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The present experiment investigated the effects of unilateral 6-hydroxydopamine lesions of the caudate nucleus and nucleus
accumbens on eating and drinking evoked by electrical stimulation of the lateral hypothalamus (ESLH). Lesions were made on
either the ‘dominant’ or ‘non-dominant’ hemisphere as defined by an amphetamine-rotation test. We report here that lesions of
the ‘dominant hemisphere’ were significantly more effective in disrupting ESLH-evoked behavior as well as producing longer-

lasting deficits in somatosensory responsiveness as measured by the ‘tactile extinction test’.

It is well established that electrical stimulation
of the lateral hypothalamus (ESLH) can elicit
eating and drinking in many animals**. Although
it was initially suggested that ESLH activated the
specific neural systems controlling homeostatic
consummatory behavior such as eating and
drinking in response to hunger and thirst>®, this
view has been seriously challenged, by demon-
strations that: identical stimulation of a given
electrode site typically evokes several different
behaviors depending on availability of stimuli®’-38,
taste preferences of stimulated animals are differ-
ent from those of hungry or thirsty animals3%-33;
individual differences in predisposition to eat or
drink during ESLH cannot be explained either by
electrode placement**! or differences in the
amount of food or water normally ingested!”.

The view that ESLH-elicited behavior is a re-
sponse to a much less specific activating stimulus

than hunger or thirst is supported by evidence of
similarities between the behaviors evoked by tail-
pinch and schedule-induced polydipsia (SIP).
These procedures all produce increased activa-
tion that can be channelled into a variety of in-

gestive and non-ingestive behaviors!-7-16-28:35.36,39,
The demonstration that there is a strong correla-
tion between the behavior displayed by individual
animals during ESLH and SIP tests lends credi-
bility to the suggestion that the behaviors elicited
by these different conditions may have a common
neural substrate'®2!:33,

Behavior evoked by tail-pinch has been re-
ported to be mediated by the nigrostriatal dopa-
mine system?, and SIP has been shown to be
attenuated or abolished by lesions of the mesolim-
bic dopamine pathway>*4°. Preliminary evidence
has indicated that the behavior evoked by ESLH
can be disrupted by dopamine receptor blockers
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and intraventricular 6-hydroxydopamine (6-
OHDA) injections'?20-21.22.2°,

The purpose of the present experiment was to
investigate the role of dopamine in ESLH-elicited
eating and drinking by unilateral destruction of
dopamine terminals in the caudate nucleus and
nucleus accumbens. Unilateral lesions were used
because they avoided the debilitating motor
impairments of bilateral lesions and because they
made it possible to evaluate the importance of
asymmetry in the nigrostriatal dopamine sys-
tem'!'-!4152¢ for eating and drinking evoked by
ESLH.

The subjects were 47 mature, male Long—
Evans hooded rats, bilaterally implanted with bi-
polar stainless steel electrodes in the lateral hypo-
thalamus. In addition, 24 gauge guide cannulas
were placed bilaterally just above the dorsal bor-
der of the caudate nucleus (CD) and nucleus ac-
cumbens (NAC). Following recovery from sur-
gery, rats were tested for amphetamine-induced
rotational behavior to estimate the degree of
asymmetry in nigrostriatal DA. Each rat was
placed in an automated spherical rotometer for a
15 min habituation period and then injected with
1.2 mg/kg (i.p.) D-amphetamine sulfate (AMPH)
dissolved in saline. AMPH-induced rotational
behavior was recorded for 60 min. Based on the
direction of the majority of full rotations (defined
as 4 consecutive 90° turns), the hemisphere con-
tralateral to the preferred direction of rotation was
defined as ‘dominant’ for rotational behavior, and
the other hemisphere ‘non-dominant’. It has pre-
viously been shown that the striatum contralateral
to an animal’s preferred direction of rotation has
higher dopamine levels and greater metabolic ac-
tivity as measured by the 2-deoxy-D-[ “*C] glucose
autoradiographic method'®'=.

One week to 10 days after the AMPH rotation
test, animals were habituated to a Plexiglas cham-
ber and tested for the behavior evoked by ESLH.
Stimulation consisted of 20-s trains of 60-Hz sine
waves alternating with 15-s intertrial intervals.
During testing, 75-mg food pellets (P.J. Noyes)
were available on the floor, and a standard water
bottle with a metal drinking tube was attached to
one wall. Stimulation intensity was increased
from 1 uA, by 1-uA steps until animals ate or

drank, or until they became either excessively
agitated or displayed ‘forced’ motor responses,
either of which precluded eating or drinking. Ani-
mals that ate or drank were given additional
ESLH at a current intensity just above the
‘threshold’, until they ate or drank on 5 consecu-
tive stimulations. After screening with the right
hypothalamic electrode, animals were tested for
their response to stimulation of the left electrode.
All rats were retested on 3 separate occasions,
separated by 48 h, using the same procedure. The
average current threshold for evoking ingestive
behavior was 9.1 uA. The 16 rats that failed to eat
and drink in response to stimulation at either
electrode were eliminated from the experiment.

One week after completion of ESLH testing, 22
of the 31 rats that displayed consistent and re-
liable eating or drinking during ESLH were tested
for asymmetry in sensorimotor responsiveness
using the ‘tactile extinction test’ described by
Shallert et al.>!. This test is analogous to the
‘simultaneous stimulation test’ used clinically with
patients recovering from brain damage'***. A
small piece of sticky tape (Pres-a-Ply Label,
Dennison) was simultaneously placed on the
radial aspect of each of the animal’s forepaws and
the latency to remove each label was recorded.
The ‘tactile extinction test’ was repeated on 4
trials separated by 5-min intertrial intervals and
the time to remove the tape was averaged for each
paw separately.

Following completion of the ‘tactile extinction
test’, all 31 animals were then lesioned unilaterally
in either the ‘dominant’ (n = 16) or ‘non-domi-
nant’ (n = 15) hemisphere as determined by the
AMPH-rotation test. Using the previously im-
planted cannulae, destruction of DA terminals in
CD and NAC was accomplished by injection of
6-OHDA dissolved in 0.99, saline with 0.1%
ascorbic acid. Details of this procedure are pro-
vided in the legend to Table I. All rats were re-
tested for ESLH-evoked behavior at 7-day inter-
vals for one month. The tactile extinction test was
readministered at 7 and 21 days following the
lesion. All animals were retested for AMPH-
induced rotation 1-2 weeks after the second ‘tac-
tile extinction test’.

Animals (n = 27) were decapitated 5—6 weeks



TABLE 1

Mean dopamine levels (ngjmg wet tissue weight) and standard
errors in lesioned and non-lesioned structures®

Note: 8 pg of 6-OHDA were infused unilaterally in 4 ul of
vehicle at a rate of | ul/min through the cannula. Rats were
pretreated with desmethylimipramine (DMI) (25 mg/kg),
30 min prior to infusion of 6-OHDA. Catecholamine content
was determined using a method modified from Felice et al.
(1978). DA and NE depletion were determined by the for-
mula 100-(lesion side/non-lesion side x 100). The 4 rats that
had bilateral DA depletion and the 3 rats that had normal
DA levels, presumably because of blocked cannulae, were
eliminated from the data analysis.

Structure Lesioned Non-lesioned
Corpus striatum 1.62 + 0.29 9.59 + 0.73
Nucleus accumbens 2.58 + 0.54 494 + 0.55
Olfactory tubercle 1.64 + 0.27 3.84 + 0.34

* There were no differences between dopamine levels of
dominant and non-dominant sides.

after the 6-OHDA lesions. A biochemical ana-
lysis of DA and NE content in the CD, NAC and
olfactory tubercle was made using high perform-
ance liquid chromatography with electrochemical
detection. Cresyl violet-stained histological sec-
tions (30um) of the more posterior portion of the
brains was used to determine electrode place-
ment.

When rested for ESLH-evoked behavior, the
majority (75%) of the animals with ‘dominant’
side lesions no longer ate or drank in response to
stimulation. The animals were tested with current
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Fig. 1. The average ( + S.E.M.) latency to remove the adhe-
sive label from the radial aspect of the forelimb contralateral
(open bar) and ipsilateral (striped bar) to a ‘dominant’ or
‘non-dominant’ lesion. Tests were performed at 7 (left) and
21 (right) days following the lesion.
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intensities up to 30 uA unless the stimulation
completely disrupted behavior at a lower inten-
sity. In contrast, only 25% of the animals with
‘non-dominant’ side lesions no longer exhibited
the ESLH-elicited ingestive behaviors. This dif-
ference is  statistically  significant  (chi
square = 6.0, df = 1, P < 0.05). The elimination
of ESLH-evoked behavior appeared to be long-
lasting. Of the 12 animals that failed to show
ESLH-evoked eating and drinking at any current
intensity, only 3 rats recovered this behavior
within 1 month. All animals, however, displayed
quite normal increases in locomotor activity when
stimulated. The current threshold of the animals
that continued to eat or drink in response to
ESLH after the lesions was unchanged.

The first ‘tactile extinction test’ indicated that
prior to a lesion, the latency to remove the tape
was not related to the direction of AMPH-
induced rotation. Seven days after a lesion of
either the ‘dominant’ or ‘non-dominant’ hemis-
phere, there was a significant increase in the
latency to remove the tape from the contralateral
paw (paired t-test = 2.2, df = 17, P < 0.05). At
21 days, however, the animals lesioned in the
‘dominant’ hemisphere had not improved, but the
performance of rats lesioned in the ‘non-domi-
nant’ hemisphere was significantly improved
(F=6.49, df = 1.15, P < 0.05). The latency to
remove tape from the ipsilateral forepaw did not
change from prelesion values in either group.

When retested for AMPH-induced rotation,
rats lesioned in the ‘dominant’ hemisphere tended
to change their direction of rotation as indicated
by a significant increase in rotations ipsilateral to
the lesion (prelesion full rotations: 20.9; post-
lesion full rotations: 142.1; paired -test = 3.34,
df = 9, P < 0.01). The direction of the rotational
behavior of rats lesioned in the ‘non-dominant’
hemisphere was unchanged.

Dopamine depletion varied between 48 and
84 9,, whereas NE depletion did not exceed 339,
in any area. The differences in dopamine levels
between the lesioned and non-lesioned sides are
shown in Table I. There were no differences in
absolute dopamine levels between the dominant
and non-dominant structures in either the lesion-
ed or non-lesioned hemisphere.
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The histological analysis indicated that elec-
trodes were all located in the lateral hypothalamus
at the level of the ventromedial nucleus, with no
differences between the ‘dominant’ and ‘non-
dominant’ lesion groups. Rats continued to gain
a significant amount of weight (F=32.2,
df = 3,57, P < 0.001) during the month following
a lesion. The average weight gain during this
period was 149, regardless of lesion group, and
did not differ significantly from 3 animals that had
no biochemical evidence of a lesion.

The present results implicate forebrain DA sys-
tems in eating and drinking elicited by ESLH and
they point to clear differences between the two
sides of the brain. Damage to the DA systems on
the ‘dominant’ side as defined by the AMPH-
rotation test is 3 times as likely to disrupt ESLH-
evoked eating or drinking than a comparable
lesion on the ‘non-dominant’ side. This disruption
of eating and drinking evoked by ESLH was not
accompanied by a disruption of ad libitum eating
and drinking as judged by postlesion body weight.
The dissociation of the effects of the lesion on
ingestive behavior evoked by hypothalamic stimu-
lation and by hunger and thirst support the sug-
gestion that different mechanisms are involved?®.

Previous research in this laboratory investi-
gated the effects of unilateral destruction of do-
pamine pathways on self-stimulation and ESLH-
evoked behavior obtained from bilateral hypo-
thalamic electrodes (Fray and Valenstein, unpu-
blished). In a number of animals, striking disso-
ciations were observed between the amount of
DA depletion and subsequent effects on behavior.
Following unilateral lesions of the substantia ni-
gra, self-stimulation and evoked behavior were
only minimally reduced in some rats with large
DA depletions, while in other animals with small-
er DA depletions these behaviors were greatly
attenuated. The present results indicate that the
variability in the effectiveness of unilateral lesions
that was previously observed, can probably be
explained by the intrinsic asymmetry of DA sys-
tems. These results are also consistent with earlier
reports that unilateral lesions of the ‘dominant’ or
‘non-dominant’ hemisphere have different effects
on rotational behavior and sensorimotor respon-
siveness®>7.
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