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An inability of y-acetylenic GABA to block eating evoked by hypothalamic
stimulation
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Several lines of evidence have implicated the nigrostriatal dopamine system and the
neocortex for eating occurring either spontaneously or in response to electrical stimulation of the
lateral hypothalamus (ESLH). GABA-ergic neural systems are known to modulate activity in the
nigrostriatal system and neocortex. The GABA-transaminase inhibitor, y-acetylenic GABA (GAG)
was administered to rats eating in response to ESLH. This drug produced hypersynchronization
of the cortical EEG and behavioral sedation, but did not alter the current threshold for evoking
eating by ESLH. Implications of results for understanding mechanisms underlying ESLH-induced
eating are discussed.

Although it has been known for over 20 years that hypothalamic stimu-
lation may evoke eating in satiated animals [10], the mechanisms underlying this
fascinating phenomenon remain unclear. A number of investigators have argued
that the eating observed during electrical stimulation of the lateral hypothalamus
(ESLH) results from activation of specific neural circuits regulating hunger
[7, 16]. In contrast, Valenstein and his colleagues have demonstrated that the
eating and other behaviors evoked by ESLH are much more stereotyped, and
differ in other significant ways from the eating of food-deprived animals [26-28].
Moreov:r, Cox and Valenstein [6] have shown that the neural substrate for this
behavior was not as specific as implied by investigators committed to the idea
of congruence with the feeding area as defined by ‘lesion studies.” Recently,
evidence that the behavior evoked by ESLH persists after destruction of hypo-
thalamic tissue surrounding the tip of the stimulating electrode provided ad-
ditional support for the view that such behavior does not depend on activation
of specific neural circuits [3]. The demonstration that such non-specific stimu-
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lation as tail-pinch can evoke eating in satiated animals has also made it more
difficult to maintain that such behavior reflects the activation of specific neural
substrate of hunger [1, 2].

Several lines of evidence suggest that neural circuits outside the so-called
‘classical lateral hypothalamic feeding area’ may contribute significantly to the
capacity of ESLH to evoke eating. Following Ungerstedt’s [25] demonstration
that disruption of the nigrostriatal dopamine system produces severe feeding
deficits, impairment of stimulation-induced feeding was reported after intra-
ventricular 6-hydroxydopamine (6-OHDA) administration [18] and after intra-
peritoneal injections of the dopamine receptor blocker, haloperidol [19]. Antel-
man et al. [2] have also provided evidence for an important role of dopamine in
tail-pinch-evoked eating. Additional support for the importance of the nigro-
striatal systems derives from the evidence from both lesion and electrical stimu-
lation studies which demonstrate the importance of the corpus striatum for
sensory-motor reflexes involved in feeding behavior [13, 14, 17, 22, 24].

It is generally accepted that activity in the nigrostriatal system is modu-
lated by an inhibitory, striatonigral GABAergic feedback system originating
in the globus pallidus and caudate nucleus and terminating in the substantia
nigra [9, 20, 32]. An inhibitory role for GABA in feeding behavior was suggested
by Kuriyama and Kimura [12}, who reported that GABA levels were decreased
in the lateral hypothalamus, but increased in the ventromedial hypothalamus,
by insulin-induced hypoglycemia. Moreover, although Soper and Wise [21]
attributed the facilitation of ESLH-induced eating by diazepam to the anti-
anxiety action of this drug, several investigators have suggested that diazepam
action is mediated by its effect on GABAergic activity (e.g. refs. 5 and 23).
The purpose of the present study, therefore, was to assess the effects of
modifying GABA brain levels on eating induced by ESLH.

The experimental animals were male rats (body weight ranged from 285
to 600 g) of either the Long-Evans (Charles River laboratories, Wilmington,
Mass. and the Simonsen Co., Gilroy, Calif) or Sprague-Dawley strains
(Holtzman Laboratories, Madison, Wisc.). Animals were housed in a temper-
ature-regulated vivarium in which the lights were off from 12.00 to 22.00 h.
Daily body weight records were maintained on al! animals.

Animals were anesthetized with Equi-Thesin (Jen-Sal, Inc.) supple-
mented, when reeded, by Metofane (methoxyflurane, Pitman-Moore, Inc.).
Bipolar electrodes were implanted in the lateral hypothalamus using standard
stereotaxic techniques (coordinates: 3.5 mm posterior to bregma, 1.4 mm
lateral, 8.25 mm below the surface of the skull level between bregma and
lambda). The electrodes were twisted, bipolar'stainless steel wires (0.25 mm
diameter, MS 303/1, Plastic Products Co., Roanoke, Va.) bare of insulation
only at the adjacent tips.

To modify GABA brain actlvxty the newly synthesnzed GABA-trans-
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aminase inhibitor, y-acetylenic GABA (GAG) was used. The drug was admin-
istered by intraperitoneal injections. GAG was injected 4 L prior to all
behavioral or electrophysiological testing. Dose levels were 100 mg/kg body wt.
on the first drug-test day followed by 50 mg/kg body wt. on each of 5 consecutive
days. This dose level has been shown to produce a 6-fold increase in the brain
GABA content, the effect being maximal 4 h after treatment, remaining almost
on the same level 12 h later and declining to slightly above normal levels by
24 h after treatment [11, 29]. '

Because of the report that GAG produces somnolence and sedation
accompanied by synchronous and hypersynchronous (wave-spike) electrographic
activity, additional animals were implanted with bilateral cortical, recording
electrodes in order to demonstrate the effectiveness of our drug regimen. Holes
for electrodes, located cver the visual cortex, were drilled in the midline over
the cerebellum. The cortical and indifferent electrodes consisted of approxi-
mately 1.0 mm silver balls (procduced by melting insulated silver wire, 0.1 mm
diameter) positioned on the dura. The wire was presoldered to Amphenol
microminiature pins, which were centered on the skull. One week after surgery,
these animals received GAG for 4 consecutive days according to the protocol
described above. EEG was monitored 4-5 h after injection — a time period
corresponding to that of all behavioral testing. The EEG record clearly demon-
strated a slowing (3-4 Hz) and hypersynchronization with paroxysmal waves of
wave-spike discharge. This pattern developed after the first GAG injection and
intensified following successive injections.

Following recovery from surgery, rats with hypothalamic electrodes were
placed in a 20.5 x 26.5 x 42.5 cm Plexiglas chamber with Noyes 45 mg food
pellets scattered on the floor. After a 20 min habituation period animals
received 20 sec trains of hypothalamic stimulation (60 Hz sine waves) from a
constant current source, alternating with 15 sec inter-trial intervals. Rats that
consistently ate food pellets during ESLH were then placed on a regimen of
‘threshold testing.’ The ‘threshold test’ is 2 measure of the minimal stimulation
intensity that evoked eating. It consisted of a ‘staircase titration’ method in
which the intensity was raised in 1 uA steps if no eating was observed, but
was repeated at the same intensity when eating occurred. If eating did not
recur, the intensity was raised again. When eating recurred at the same intensity,
the current was decreased 3 uA, and the procedure repeated twice more. The
three intensities at which eating occurred twice in succession were averaged for
the ‘daily threshold.’

Over the 6 days of GAG injections, all 5 rats exhibited a significant
decrease in body weight. On the last day of GAG treatment the animals were
at 80% of the body weight they would have reached had they not received this
drug. During the first 4 days of GAG injections the muscle tone of the animals
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was obviously flaccid; they tended to hang limply when picked up and they
showed little spontaneous behavior during testing. During the last 2 days some
spontaneity and muscle tone appeared to return.

In spite of the very significant decrease in body weight during the 6 days
of GAG treatment, in addition to the behavioral signs of sedation, the threshold
of ESLH-evoked eating showed only a relatively small (non-significant) increase.
When compared to the average current threshold for the 3 days following drug
treatment no difference at all was evident. It may be worth noting that the
variability of the thresholds was greater during the post-drug tests. The
increased variability may have been the result of individual differences in
‘rebound effect’ following GAG treatment. We have observed that some, but
not all, animals become very jumpy and may even attempt to bite when handled
after the termination of several days of GAG treatment. Fig. | depicts the results
of the daily threshold tests prior to, during, and after GAG treatment.

Even though there was no significant change in threshold during GAG
treatment, there were qualitative differences in the behavior of animals during
hypothalamic stimulation. Prior to GAG treatment, the rats tended to be quite
active and aroused during stimulation and often ate a number of pellets during
the 20 sec period. In contrast, under the influence of GAG treatment, the
animals often sat quietly until the last 5 sec of stimulation, at which time they
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Fig. 1. Average current threshold (+ 5.E.M.) for evoking eating fr.m stimulation of lateral hypo-
thalamic stimulation of rats (n = 5) before (A), during (B) and after (C) 6 days of treatment with
v-acetylenic GABA (GAG). See text for schedule of drug dose administration.
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sometimes moved only their head and ate a single pellet. On a numbe: of
occasions, the GAG-treated animal was not activated by the ESLH until only
1 or 2 sec of stimulations remained, leaving insufficient time for the animal
to do more than move its head toward the pellet. In most such instances, the
following stimulation (being 1 uA higher) activated the animal more quickly
and one or more pellets were eaten. Thus, the major effect of the GAG treat-
ment seemed to be on the capacity of the stimulation to arouse a sedated animal.
Once aroused, the animals appeared to be motivated to eat.

The present results demonstrate that the GABA-transaminase inhibitor,
GAG, does not significantly affect the current threshold for evoking eating by
ESLH. These results are surprising in view of the evidence that GABA plays
a critical role in modulating the dopamine pathways connecting the substantia
nigra and the corpus striatum, a neural circuitry implicated in feeding mech-
anisms by the several lines of evidence discussed above. Under the influence of
GAG, our animals not only failed to engage in exploratory behavior when
placed in the test chamber, but they also did not respond to such noxious
stimulation as hard tail-pinching. The significant weight loss experienced by all
animals receiving GAG may also have been due to a lack of responsiveness
to the food available in their home cages. The present finding that the threshold
for evoking eating behavior during ESLH is relatively unchanged suggests
either that such behavior does not depend upon responsiveness to external
stimuli, or that the hypothalamic stimulation is capable of potentiating respon-
siveness to stimuli. The latter possibility is consistent with observaiions and
views of several investigators [4, 8, 15, 30, 31]. In any case, the major effect
of GAG treatment on ESLH-evoked eating appears to be on sedation rather
than on motivation to eat.
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