cortical development in the rat reach
adult values within the first month after
birth, the maturational event leading to
the apparent development of sulcal cor-
tex regulation of ingestive behavior be-
tween 40 and 60 days is not apparent.
However, one possibility is that the on-
set of puberty during this interval might
trigger this development. This possibility
is speculative at present. However, Ken-
nedy (/0) has argued that the ontogeny of
ingestive behavior is never complete un-
til puberty, and it is conceivable that go-
nadal hormones at puberty might alter
the neural circuitry controlling ingestive
behavior in much the same way that they
alter the neural substrate of sexual be-
havior during the perinatal period (/7).
Gonadal hormones are involved in
weight regulation of adult rats (/2), and
there is some evidence that medial hy-
pothalamic control of feeding depends
upon the attainment of puberty. Neither
parasagittal hypothalamic knife cuts nor
estradiol injections in female rats affect
food intake before 40 to 50 days after
birth (/3), the age at which females attain
sexual maturity.

Another possibility is that the present
results depend on the prolonged devel-
opment of the catecholaminergic ‘‘feed-
ing system’’ in rats (5, /4). Although the
cell bodies for this system are formed be-
fore or just after birth, the outgrowth of
axons and the formation of terminals in
the rostral diencephalon and telencepha-
lon continues for several weeks after
birth. Complete maturation of the corti-
cal component of this system does not oc-
cur until 60 days or later (/5). The sulcal
cortex is ideally situated to modulate the
activity of this system since it not only re-
ceives afferents from the dorsal noradre-
nergic pathway but also sends efferents
which seem to overlap with many of the
terminal projections of the dorsal and
ventral adrenergic and the dopaminergic
pathways (2, 5). Whether the projections
from the sulcal cortex and from the cate-
cholaminergic ‘‘feeding system’ ac-
tually end on the same cells within the
hypothalamus and caudoputamen is un-
known.

Finally, the fact that our animals given
early lesions showed no feeding impair-
ment at any age indicates that sparing of
function occurs in rats even after large
frontal cortex lesions. This result con-
forms fairly well with those of Goldman
(16) on sparing of function after early de-
struction of the frontal cortex. Gold-
man’s data on rhesus monkeys show that
substantial sparing occurs after early re-
moval of the orbital region but that little
or none is obtained when the dorsolater-
al region is removed at the same age.
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Since the behavioral effects of prefrontal
lesions in rats and monkeys appear to be
remarkably similar (I, 2), our results
raise the possibility that the prefrontal
cortex of the rat may provide a model for
the study of the developmental phenome-
na that Goldman has described in the
rhesus monkey (/6).
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Visual Discrimination Impaired by Cutting

Temporal L.obe Connections

Abstract. An attempt was made to transect the white matter that connects the ante-
rior temporal lobe with dorsal and medial brain areas. Eight monkeys were trained
preoperatively on a visual discrimination and tested postoperatively for retention
and relearning of the task. They were also tested for Kliiver-Bucy symptoms. The two
animals that had complete lesions were unable to relearn the visual discrimination. It
is suggested that human medial temporal lesions may produce their effects on learn-
ing and retention by damage to temporal white matter rather than by destruction of

hippocampus.

A thin band of white matter at the dor-
sal and medial aspect of the primate tem-
poral lobe forms a bridge between the
medullary core of the temporal lobe and
the capsules of the brainstem. Within
this white matter, the albal stalk of the
temporal lobe, run nerve fibers that inter-
connect temporal lobe structures with
subcortex and frontal cortex, and fibers
of the temporal limb of the anterior com-
missure (/). In a previous experiment we
cut the albal stalk of the temporal lobe by
a surgical approach through the lateral
sulcus (2). A severe loss in retention and
relearning of a visual habit and Kliver-

Bucy symptoms resulted. Unfortunate-
ly, in this procedure there was partial
damage to the geniculostriate system
which complicated our interpretation of
the data. In the present experiment we
cut the albal stalk and avoided the gen-
iculostriate system by entering the ante-
rior end of the temporal lobe in an ap-
proach much like that used for uncotomy
and hippocampectomy (3). Our results
suggest a new interpretation for the defi-
cits produced by medial temporal lobe le-
sions in man.

Eight female adolescent Macaca mu-
larta weighing 3.7 to 6.3 kg were studied.

SCIENCE, VOL. 193



304

254

n
o
!

ERRORS
o

Fig. 1 (left). Postoperative daily error scores on the visual discrimina-
tion. Each line represents one animal, and the discrimination learned
by each animal is indicated. Twenty-five errors is chance perform-
ance; five errors or less for two successive days is criterion per-
Fig. 2 (right). Diagrams of coronal sections through
the lesion area. Dashed lines indicate the edges of the lesion.

formance.

Most of the animals had been used as
normal controls or normal pilot animals
in other experiments that involved be-
havioral tests similar to the tasks of this
experiment.

All animals were trained preopera-
tively and retrained postoperatively on a
pattern discrimination in a Wisconsin
general testing apparatus. A stimulus tray
containing two food wells was presented
to the monkey. The wells were 30 cm
apart and were covered with white
plaques measuring 5 by S5 cm. The
plaques were marked with figures cut
from black adhesive material. These
figures were either + versus X, O versus
O, or N versus W. The figures were all
formed from lines 1 cm wide and were
about 4 cm tall and wide. Since most of
the monkeys had been used in previous
experiments involving a similar task,
they were each retrained with one of
these stimuli pair that was different from
those used in their original training. One
of the stimuli of each pair was chosen as
correct and was reinforced by placing a
piece of monkey chow in the well be-
neath it. The side of the reinforced stimu-
lus alternated according to a pseudoran-
dom series. Fifty trials were given per
day until 90 percent correct performance
was achieved on two successive days.

The hypoemotionality and exploratory
behavior that characterizes the Kliiver-
Bucy syndrome were measured with a
rating scale (2, 4). Details of these results
are not presented here.

Surgery was performed under sterile
conditions and with the aid of an oper-

23 JULY 1976

ating microscope. All animals were given
the same operation, and we intended to
make the lesions bilaterally symmetrical
and identical in all animals. A small cra-
niotomy exposed the anterior end of the
lateral fissure. A slit in the dura and a
slight elevation of the inferior frontal
area exposed the anterior surface of the
temporal lobe near the lateral fissure. A
small hole was made in the pia medial to
the rhinal sulcus. A glass probe was in-
serted into the hole about 12 to 15 mm
and moved in a medial and lateral direc-
tion. The intention was to make a hori-
zontal slit dorsal to the anterior temporal
lobe, above the amygdala and laterally
up to the insula.

At the end of the experiment the brain
of each animal was removed and photo-
graphed. Sections through the lesion and
through the thalamus were prepared with
fiber and cell stains.

The mean number of trials to criterion
preoperatively on the visual discrimina-
tion was 262.5 and the range was 100 to
600. Most of the animals showed excel-
lent postoperative retention of the task
(Fig. 1). One animal (83) started at
chance performance but returned to cri-
terion performance in 5 days. However,
two animals (L5 and 53) remained at
chance performance throughout 26 and
24 days of postoperative testing on a vi-
sual discrimination that they had readily
learned preoperatively (preoperative:
350 trials for L5 and 600 trials for 53).
Postoperatively, animals 5, 53, and 83
showed the approach and oral explora-
tion characteristic of the Kliiver-Bucy

syndrome (5). Attack and escape behav-
ior were also reduced in these animals;
however, these behaviors were reduced
in some of the other animals as well.

Differences in the preoperative experi-
ence of these animals might account for
some of the behavioral differences be-
tween them, but it would be difficult to
attribute the postoperative inability of an-
imals L5 and 53 to perform the visual dis-
crimination to peculiarities of preop-
erative experience. It seems more like-
ly that differences in their lesions would
account for the severe deficit.

The lesions formed a horizontal slit
from the anterior and dorsal temporal
lobe extending posteriorly into the brain
(Fig. 2). In two animals, internal blood
vessels were broken; they died within a
few hours of surgery and are not includ-
ed in the eight animals of this report. Ex-
cept for the lesions of these two animals,
there was little damage beyond the nar-
row slit made directly by the probe.

There was much variability in the le-
sions. They differed in posterior extent
and in some cases went above or below
the intended horizontal plane. Animals
in which the anterior part of the albal
stalk was completely transected had the
severe retention and relearning deficits,
while animals in which part of the albal
stalk was spared showed excellent reten-
tion. Animal 53 had the best bilateral
transection of the albal stalk and per-
formed randomly on the visual discrimi-
nation. Animal L5, which also per-
formed randomly on the visual discrimi-
nation, had the anterior part of the albal
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stalk transected bilaterally. However, on
one side, as the lesion extended posteri-
orly, it also extended dorsally to lie di-
rectly along the lateral reaches of the an-
terior commissure, completely obliter-
ating this structure on that side. The
temporal branch of the anterior commis-
sure contains noncommissural fibers
from the middle and inferior temporal
gyri to ipsilateral lenticular nuclei and
thalamus (/).

Of the animals that did relearn the visu-
al discrimination, animal 83 took the
longest and had the most nearly com-
plete lesion. The more posterior part of
the albal stalk was spared on one side in
this animal. The remaining animals all
had obvious sparing of the albal stalk.

There was a slight invasion of the optic
tract on one side in animal 53 (Fig. 2,
53D). However, this animal showed no
lateral geniculate nucleus degeneration
indicative of geniculostriate damage, and
animal LS had neither lateral geniculate
degeneration nor optic tract damage. An-
imal 83, which showed little if any visual
discrimination deficit, had bilateral dam-
age to the optic tract (Fig. 2, 83F). On
one side, the lesion extended back to the
lateral geniculate nucleus and its cortical
radiations. About 40 to 50 percent of the
nucleus was degenerated. No other optic
tract damage or lateral geniculate nucle-
us degeneration was found in any of the
other animals.

There was bilateral damage to the
amygdala in all animals, but amygdala de-
struction does not result in deficits on the
visual tasks used here @). In animal 53
there was unilateral invasion of the inter-
nal capsule (Fig. 2, 53C), and con-
tralateral hemiparesis was noted. How-
ever, the animal readily used the unim-
paired hand in the tasks of this
experiment.

We intended to cut the band of white
matter where the medullary core of the
temporal lobe becomes continuous with
the capsules of the brainstem. Previously
we had approached this fiber tract
through the lateral sulcus, damaging the
superior temporal gyrus and interrupting
part of the geniculostriate radiations (2);
the animals all failed to relearn a pre-
operatively learned visual discrimination
and displayed the Kliver-Bucy symp-
toms. We proposed that we had cut the
output of the temporal lobe, thus inter-
fering with the processing of visual infor-
mation by this structure (2). In this exper-
iment we produced the same deficit from
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an anterior approach that did not damage
temporal neocortex or the visual radia-
tions. However, the severe loss seen ear-
lier (2) occurred in only two of the eight
present animals. Histological analysis
suggests that the deficit appeared only if
the temporal albal stalk was transected.

From these results and those obtained
earlier (2), we conclude that the integrity
of the temporal albal stalk is critical for
normal learning and retention of visual
discriminations. Electrical stimulation in
the albal stalk and along the temporal
limb of the anterior commissure which
passes through the albal stalk severely
disrupts performance of visual discrimi-
nations (6). We cannot be certain which
pathways within the albal stalk are re-
sponsible for the observed deficits, but
the massive efferents of the middle and
inferior temporal gyri that terminate in
the lenticular nuclei and thalamus should
be seriously considered (/). They reach
these subcortical nuclei by traversing the
temporal albal stalk, some of them
among the fibers of the temporal limb of
the anterior commissure and others in
the ansa peduncularis. Destruction of the
middle and inferior temporal gyri pro-
duces severe deficits in the learning and
retention of visual habits (7).

The fiber pathways that enter and exit
the temporal lobe posteriorly were not in-
jured by the lesions of this experiment.
These fibers carry visual information
from occipital visual areas; transecting
them (2) or interrupting this occipitotem-
poral route by disconnection (8) pro-
duces visual discrimination deficits and
Kliiver-Bucy symptoms. It was sug-
gested (2) that these lesions produce
their effects by blocking the visual input
to the temporal cortex. It is likely that
the lesions described here produce their
effects by blocking the output of the tem-
poral cortex. These lesions were placed
anteriorly to avoid the visual radiations;
as a result, the temporal efferents to the
posterior thalamus and midbrain were al-
so at least partially spared (I). The tem-
poral cortex projections to the medial
thalamus and lenticular nuclei were com-
pletely transected in the affected animals
and are thus implicated in the visual func-
tions of the temporal lobe.

The white matter cut in this experi-
ment stands directly in the path of surgi-
cal approach to the hippocampus in man
(3). Many of the temporal cortex effer-
ents of the human brain, such as those
joining the ansa peduncularis and the

temporal limb of the anterior commis-
sure, are particularly vulnerable to this
anterior approach (9). In humans, remov-
al of the medial temporal lobe produces a
retrograde amnesia affecting several
months before the surgery and a per-
manent prograde amnesia (3). Although
these results are generally attributed to
hippocampal damage, hippocampal le-
sions in animals have not consistently re-
produced that deficit (0). If our animals
were trained within the period of retro-
grade amnesia and tested during the peri-
od of prograde amnesia, the results are
comparable to the human deficits that
are produced by lesions of the medial
temporal lobe. Therefore, it is possible
that the human deficit was not produced
by destruction of hippocampus but by de-
struction of the interconnection of tem-
poral neocortex with subcortical areas.
This possibility is consistent with evi-
dence that removal of the medial tempor-
al lobe in man produces effects much like
those of temporal neocortex lesions in
monkeys (11).
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