the caudate nucleus plays a role in
“the modulation of neural arousal” (p. 94) conforms to
his data but is limited as a general statement of caudate
function. For example, an extremely aroused animal
with low response thresholds could be expected to
exhibit increased motor excitability in a variety of
situations, particularly those demanding response
suppression. Although rats with caudate damage are
sometimes impaired on tasks which involve the
withholding of inappropriate responses, e.g., passive
avoidance conditioning, this impairment seems related to
the effects of the lesion interacting with specific task
conditions (Winocur & Mills, 1969) rather than a
lesion-induced bias towards response disinhibition.
Furthermore, rats rendered hyperreactive by brain
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lesions, as is the case following damage to the septal
region, typically show enhanced two-way AC
(Krieckhaus, Simmons, Thomas, & Kenyon, 1964;
Schwartzbaum, Green, Beatty, & Thomson, 1967). As
already established, caudate lesions severely impair this

type of learning.
An experiment by Schmaltz and Isaacson (1968) may

explain in part the increased activity pattern attributed
to rats with caudate nucleus lesions. These investigators
found that, following caudate lesions, rats displayed
abnormally high response rates and consequently
achieved little success in a DRL barpressing task. The
effect, however, was transient so that by 4045 days
postsurgery, response differences between groups had
disappeared. In this context, it is significant that in
Kirkby’s (1973) experiments, all testing was completed
within 28 days of surgery. The possibility that
caudate-damaged rats are sometimes slower to recover
from the irritative effects of the lesions should at least
be considered.

Thus, Kirkby’s (1973) explanation of caudate
function does not adequately incorporate many
important aspects of the caudate deficit pattern and if
application is restricted to transient postoperative
changes, its ability to describe the behavioral role of the
structure in any fundamertal sense becomes
questionable. Finally, and perhaps most importantly, the
hypothesis does not take into account the
well-established functional heterogeneity of the caudate
nucleus, one advantage at least of hypotheses favored by
other investigators (Divac, 1968; Potegal, 1969;
Winocur, 1974).

.
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