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CHEN, S.-W., M. F. DAVIES AND G. H. LOEW. Food palatability and hunger modulated effects of CGS 9896 and
CGS 8216 on food intake. PHARMACOL BIOCHEM BEHAV 51(2/3) 499-503, 1995.—The effect of food palatability
and duration of food deprivation on the modulation of food intake by two benzodiazepine receptor (BDZR) ligands, CGS
9896 and CGS 8216, were investigated. Three diets differing in palatability (high, medium, or standard) and three different
periods of food deprivation (0, 16, or 24 h) were used in all combinations to compare the effect of these variations on the
observed modulation of food consumption by both BDZR ligands. Increasing diet palatability and/or food deprivation
increased the baseline food consumption and reduced the sensitivity of the test to the detection of the hyperphagic effect of
CGS 9896 but increased the sensitivity to detect the anorexic effect of CGS 8216. Only for the intermediate conditions of food
deprivation (16 h) and for a standard or medium palatable diet were both significant hyperphagic effect of CGS 9896 and
anorexic effect of CGS 8216 detected. Neither increased palatability nor hunger enhanced the modulation of feeding, indicat-
ing that neither “taste preference” nor “hunger” is the key factor in the mechanism of BDZR ligand-induced feeding response.
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IT IS KNOWN that benzodiazepine receptor (BDZR) agonists
such as flunitrazepam (16), chlordiaxepoxide (19), clona-
zepam (4), and midazolam (7) increase food intake. By con-
trast, other BDZR ligands such as CGS 8216 (17) and 8-
carbolines (8) are anorexic and are inverse agonists at this
endpoint. Ro 15-1788 is a BDZR antagonist that has no intrin-
sic effect on food intake but blocks the effects of both agonists
and inverse agonists (2,14,16). Because BDZR agonists are
clinically useful as anxiolytics, it has been proposed that the
hyperphagic effect is a consequence of anxiolysis and anorexia
is a consequence of the anxiogenic or proconvulsant properties
of BDZR inverse agonists (21,25). The effect of CGS 9896, a
high-affinity BDZR ligand, on food consumption has become
a pivotal and controversial component in evidence for against
this hypothesis. Although most anxiolytic BDZR ligands also
enhanced food intake, CGS 9896, a known nonsedative, po-
tent anxiolytic, was shown in some studies to be an exception,
causing no effect on the ingestion of a highly palatable diet in
nondeprived rats (11,14) and dose-dependently reversing the
hyperphagic effect of clonazepam (14). Therefore, CGS 9896
was cited as providing evidence of the separation of the anxio-

lytic and hyperphagic effects of BDZR ligands (5,6,14). In
contradiction to this result, in a study using different proto-
cols in which rats were subjected to 16-h food deprivation and
fed a standard diet sweetened with 15% sucrose, we have
found that CGS 9896 increased food consumption and that
this effect was reversed by Ro 15-1788 (16). This hyperphagic
effect of CGS 9896 in rats has also been demonstrated in other
laboratories using trained and food-deprived rats (22). The
origin of the striking qualitative differences in these results,
finding of antagonist activity in one and agonist activity in the
others, could be the use of different protocols.

In this study, we have systematically investigated the effect
of different protocols on modulation of food intake by CGS
9896 and CGS 8216. Specifically, we investigated the effect of
two factors, changes in food palatability and duration of food
deprivation, on food consumption. CGS 8216 was included in
this study as a comparison because it has been reported to be
both anxiogenic and to decrease food consumption (14).

Although the effects of food deprivation, diet texture, and
palatability have been investigated in previous studies of the
mechanism of BDZR ligand-induced feeding response, we be-
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lieved that the conclusions reached in these studies (3,26)
might not be universally applicable, because in those studies,
only “potent” BDZR agonists such as diazepam, chlordiaze-
poxide, or flunitrazepam were examined. For example, neither
hungry nor food-satiated condition was found to affect the
hyperphagic effect of diazepam (26) or chlordiazepoxide (3) in
rats. Moreover, using chlordiazepoxide, the effect of BDZR
ligand was also found not to be sensitive to variation in food
texture (10). There is no evidence that these same conclusions
would be reached when a less potent or behaviorally selective
agonist, such as CGS 9896 (16), or an inverse agonist, such as
CGS 8216, is tested under these varied experimental condi-
tions.

In summary, the result of this study should extend the
understanding of the mechanism of BDZ-induced feeding re-
sponse. Another motivation for the work presented here was
to identify the origin of the disparity in the results for CGS
9896 reported by different investigators by determining to
what extent the results obtained are dependent on the proto-
cols used. The result of present study should help to define a
protocol that is able to detect both the anorexic and hyper-
phagic effects of BDZs regardless of the potency of the drug
effect on this endpoint.

METHOD
Animals

Long Evans hooded male rats (Charles River, Wilmington,
MA) weighing 300-500 g, housed in groups of two, and main-
tained on a 12L : 12D reverse cycle (lights off at 1100 h) were
used in this study. The housing condition was maintained at
22°C and humidity was 50-70%. All the animals used were
adapted to the housing conditions and reversed light/dark
cycle for at least 3 weeks prior to the experiment. Water and
standard rat chow were available at all times.

Drugs

CGS 9896 and CGS 8216 were provided by Ciba-Geigy
(Summit, NJ). Drugs were stirred overnight in 40% w/v En-
capsin HPB (Amaizo, Hammond, IN) and deionized water,
and then administered IP as a suspension.

Diets

Three test diets were used in this study. The standard rat
chow on which rats were maintained was purchased from Pur-
ina Mill (diet #5012) and considered to have the lowest palat-
ability. The diet used in Experiment 1, and considered to be of
medium palatability, was made from the standard diet sweet-
ened with 15% sucrose (Purina Mill, special mix 5729-D).
The highly palatable diet was made according to previously
reported specifications (11,14) and contained 300 ml of sweet-
ened condensed milk, 900 g of ground standard rat diet (Pur-
ina diet #5012), and 1200 ml of distilled water. Each diet was
freshly prepared the day before the experiment and stored at
4°C until used.

Experimental Protocol

Rats with similar weights were used and randomly assigned
to one of the groups. All experiments were started between
1100 and 1200 h. Animals were trained to acclimatize to the
experimental procedures in a sham experiment conducted on
the day before the test day. In both the sham and actual
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experiments the same procedures were used, including the
fasting protocol and testing diet. Before the administration of
the test drugs, animals were transferred to individual test cages
in a dark testing room illuminated with a 40-W red light bulb
and allowed to acclimatize for 1 h. Thirty minutes after the
injection of the drug, a preweighed plastic dish containing
about 40 g of test diet was placed inside the test cages. In the
sham experiment, food was introduced right after the acclima-
tization period, excluding the drug injection procedure. The
duration of the test feeding period was 60 min, and during this
time, only the test diet was available. At the termination of
the test, animals were returned to their home cage and the cup
with the remaining food was weighed. The amount of food
consumed was determined as the difference between the
weight of the content and cup before and after test. This
weight difference was determined to the nearest 0.1 g, with
correction for spillage.

The dose-response curve for the CGS 9896 and CGS 8216
effect on food consumption was determined using a previously
described protocol (16) in which the experiment was con-
ducted after 16 h of food deprivation with the medium palat-
able diet described above. Eight to 10 rats in each group were
given CGS 9896 at doses of 0, 0.1, 1, 5, or 10 mg/kg. CGS
8216 was given at doses of 0, 0.1, 0.5, 1, 5, 10, or 20 mg/kg.

In the second experiment, a single dose, 5 mg/kg of CGS
9896 or 20 mg/kg of CGS 8216, was administered using three
different diets and periods of food deprivation. Rats were
randomly given vehicle, CGS 8216, or CGS 9896, fasted for 0,
16, or 24 h, and each of the three test diets was given one at a
time. Between tests, animals were returned to the maintenance
diet for 1 week, and then the test was conducted using the next
diet with the same rats.

Statistical Analysis

The food consumption data were analyzed by factorial
ANOVA using the STATVIEW® program. Dunnett’s f-test
was used to assess the effects of different treatment by com-
parison of individual treatments with corresponding vehicle
control group.

RESULTS

As illustrated in Fig. 1, food consumption was dose depen-
dently increased by CGS 9896, F(4, 52) = 10.565, p < 0.001,
and decreased by CGS 8216, F(6, 55) = 6.534, p < 0.0001,
in rats deprived food for 16 h and fed 15% sucrose-added
diet. CGS 9896 at 5 and 10 mg/kg caused an increase (p <
0.001) of about 50% over the amount of food consumed by
control animals. CGS 8216 at 5, 10, and 20 mg/kg (p <
0.001) significantly reduced food intake. No significant behav-
jioral change was observed in rats treated with CGS 8216 or
CGS 9896, although some rats treated with > 10 mg/kg of
CGS 8216 produced soft stool.

Results of the three-factor ANOVA on food consumption
from Experiment 2 showed that both diet, F(4, 135) =
10.631, p < 0.001, and food deprivation, F(4, 135) = 3.994,
p < 0.05, interacted with the effect of the drug. However,
there was no three-way interaction among diet, food depriva-
tion, or drug treatment, F(8, 135) = 1.603, p = 0.1294.

Results separated by different diet are shown in Fig. 2. The
amount of food consumption using standard rat diet for the
three different intervals of food deprivation are shown in Fig.
2a. We see from Fig. 2a that the effect of both CGS 9896 and
CGS 8216 on food intake depended on the fasting interval.
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FIG. 1. Average amount of medium palatable diet consumed in 60
min by rats deprived food for 16 h prior to administration of CGS
8216 (open circle) and CGS 9896 (closed circle). Data expressed as
mean + SEM. Statistical comparisons were between vehicle-treated
and drug-treated groups. **p < 0.001 (Dunnett’s f-test).

CGS 9896 increased food consumption in nondeprived and
16-h deprived rats but not in those experiencing 24-h depriva-
tion. CGS 8216 reduced food consumption in 16- and 24-h
deprived rats but not in nondeprived rats. The same pattern
of modulation was observed when the medium palatable diet
was tested (Fig. 2b), although rats tended to eat more when
compared to the standard diet group. However, in the third
set of results shown in Fig. 2c, in rats fed the highly palatable
diet, CGS 9896 increased food consumption only in the non-
deprived group whereas the anorectic effect of CGS 8216 was
only observed in the 16- and 24-h food deprivation groups.

DISCUSSION

The present results fail to support the hypothesis that CGS
9896 can separate the anxiolytic and hyperphagic effect of
BDZs because CGS 9896 clearly increased low and medium
palatable diet intake in rats that were not deprived or deprived
for 16 h. Because CGS 9896 has been reported to somewhat
reduce locomotion activity (16), the hyperphagic effect was
not as robust at the highest dose (10 mg/kg) used in the dose-
response study. The same inconsistent result at high doses was
also observed in a previous study (22). This reduced efficacy
at high doses of CGS 9896 could explain why it might act as an
apparent antagonist at these doses of the hyperphagic effect of
clonazepam (14,15).

The second experiment in this study demonstrated that
food deprivation and palatability affected the hyperphagic ef-
fect of CGS 9896. CGS 9896 increased consumption of all
three diets in nondeprived rats. After a 16-h food deprivation,
the hyperphagic effect of CGS 9896 was only observed in rats
given standard or medium palatable diets, but not in rats fed
the highly palatable diet. After 24 h of food deprivation, CGS
9896-induced hyperphagia completely disappeared, regardless
of the palatability of the test diets.

Although our results clearly indicate that CGS 9896 in-
creases consumption of all diets in nondeprived rats, other
studies (7,11,14,27) have concluded that CGS 9896 is an an-
tagonist using a similar highly palatable diet and nondeprived
rats. The reason for this disparity lies in an important differ-
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FIG. 2. Average amount of food consumed in 60 min by rats de-
prived of food for 0, 16, or 24 h prior to administration of vehicle, 5
mg/kg of CGS 9896, or 20 mg/kg of CGS 8216. (a) Result of rats fed
the standard rat chow; (b) rats fed the medium palatable diet; (c)
rats fed the highly palatable diet. Data expressed as mean + SEM.
Statistical comparisons were between vehicle-treated and drug-treated
groups. *p < 0.05, **p < 0.001 (Dunnett’s #-test).
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ence in the treatment of the nondeprived rats in the previous
studies and in the one used here. In the previous studies, the
nondeprived rats were trained for at least 10 days to the daily
30-min presentation of the highly palatable diet. The drug
trials were begun only after the daily consumption of highly
palatable diet was stable (7,11,14,27). This complicating fea-
ture of acclimatization to the highly palatable diet before the
actual experiment is not included in our study. We believe
that due to this extensive training, these rats might deprive
themselves of “plain” regular rat chow with the expectation of
the more palatable diet before the experiment. Further evi-
dence that these animals are hungry at the beginning of the
experiment is that the baseline food consumption in the vehi-
cle-treated rats was about 20 g in 30 min in those studies,
approximately 400% higher than the nondeprived, vehicle-
treated rats given a similar diet for 1 h in the present study. As
we have mentioned previously, the hyperphagic effect of CGS
9896 in hungry rats was not as robust as in nondeprived rats.
Thus, if indeed the rats in the previous experiment were actu-
ally hungry, the results found in the two experiments are con-
sistent (5,6,14). The results obtained here clearly indicate that
using nondeprived or 16-h deprived rats and standard or me-
dium palatable diet, protocols resulting in a low to medium
baseline food consumption, enabled the unambiguous detec-
tion of the hyperphagic effect of CGS 9896.

Regardless of diet palatability, the anorexic effect of CGS
8216 could only be found under food-deprived conditions.
These results indicate that the effect of BDZR ligands on food
intake can be modulated by food deprivation. We proved here
that using an inverse agonist such as CGS 8216, the conclusion
can be different from using only “potent” BDZR agonists
(3,26) that showed no effect of food deprivation. However,
without food deprivation, the control animals consumed only
a small amount of food and produced a low baseline, which
might account for the difficulty in detecting a significant de-
crease.

Several hypotheses have been advanced to explain the
mechanism of BDZR ligand-induced hyperphagia. One idea is
that the hyperphagic effect of BDZR agonists is a secondary
effect of their anxiolytic action. Consistent with this idea is
the fact that no anxiogenic BDZs have been found to be hyper-
phagic. In addition, BDZR ligand-treated animals also have a
higher frequency of visiting food cups (5) and spend more
time eating (26) than animals treated with vehicle. Some stud-
ies have shown a good correlation between antianxiety and
hyperphagia of BDZR ligands (5,6,24). There are, however,
counter indications to this hypothesis (23,25). For example,
the feeding response to BDZR ligands was found to be similar
in animals exposed either to novel food or environments or to
familiar food or environment (12). Because novelty usually
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induces anxiety, these results (12) indicate that the hyper-
phagic effect of BDZR ligands cannot be solely related to
their antianxiety action. A second hypothesis is that, because
BDZR ligands increases food intake in satiated animals
(5,6,26), BDZR ligands might act to reduce the meal-
terminating signals or increase the hunger perceived by these
animals. Using rats with gastric fistula, a condition that elimi-
nated the meal-terminating cues, midazolam (13) increased
food intake whereas CGS 8216 (20) and FG 7142 (13) de-
creased it. Therefore, modulation of hunger signals does not
change the effect of BDZR ligands, indicating that they might
not work by modulating this signal (6,13). The third hypothe-
sized mechanism of the effect of BDZR ligands on food intake
is that BDZR ligands modify taste-related palatability; that is,
the “taste preference” hypothesis (5,6). Using a multiple-food
(15) or multiple-bottle type presentation (8,9,17), BDZ ago-
nists have been shown to increase the proportion of palatable
diet intake but not to affect the intake of standard and aver-
sive diets. However, some studies have shown that BDZ in-
creased the reaction to the aversive taste, and the results were
opposite to “taste preference” hypothesis (18). In this study,
we have shown that the hyperphagic effect of CGS 9896 was
more robust in nondeprived rats given less palatable diet and
was less consistent in food-deprived rats given a highly palat-
able diet. These results indicate that neither increase in hunger
or in food palatability increases the sensitivity of the feeding
response to BDZ. Therefore, food palatability and hunger do
not appear to be key factors in the BDZR ligand-induced
feeding response.

In conclusion, we found that when rats are subjected to a
highly palatable diet and extended periods of food depriva-
tion, hyperphagic effects of BDZR ligands are not easily ob-
servable. A less palatable diet with no periods of food depriva-
tion, on the other hand, made detection of the anorexic effect
difficult. Therefore, using intermediate palatable diet and
food deprivation periods to maintain moderate basal con-
sumption may be an efficient way to detect both hyperphagic
and anorexic effects of BDZs in the same test. The results of
this study also indicated that neither “taste preference” nor
“hunger” is a key factor for the mechanism of BDZ-induced
hyperphagia and anorexia because further increase in the food
deprivation period and the palatability of the diet did not
increase the sensitivity of the feeding response to BDZ. Benzo-
diazepines appear to affect food intake simply by modifying
the amount of food consumed during the testing period.
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