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RACOTTA, 1. S., J. LEBLANC AND D. RICHARD. The effect of caffeine on food intake in rats: Involvement of
corticotropin-releasing factor and the sympatho-adrenal system. PHARMACOL BIOCHEM BEHAYV 48(4) 887-892,
1994, —The involvement of CRH and the sympatho-adrenal system in the effects of caffeine on food intake and body weight
gain has been investigated in rats. Food intake and body weight gain were measured in male rats after the treatment with
caffeine in combination with either an injection of the CRH antagonist a-helical CRH_,,, a surgical adrenal demedullation
(medullectomy), or a ganglionic blockade. Alpha-helical CRHy_,, was injected in the lateral ventricle of the brain and
hexamethonium was used to chemically block the ganglionic transmission. From 4 to 24 h following a caffeine injection,
spontaneous food intake, which was cumulated from the time caffeine was injected, was significantly (p < 0.01) lower in
caffeine- than in saline-treated rats. In food-deprived rats, the anorectic effect of caffeine was biphasic, being significant at
0.5 and 1 h after the caffeine administration, then vanishing for 3 h, and becoming significant again 6 h after the caffeine
administration. In both the spontaneously fed and food-deprived rats, caffeine reduced the rate of weight gain, which was
measured at the end of a 12- or a 24-h period following the caffeine injection. A significant (p < 0.05) interaction effect of
caffeine and o-helical- CRH 4;, was found on the cumulative food intake at 1, 6, and 8 h, and on the amount of food eaten
between the 4-6-h interval following the injection of caffeine; the effects of caffeine on food intake and body weight gain
seem largely prevented by the use of a CRH antagonist. Neither the medullectomy nor the ganglionic blockade attenuated the
effect of caffeine on food intake. There was, in fact, no interaction effect of either caffeine and medullectomy or caffeine and
hexamethonium on postcaffeine food intake and body weight gain. The present results do not support a role for the
sympatho-adrenal system in the effects of caffeine on food intake and body weight. This study, together with providing
evidence for a central CRH-mediated anorectic action of caffeine, further emphasizes the role of CRH in the control of food
intake.
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THE effects of caffeine on food intake have only scantily been
addressed but there is indication that caffeine may suppress
food intake. Indirect evidence supporting an anorectic role of
caffeine arose from the suggestion that 75% of the weight loss
following administration of caffeine and ephedrine was due to
the effect of such a mixture on food intake (1,2). More direct
support for the anorectic effect of caffeine had been provided
by Tremblay and co-workers (23), who observed an acute re-
duction of 22% in spontaneous feeding in men treated with
caffeine. Finally, caffeine had also been reported to produce
symptoms of anorexia in patients with anxiety disorders (5).

' To whom requests for reprints should be addressed.

887

The mechanisms governing the potential anorectic effects
of caffeine have not been investigated and, in that respect, the
present study was designed to assess the potential roles of
corticotropin-releasing factor (CRH) and of the sympatho-
adrenal system in the anorectic effect of caffeine on food
intake. CRH (8,16) and peripheral catecholamines (20,21) are
significant anorectic agents, whose secretions are likely
enhanced by caffeine (3,10,13,15,17). In addition, the hypoth-
esis that caffeine might affect food intake via successively
stimulating CRH neural activity and adrenal catecholamines
secretion warranted verification prior to designing this study,
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as CRH has been claimed to act through the sympatho-adrenal
system to decrease food intake (4,9). In a first series of experi-
ments, the effects of caffeine on food intake were character-
ized in rats. In a second series, the potential involvement of
CRH was evaluated by treating rats with the CRH antagonist
a-helical-CRH .y, prior to an injection of caffeine. In a third
series, the implication of the sympatho-adrenal system in the
anorectic effects of caffeine was assessed by testing the effects
of caffeine in rats after adrenal demedullation (medullectomy)
and ganglionic blockade. The latter series of experiments was
based on the observation that caffeine by stimulating the sym-
pathoadrenal system may suppress food intake through some
peripheral metabolic actions of adrenaline and noradrenaline
(20,21).

METHOD

Animals and Food Intake Measurements

Male Wistar rats weighing approximately 300 g were pur-
chased from the Canadian Breeding Laboratories (St-
Constant, Canada). All rats were cared and handled in confor-
mance with the Canadian Guide for the Care and Use of
Laboratory Animals, which is approved by the Natural Sci-
ences and Engineering Research Council of Canada. Upon
their arrival in our laboratory, the rats were housed singly in
wire-bottom cages suspended above absorbent paper. They
were maintained under controlled temperature (23 + 1°C),
on a 12L : 12D cycle, the lights being turned off between 0900
and 2100 h. Tap water and stock diet (Purina Chow # 5001)
were available ad lib.

Experimental Procedures

Food intake measurements. In each of the experiments de-
scribed below, food intake was measured at various time
points following a caffeine injection. More specifically, food
intake measurements were carried out at 0.5, 1.0, 2.0, 3.0,
4.0, 6.0, 12.0, and 24.0 h after the caffeine administration,
which occurred 15 min prior the onset of the dark period.
Except for the first series of experiments, in which food intake
measurements were performed in ad lib fed (spontaneously
fed), food intake measurements were done in rats deprived of
food for 12 h before the injection of caffeine. Caffeine (Re-
search Biochemicals Incorporated, Natick, MA) was dissolved
in sterile saline and injected intraperitoneally (IP) at a dose of
50 mg/kg (17) in a volume of 2.5 ml/kg. Depending on the
series of experiments carried out, numbers of 8 to 12 rats were
used in each experiment. Food intake measurements were car-
ried out as follows. Feeders filled with powdered stock diet,
were weighed, temporarily fixed inside cages, and removed
and weighed when required. When perceptible, food spilled
on the absorbent paper, above which the cages were sus-
pended, was collected and accounted for. To minimize food
spillage, a wire-mesh, which did not prevent rats from nor-
mally eating, was set up inside the feeder, on the top of the
powdered stock diet. At the time each series of experiment
began, rats had been accustomed, for at least a week, to the
feeders, to the powdered diet, to the frequent removal of the
feeders and to being weighed. During the dark phase of the
cycle, food intake determinations were carried out under par-
tial darkness. The room door was left slightly opened to allow
a minimum of light for the determination.
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Spontaneous feeding vs. food deprivation. In a first series
of experiments, the effects of caffeine on food intake was
assessed in spontaneously fed and food-deprived groups of
rats. Following the caffeine injection, food intake measure-
ments were carried out over a 24-h period at the time points
enumerated above.

Caffeine and a-Helical-CRH 4y ,;,. In this series of experi-
ments, ten rats were first anesthetized (IP injection) with 3
ml/kg of a mixture of ketamine (20 mg/ml) and xylazine (2.5
mg/ml) and then stereotaxically implanted with a permanent
guide cannula (Plastics One, Roanoke, VA) aimed at the right
lateral ventricle of the brain. Following a 2-week recovery
period from surgery, each rat received, at 3-day intervals, the
four following treatments: intracerebroventricular (ICV) in-
jection of saline with IP injection of saline, ICV injection of
saline with IP injection of caffeine, ICV injection of -helical-
CRHg 4, with IP injection of saline, and ICV injection of
a-helical-CRHg ;) with IP injection of caffeine. All rats did
not receive the treatments in the same order. Food intake was
measured in food-deprived rats as described above.

Alpha-helical-CRH.4;y (1 mg) was added to 185 ul of ster-
ile saline to which was added 15 ul of NaOH (1 N) to render
the compound soluble. It was injected at a dose of 25 ug/rat
in a volume of 5 ul 15 min prior to the IP injection of caffeine
or saline. Alpha-helical-CRH,,.,;, was kindly provided by J.
Rivier from the Salk Institute, LaJolla, CA. Two-way re-
peated measures ANOVA was used to determine the main and
interaction effects of caffeine and o-helical-CRH 4, on food
intake and body weight measurements (11).

Caffeine and medullectomy. In this series of experiments,
24 rats were either bilaterally adrenal medullectomized (n =
12) or sham operated (n = 12). The medullectomies were sur-
gically achieved under halothane anesthesia. Following a 7-
day period of recovery, all animals from both medullectom-
ized and sham-operated groups of rats were subjected, in a
different order, to both the caffeine and the saline injection.
Viability of the medullectomy was verified by the determina-
tion of the catecholamine (CA) contents of the adrenal gland
at the end of the experiment. Tissue CA contents were assessed
by HPLC with electrochemical detection (18). Rats with an
adrenal CA content exceeding 5% of the total content found
in sham-operated rats were discarded; on this basis, 4 out of
12 medullectomized rats were eliminated. Two-way ANOVA
for repeated and independent measures were used to deter-
mine the main and interaction effect of caffeine (repeated
measure) and medullectomy (independent measure) on food
intake and body weight measurements (11).

Caffeine and ganglionic blockade. In this series of experi-
ments, the effects of caffeine were assessed in a group of
12 rats treated with either 15 mg/kg (4) of hexamethonium
(Research Biochemicals Incorporated, Natick, MA) or saline
prior to the injection of caffeine. Hexamethonium was dis-
solved in sterile saline in a volume of 1 ml/kg. The injections
took place 90 min before the IP injection of caffeine or saline.
Each rat received the four following treatments at 3-day inter-
vals: IP injection of saline with IP injection of saline, IP
injection of saline with IP injection of caffeine, IP injection
of hexamethonium with IP injection of saline, and IP injec-
tion of hexamethonium with IP injection of caffeine. All rats
did not receive the treatments in the same order. Food intake
was measured in food-deprived rats as described above. Two-
way repeated measures ANOVA was used to determine the
main and interaction effect of caffeine and hexamethonium
on food intake and body weight measurements (11).
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RESULTS

Spontaneous Feeding vs. Food Deprivation

From 4 to 24 h following the caffeine injection, spontane-
ous food intake, which was cumulated from the time of caf-
feine injection, was significantly (p < 0.01) lower in caffeine-
than in saline-treated rats (Fig. 1, panel A). The body weight
gain of the spontaneously fed rats, which was measured at the
end of the 12- and 24-h periods following the caffeine injec-
tion (Fig. 1, panel C), was also lower in caffeine- than in
saline-treated rats (p < 0.05). In food-deprived rats, the low-
ering effect (p < 0.05) of caffeine on food intake was appar-
ent at 0.5 and 1 h after the caffeine administration (Fig. 1,

SPONTANEOUSLY-FED
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panel B), then vanished for 3 h, and became significant again
6 h from the time caffeine was administered. Body weight gain
of food-deprived rats was significantly (p < 0.05) lower in
caffeine- than in saline-injected rats at the end of the 12- and
24-h periods following the caffeine injection (Fig. 1, panel D).

Caffeine and a-Helical-CRH 4 ),

Figure 2 illustrates the respective and interactive influence
of a-helical-CRHy ;) and caffeine on food intake and body
weight gain in food-deprived rats. A main effect (p < 0.05)
of caffeine on cumulative food intake was observed at 0.5 and
24 h following the caffeine injection (panel A). A similar ef-
fect of caffeine (p < 0.05) was observed on food intake dur-
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FIG. 1. Effect of caffeine on food intake (panel A and B) and body weight gain (panel C and D) in
spontaneously fed (panel A and C) and food-deprived rats (panel B and D) (see the Method and
Results sections for further details). Asterisks indicate the presence of significant differences between
groups at the probability levels of 95 (*) or 99 (**) percent.
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FIG. 2. Respective and interactive effects of caffeine and a-helical
CRHg_y) on cumulated (panel A) and noncumulated (panel B) food
intake, and on body weight gain (panel C) in food-deprived rats (see
the Method and Results sections for further details). Asterisks and
daggers reveal significant main effects of caffeine and a-helical
CRH_y,), respectively, at the probability levels of 95 (*1) or 99 (**11)
percent. The reference mark § reveal significant caffeine-c-helical
CRHy.y;, interactions at the probability levels of 95 (§) or 99 (§§)

percent.

ing the time intervals 0-0.5, 2-4, and 6-8 h following the
injection of caffeine (panel B). A main effect (p < 0.05) of
the a-helical-CRH_y;, was observed on the cumulative food
intake at 1, 4, 6, 8, 10, 12, and 24 h (panel A) and on the
4-6-h interval (panel B) following the caffeine injection. A
significant (p < 0.05) interaction effect of caffeine and o-
helical-CRHg_,;, was found on the cumulative food intake at
1, 6, and 8 h (panel A) and at the interval 4-6 h (panel B). In
this series of experiments, caffeine and a-helical-CRHg 4, did
not exert any significant effect on the body weight gain dur-
ing the 12- and 24-h periods following the caffeine injection
(panel C).
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Caffeine and Medullectomy

As shown in Fig. 3, there was no interaction effect of caf-
feine and medullectomy on food intake and body weight gain.
The results expressed on Fig. 3 confirmed the anorectic and
body weight-lowering effects of caffeine in food-deprived
rats. In fact, caffeine reduced food intake during various time
intervals following the caffeine injection (panel B) and blunted
the body weight gain during the 12- and 24-h periods following
the caffeine injection (panel C). Four hours following caffeine
injection, medullectomized animals had a reduced cumulative
food intake (panel A), which was accounted for by a smaller
food intake between 2 and 4 h after the caffeine injection
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FIG. 3. Respective and interactive effects of caffeine and medullec-
tomy on cumulated (panel A) and noncumulated (panel B) food in-
take, and on body weight gain (pane! C) in food-deprived rats (see the
Method and Results sections for further details). Asterisks and dag-
gers reveal significant main effects of caffeine and medullectomy,
respectively, at the probability levels of 95 (*1) or 99 (**11) percent.
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FIG. 4. Respective and interactive effects of caffeine and hexameth-
onium on cumulated (panel A) and noncumulated (panel B) food
intake, and on body weight gain (panel C) in food-deprived rats (see
the Method and Results sections for further details). Asterisks reveal
a significant main effect of caffeine at the probability levels of 95 (*)
or 99 (**) percent.

(panel B). However, because an enhanced intake was observed
in medullectomized animals between 10-12 h, total food in-
take over the 24-h period postcaffeine was not changed by
medullectomy. In addition, medullectomy had no effect on
the body weight gains.

Ganglionic Blockade

Figure 4 depicts the respective and interactive influence of
caffeine and hexamethonium on food intake and body weight
gain in food-deprived rats. This series of experiments con-
firmed the anorectic effect of caffeine on cumulative food
intake at several time points (panel A) and during various time
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intervals after the caffeine administration (panel B). There
was no main effect of hexamethonium and no caffeine-hexa-
methonium interaction effect of food intake and body weight
gains.

DISCUSSION

The present results clearly indicate that caffeine can reduce
food intake and body weight gain in rats, therefore corrobo-
rating previous results obtained in humans (23). Two ap-
proaches were used to establish the anorectic effect of caf-
feine; caffeine was administered in either spontaneously fed
or in food-deprived rats, and both these procedures revealed
the effect of caffeine at various time points following its injec-
tion. The reduction of body weight gain produced by caffeine
appears, at least partly, to be explained by its effect on food
intake. The possibility that caffeine has also affected body
weight by increasing energy expenditure cannot be ruled out,
as caffeine may exert thermogenic actions (7). One intriguing
finding obtained in this study is the two-phase hypophagic
response to caffeine observed in food-deprived rats. In fact in
these rats, the lowering effect (p < 0.05) of caffeine on food
intake was apparent at 0.5 and 1 h after the caffeine adminis-
tration (Fig. 1, panel B), then vanished for 3 h, and became
significant again 6 h from the time caffeine was administered.
On the basis of the present results, this biphasic response can-
not be readily accounted for. However, the observation that
a-helical CRH,g_,;, may prevent only the later anorectic effect
of caffeine suggest that the biphasic effect of caffeine on food
intake involves two distinct mechanisms acting to induce an
immediate and a later anorectic effect.

This study also points out a role for CRH in the effects
of caffeine on food intake and body weight gain. As clearly
illustrated in Fig. 2 and further revealed by the statistically
significant caffeine-a-helical CRH,y 4, interactions, the use of
a CRH antagonist largely prevented the effects of caffeine
on food intake of food-deprived rats. The use of a-helical
CRH;, also blunted the effects of caffeine on the body
weight gain. These results further emphasized the role of CRH
in the control of food intake. Such a role of CRH has been
previously characterized in various situations bringing about
reductions of food intake. CRH neutralization either with an-
tagonists or antibodies has been reported to attenuate the ano-
rectic effects of exercise (19), restraint stress (22), estradiol
(6), serotonin agonists (14), and interleukin 1 (24). It is worth
pointing out that c-helical CRHg 4, did not increase food
intake in rats not receiving caffeine. This observation indicates
that under basal conditions CRH is probably not involved in
control of food intake. This finding does not, however, imply
that the role of CRH is physiologically unsignificant; CRH
has been shown to play a physiological role in the control of
food intake under particular circumstances (19,22).

In contrast with the CRHergic system, the sympatho-
adrenal system does not appear to be involved in the anorectic
effects of caffeine. Experimental interventions such as the ad-
renal demedullation as well as the ganglionic blockade clearly
failed to prevent the effects of caffeine on food intake and
body weight gain. A role for the sympatho-adrenal axis in the
anorectic effect of caffeine was expected on the basis that a
stimulation of the sympatho-adrenal axis is liable of suppress-
ing food intake through peripheral metabolic effects (12,21).
In addition, the involvement of the sympathoadrenal axis in
the effects of caffeine on food intake was worth considering
from the suggestion that the anorectic action of CRH had
been reported to imply the sympatho-adrenal system (4,9).



892

The reasons accounting for the lack of involvement of the
sympatho-adrenal system in the CRH-mediated anorectic ef-
fects of caffeine on food intake remain obscure. It is, how-
ever, plausible that caffeine may lead to CRH effects on food
intake that are independent from the sympatho-adrenal sys-
tem. Endogenous CRH-releasers such as caffeine are suscepti-
ble to lead to more widespread and more persistent CRH ef-
fects on food intake than those induced by a single brain
intracerebroventricular injections of CRH (9). Being widely
distributed throughout the brain CRH may plausibly insure
the control of food intake via populations of neurons not
involved in governing the sympathoadrenal system.

In summary, the present results indicate that caffeine can
reduce food intake and body weight gain in rats. In addition,
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these results, by providing evidence for a CRH-mediated ano-
rectic action of caffeine further emphasized the role of CRH
in the control of food intake. By emphasizing the inability of
both the adrenal demedullation and the ganglionic blockade
to prevent the CRH-mediated effects of caffeine, the present
results provide evidence that the CRH effects on food intake
do not obligatory involve the sympatho-adrenal system.
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