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Afféctive Behavior in Patients with Localized

Cortical Excisions: Role of Lesion Site and Side

Abstract. The perception of emotion in verbal and facial expression, and the
spontaneous production of conversational speech were studied in patients with
unilateral focal excisions of frontal, temporal, or parieto-occipital cortex. Lesions of
the left hemisphere impaired the matching of verbal descriptions to appropriate
verbal categories of eniotional states, whereas with lesions of the right hemisphere,
the matching of different faces displaying similar emotional states was impaired. The
effects of lesions of both left and right hemisphere occurred regardless of the locus of
the lesion. On the other hand, frontal-lobe lesions had differential effects upon
unsolicited talking; lesions of the left frontal lobe virtually abolished this behavior,
whereas lesions of the right frontal lobe produced excessive talking. These data
suggest that the nature of the behavioral stimulus as well as the locus and side of
damage must be considered in the study of the neural basis of affective behavior.

Although there has been extensive
study of the role of the left and right
hemispheres in the production of cogni-
tive processes (1), there have been rela-
tively few studies specifically designed
to consider the complementary roles of
the two hemispheres in the production of
affective behavior. An understanding of
the neural control of human affective
behavior might be improved by studying
those stimuli that seem most important
in human social interaction, namely fa-
cial expression and language. We thus
examined the effects of cortical excision
upon the perception of emotion in facial
expression, the perception of emotion in
verbal expression, and the spontaneous
production of conversational speech, by
making use of experimental designs
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modeled on previous studies of affective
behavior of nonhuman species (2). In
addition, we compared these data to our
previous investigation of the effects of
cortical lesions on spontaneous facial
expression (3).

The subjects were 20 right-handed
normal control subjects and 58 patients
at the Montreal Neurological Hospital
who had uridergone a unilateral excision
of cortical tissue of the frontal (7 left, 14
right), temporal (13 left, 17 right), or
paricto-occipital (4 left, 4 right) regions
for the relief of epilepsy (4). When the
temporal lobe was removed, the amyg-
dala was partially or completely re-
moved, and the hippocampus was par-
tially removed.

The perception of emotion in facial

and verbal expression was measured by
a nonverbal photograph-matching test
and a sentence-matching test, respec-
tively. In the photograph-matching test,
the subject was first shown seven key
photographs, each of which depicted one
of the verbally catégorizable emotions
described by Ekman, Friesen, and Ells-
worth (5). These have been character-
ized as sadness, fear or terror, happiness
or amusement, anger, disgust or con-
tempt, surprise, and interest or atten-
tion. The subject was then shown a se-
ries of 24 photographs of faces taken
from Life magazine and was asked to
match each of them with the key photo-
graph that most closely expressed the
same emotion (6). In the sentence-
matching test, the subject was given the
verbal categories of emotion listed above
and was asked to describe the emotion of
a person described in each of 48 sen-
tences describing an event illustrated ina
photograph from Life. Expressive be-
havior in the form of unsolicited talking
was measured by noting each time a
patient interrupted testing with com-
ments about the test or with extraneous
remarks.

Patients with lesions of the right hemi-
sphere, irrespective of the lesion site,
were significantly impaired on the photo-
graph-matching test (Fig. 1A) whereas
patients with lesions of the left hemi-
sphere were significantly impaired on the
verbal test (Fig. 1B) (7). Patients with
left frontal-lobe lesions seldom interrupt-
ed testing by spontaneously talking,
whereas those with right frontal-lobe le-
sions frequently did so (Fig. 2) [F(5, 44)
= 5.1, P < .05].

In a previous study (3) we recorded
the frequency of spontaneous facial ex-
pressions in a similar patient population,
finding a large reduction in spontaneous
facial expression in patients with left or
right frontal-lobe lesions, compared with
patients with temporal- or parietal-lobe
lesions. Thus the increased spontaneous
talking of the right frontal-lobe lesion
patients in the present study stands in
marked contrast to their relatively infre-
quent changes in facial expression.

The extremely limited spontaneous
talking of our patients with left frontal-
lobe lesions supports a number of previ-
ous reports describing a striking impov-
erishment of the spontaneous narrative
speech produced by patients with left
frontal lesions (8), an observation that
has been quantified with the Thurstone
Word Fluency Test (9, 10) in either writ-
ten or oral form. The frequent spontane-
ous talking of the right frontai-lobe pa-
tients can probably be ascribed to the
tendency of right frontal lesions to pro-
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spontaneous interruptions during the tests of receptive function. Patients with left frontal
lesions made virtually no comments, whereas patients with right frontal lesions were excessive-
ly talkative. The frontal-lobe groups each differed significantly from all other groups (Tukey’s
multiple comparisons, P’s < .05) with the exception of the left temporal-lobe group, which
differed only from the left frontal-lobe group. No other differences were significant.

duce impulsiveness and rule-breaking
behavior (/1) of which irrelevant talking
during testing would seem to be an ex-
ample.

Waxman and Geschwind (/2) have de-
scribed excessive writing behavior in pa-
tients with temporal lobe epilepsy, and
patients with the so-called ‘‘temporal-
lobe personality’’ have been described
as excessively talkative (/3). This ten-
dency to be talkative is, in our experi-
ence, more frequently associated with
right temporal-lobe lesions. The failure
to observe an increase in spontaneous
talking by the right temporal-lobe pa-
tients in the current study is probably the
result of two factors. (i) Since talking
was a form of rule-breaking behavior in
the current study, the temporal patients
may have been more inhibited in their
talking than they would have been in
normal conversation. (ii) As only the
initiation of spontaneous talking was re-
corded and not the duration or content,
the possibility that the right temporal-
lobe patients talk longer than other pa-
tient groups was not assessed. On the
basis of studies of neurological and psy-
chiatric patients it has been proposed
that the right hemisphere plays a special
role in the production of affective behav-
ior and the perception of socially rele-
vant stimuli such as facial expression
and affective tone in voices (/4).

This proposal has received support
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from studies that have used split-visual-
field techniques (/5), dichotic listening
procedures (/6), or measurements of lat-
eral eye gaze (/7) in normal subjects.
Our studies of the perception of emo-
tion in facial and verbal expression, as
well as the production of spontaneous
talking and facial expression, suggest
that previous emphasis upon the right
hemispheric control of affective behavior
has neglected a complementary role of
the left hemisphere. This conclusion is
further supported by our observation (3,
9, 18) that neither facial expression nor
mood are differentially affected by intra-
carotid Amytal Sodium injection into the
left or right hemispheres. It seems that
the nature of the stimulus as well as the
locus and side of damage must also be
considered when studying the effects of
cortical lesions on affective behavior.
We suggest that techniques involving the
naturalistic observation of behavior,
which have long been used in the analy-
sis of affective behavior in nonhuman
species (2), be advanced in the study of
cortical function in humans as well.
BryaN KoLB
Department of Psychology,
University of Lethbridge,
Lethbridge, Alberta, Canada TIK 3M4
LAUGHLIN TAYLOR
Montreal Neurological Institute,
3801 University Street,
Montreal, Quebec, Canada H3A 2B4
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Role of Mediodorsal Thalamic Nucleus in Olfactory

Discrimination Learning in Rats

Abstract. Severe deficits in the acquisition of an olfactory learning-set task
resulted from lesions of the central (olfactory) component of the mediodorsal
thalamic nucleus but not from large lesions that destroyed olfactory projections to
the amygdala. Complex olfactory learning may be mediated by the olfactory
thalamocortical system and not by olfactory projections to the limbic system.

A prominent projection for olfactory
impulses to the central segment of the
mediodorsal thalamic nucleus has now
been firmly established by experimental
anatomical and neurophysiological stud-
ies (/). This segment of the mediodorsal
nucleus projects to several frontal corti-
cal areas including the lateral orbital
cortex (2). The existence of a thalamic-
neocortical projection for olfactory in-
formation challenges the traditional view
of the olfactory system as a primitive
sensory modality having only basal fore-
brain projections and involved primarily
in species-specific or affective behav-
iors. However, the functional signifi-
cance of this olfactory cortical projection
has not been established (3). In behavior-
al studies we have shown that, when

provided with odor cues, rats can ac-
quire learning sets as efficiently as pri-
mates trained with visual stimuli do (4).
We now report that this form of learning
in the rat is severely disrupted by lesions
of the olfactory thalamic cortical system,
but not by lesions of olfactory projec-
tions to the limbic system.
Twenty-seven adult male rats were
trained on a discrete-trials, ‘‘go, no-go”’
discrimination procedure in a wind-tun-
nel olfactometer (4). On each trial either
the positive (S™) or negative (S7) stimu-
lus was presented for 3 seconds. Key
responses by the subject in the presence
of the S* stimulus resulted in termina-
tion of the trial and delivery of a 0.05-ml
water reward; key responses in the pres-
ence of the S~ stimulus were not rein-

forced (5). Prior to surgery, animals were
trained to discriminate a flashing light
(S*) from a steady light (S7).

After 10 to 14 days of postoperative
recovery, the rats were tested for reten-
tion of the visual discrimination prob-
lem. On the next day they were trained
to discriminate the odor of propyl ace-
tate (S*) from that of ethyl acetate (S7).
Stimulus concentration for both odor-
ants was approximately 0.05 percent of
vapor saturation. Training on this prob-
lem was terminated when 90 percent
correct responding was achieved in a
block of 20 trials. On the next day the
positive and negative values of the stim-
uli were reversed and training was con-
tinued until the 90 percent correct re-
sponding criterion was achieved. This
procedure was continued until six
successjve discrimination reversals had
been completed. Finally, animals were
trained to criterion on a simple detection
problem in which the odor of amyl ace-
tate (at approximately 0.005 percent of
vapor saturation) served as S* and no
odor served as S™.

Stereotaxically directed lesions were
aimed at the mediodorsal nucleus of 16
rats and at the lateral olfactory tract at
the level of the anterior amygdala in four
rats. Seven rats with sham lesions served
as confrols. Histological analysis (6) re-
vealed that the amygdaloid lesions bilat-
erally transected the lateral olfactory
tract, destroyed bordering pyriform cor-
tex, and invaded the anterior amygdala
(Fig. 1F). Discrete lesions of the central
part of the mediodorsal nucleus or of the

Fig. .l. (A to C) Representative lesions from animals in the large MD group. (D) Thalamic control group. The lesion is located just rostral to the
mediodorsal nucleus. (E) Small MD group. Small bilateral lesions are located in the ventral aspect of the central component of the mediodorsal
nucleus. (F) Representative lesion in the amygdaloid group. Lesions in this group were bilaterally symmetrical and transected the lateral olfactory

tract at the level of the anterior amygdala.
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