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are controversial in the literature, while stress and obesity are growing problems
in our society. Since many stressed people are coffee drinkers, the objective of the present study was to
evaluate the effect of stress and chronic administration of caffeine on feeding behavior and body weight in
male and female rats. Wistar rats (both males and females) were divided into 3 groups: control (receiving
water), caffeine 0.3 g/L and caffeine 1.0 g/L (in the drinking water). These groups were subdivided into non-
stressed and stressed (repeated-restraint stress for 40 days). During the entire treatment, chow consumption
was monitored and rats were weighed monthly. Afterwards, feeding behavior was evaluated during 3-min
trials in food-deprived and ad libitum fed animals and also in repeated exposures, using palatable food (Froot
Loops® and Cheetos®). Chronic administration of caffeine did not affect rat chow consumption or body
weight gain, but diminished the consumption of both salty (Cheetos®) and sweet (Froot Loops®) palatable
food. In the repeated trial tests, stress diminished savory snack consumption in the later exposures [I.S.
Racotta, J. Leblanc, D. Richard The effect of caffeine on food intake in rats: involvement of corticotropin-
releasing factor and the sympatho-adrenal system. Pharmacol Biochem Behav. 1994, 48:887–892; S.D. Comer,
M. Haney, R.W. Foltin, M.W. Fischman Effects of caffeine withdrawal on humans living in a residential
laboratory. Exp Clin Psychopharmacol. 1997, 5:399–403; A. Jessen, B. Buemann, S. Toubro, I.M. Skovgaard, A.
Astrup The appetite-suppressant effect of nicotine is enhanced by caffeine. Diab Ob Metab. 2005, 7:327–333;
J.M. Carney Effects of caffeine, theophylline and theobromine on scheduled controlled responding in rats. Br J
Pharmacol. 1982, 75:451–454] and caffeine diminished consumption of both palatable foods (savory and
sweet) during the early and later exposures. Most responses to caffeine were stronger in females, and stress
exposure influenced the effect. Neither chronic caffeine nor stress affected adrenal weight and plasma
corticosterone levels of the rats. These observations suggest that chronic caffeine consumption may have sex-
specific effects on palatable food ingestion.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Caffeine is the most widely consumed behaviorally active sub-
stance in the world. Almost all caffeine consumed comes from dietary
sources (beverages and food), most of it from coffee and tea [1]. The
central effects of caffeine at consumed doses are due to the blockade of
adenosine A1 and A2 receptors. These receptors arewidely distributed
through the brain, adenosine A1 receptors being present mostly in
cortical layers, hippocampus and striatum, and A2a receptors being
co-localized with DA receptors in the striatum [2,3].

The anorectic affect of caffeine is controversial. Many central
stimulants reduce the appetite, via mechanisms that are incompletely
understood. Caffeine appears to have a small reducing effect on caloric
intake [4–6]. Acute caffeine administration may exert a slight ano-
rectic effect in men [4], and reintroduction of caffeine after a period of
55 51 33085540.
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abstinence in regular coffee consumers was found to reduce daily
energy intake by decreasing the number of meals [7]. Additionally,
caffeine disrupts operant responding in rats trained to press levers for
food rewards, and tolerance develops to this effect [8]. However, it is
not clear if this effect is due to altered cognition or motivation to eat,
since the motivating stimulus used was food. This effect on operant
conditioning is similar to, although less marked than, that observed
after amphetamine [9]. It is possible that the decreased caloric intake
might be an effect of acute rather than long-term caffeine use [1].
In addition, most of these studies concerning caffeine and food
consumption were performed using standard rat chow.

Feeding control may be altered by different factors, such as
biological status, available nutrients, and stress [10]. Additionally,
previous studies from our laboratory have shown that repeated-
restraint stress in adult rats leads to a greater ingestion of sweet food
[11], which is reversed by acute diazepam administration before the
test session, in a dose that does not affect feeding by itself [11], and by
chronic administration of midazolam [12]. Although several studies
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Fig. 1. Weight gain during eleven weeks of treatment for male and female chronically-
stressed rats receiving caffeine. Data are expressed as means±SEM of the weight gain in
grams. ⁎Different from respective sex-control group (non-stress, non-caffeine) and
#different from stress, non-caffeine group (Pb0.05, Duncan multiple range test).
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have been carried out with regard to how exposure to stress may
affect food consumption, possible interactions between stress and
caffeine on feeding behavior have not been studied.

Several sources of data indicate that behavioral and physiological
responses to stress are sexually dimorphic, including alterations in
feeding behavior [11,13–15]. In humans, women are more sensitive to
disturbances in feeding behavior than men [16,17]. These considera-
tions emphasize the importance of studying stress effects on feeding
behavior in both sexes.
Fig. 2. Consumption and latency to eat a palatable sweet food (Froot Loops®) during the hab
receiving caffeine. Data are expressed as the mean of the number of Froot Loops® consumed
and #different from stress, non-caffeine group (Pb0.05, Duncan multiple range test).
Since obesity is a growing problem in our society and caffeine is
widely consumed, the main objective of this study is to investigate the
effect of chronic administration of caffeine on feeding behavior ofmale
and female rats, subjected or not to chronic stress. Therefore, we
evaluated the consumption of rat chow, sweet and savory snacks, as
well as body weight in rats subjected to chronic stress and receiving
caffeine, compared to their controls, and compared the effects ob-
served in both sexes.

2. Materials and methods

2.1. Animals

For the present study, we used 58 adult male (7–13 per group) and 48
adult female (8 per group)Wistar rats (60 days of age at the beginning of
the treatment), weighing 250–300 g (males) and 150–200 g (females).
The animals were divided into 3 groups: control (receiving water),
caffeine 0.3 g/L and caffeine 1.0 g/L (in the drinking water). These groups
were subdivided intonon-stressedand stressed (repeated-restraint stress
for 40 days). The experimentally naive animals were housed in groups of
three to five throughout the study, in home cages made of Plexiglas
material (65×25×15 cm)with thefloor coveredwith sawdust. Theywere
maintained under a standard dark–light cycle (lights on between 7:00
and 19:00 h), at a room temperature of 22±2 °C. The rats had free access
to food (standard rat chow) and water (or caffeine solution, see below),
except for the stressed group, during the periodwhen restraint stresswas
applied. All animal treatments were in accordance with the institutional
guidelines and according to the recommendations of the International
Council for Laboratory Animal Science (ICLAS), and all efforts were made
tominimize animal suffering, aswell as to reduce the number of animals.
ituation sessions (under food restriction) for male and female chronically-stressed rats
and mean latency in seconds. ⁎Different from control group (non-stress, non-caffeine)



Fig. 3. Consumption and latency to start eating the palatable sweet food during the test
session (with animals previously fed ad libitum) for male and female chronically-
stressed rats receiving caffeine. Data are expressed as mean±SEM. ⁎Different from
respective sex-control group (non-stress, non-caffeine) and #different from stress, non-
caffeine group (Pb0.05, Duncan multiple range test).
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2.2. Stress model

Restraint was carried out by placing the animal in a 25×7-cm
plastic tube, and adjusting it with plaster tape on the outside, so that
the animalwas unable tomove. Therewas a 1-cmhole at the far end for
breathing. The animals in the stressed groups were subjected to this
procedure for 1 h/day, 5 days aweek, for 40 days. After this period, they
were habituated to the behavioral apparatus (see below, in task to new
foods) and tested for food consumption. During the habituationperiod,
which could last for 4 to 6 days (see below), restraint stress was
maintained, and animals were stressed 1 h after the behavioral
procedures. Control animals were weighed once a month.

2.3. Caffeine administration and rat chow consumption

Caffeine at doses of 0.3 and 1.0 g/L was administered in the
drinking water as the only source of water during 40 days [1]. During
the behavioral tests, animals continued receiving caffeine treatment.
Control animals received tap water. The volume of water and caffeine
solution consumed was measured each 48 h and replaced by a fresh
one. Rat chow consumption was measured per cage and then divided
by the number of animals per cage to determine mean consumption
per animal. In the statistical analysis of amount of rat chow consumed,
n represents the number of cages.

2.4. Habituation to the new foods

Starting on day 41 of stress and/or caffeine treatment, rats were
habituated to a novel environment containing new foods. During this
period, they were placed in a lightened rectangular box
(40 cm×15 cm×20 cm) with floor and side walls made of wood and
a glass ceiling. Ten Froot Loops® (Kellogg's® — pellets of wheat,
cornstarch and sucrose) were placed in one extremity of the box. The
animalswerehabituated to this environment during 5 days, 3min each
day, under food restriction (receiving about 80% of habitual ingestion
of standard lab chow). After the last habituation session, the animals
were fed ad libitum and were exposed to a 3-min test session, 24 h
later. Time spent until the initiation of eating and the number of
ingested Froot Loops® were evaluated in each trial and in the test
session. A protocolwas established so thatwhen the animals ate part of
the Froot Loops® (e.g., 1/3 or 1/4), this fraction was considered. For
savory snack ingestion, five Cheetos® (Elma Cheeps — pellets of corn
meal, cheese, and salt) were placed in the same apparatus. Habituation
was established in 3 days because rats were already familiar with the
environment, and testing was performed in the same manner as
described above [18].

2.5. Repeated food intake to address satiety

One day after the test session described above, the animals were
submitted to eight exposures to the box for evaluation of the number
of Froot Loops® or Cheetos® eaten. After 3 min in the box, where they
could eat the palatable food, rats were placed in a separate box for
30 s, then again in the box for the feeding evaluation; this cycle was
repeated 8 times (total time: 28 min). This procedure was performed
with the animals in the fed state. A protocol was established so that
when the animals ate part of the Froot Loops® or Cheetos® (e.g., 1/3 or
1/4), this fraction was included. The test using each kind of food was
performed on separated days [18].

2.6. Blood collection and adrenal dissection

One week after the last behavioral procedure, animals were killed
between 12:00 and 14:00 h, and the trunk blood was collected into
heparinized tubes, centrifuged at 4 °C at 1000 g, and plasma separated
and stored at −70 °C until analysis. All animals were killed within this
interval of time in a random order with regard to stressed and non-
stressed animals.

Adrenal glands were carefully dissected and weighed using a scale
with a precision of 0.0001 g.

2.7. Corticosterone determination

For corticosterone determination, plasma was extracted with ethyl
acetate, theextractevaporatedand the residue suspended forevaluationof
thehormonewith anELISAkit (CaymanChemical Co., AnnArbor,MI,USA).

2.8. Statistical analysis

Data were expressed as means±SEM. Data were analyzed using
four-way repeated measures ANOVA for analyses of the body weight
and trials evaluating habituation for new foods and satiation, and
three-way multivariate ANOVAs were used for analyses of the tests,
adrenal weight and biochemical measurement. When indicated, a
post-hoc Duncan multiple range test was performed.

3. Results

3.1. Body weight

Body weight was measured at the beginning of the treatment, and
once a month afterwards. Four-way repeated measures ANOVA (time



298 L.F. Pettenuzzo et al. / Physiology & Behavior 95 (2008) 295–301
as within subjects factor and stress, caffeine and sex as between
subject factors) showed that animals increased in weight during the
treatment [F(2,186)=661, Pb0.01]; there was an interaction between
sex and time of treatment, since males showed a greater increase in
weight than females [F(2,186)=150, Pb0.01], an interaction between
stress and time, since controls gained more weight than stressed
animals [F(2,186)=5.16, Pb0.01], an interaction between caffeine
and time, [F(2,186)=3.85, Pb0.01] and an interaction between
stress, sex, time and caffeine [F(4,186)=2.52, Pb0.05], since caffeine
prevented the reduced weight gain observed in stressed rats: in
males only 0.3 g/L caffeine had this effect and, in females, both doses
prevented the reduction in weight gain found in stressed rats
(Fig. 1).

3.2. Standard lab chow ingestion and caffeine consumption

A three-way ANOVA showed that males ate more rat chow than
females [F(1,16)=2.95 Pb0.01]. When we normalized the consump-
tion of chow by the weight [energy intake/body mass to the 2/3
power [43]], the same result was observed [F(1,16)=6.90 Pb0.05]
(data not shown). There were no statistical differences between
stressed and caffeine-treated groups and their controls when
comparing standard lab chow consumption in the home cages,
and no interaction was observed between sex and group. There
were no statistical differences between groups in drinking volumes
consumed. Mean caffeine consumption did not differ between
stressed and control animals, neither between males and females;
rats receiving 0.3 g/L caffeine consumed about 40 mg/kg/24 h and
rats receiving 1.0 g/L consumed about 100 mg/kg/24 h.
Fig. 4. Consumption and latency to eat a palatable savory food (Cheetos®) during the habi
receiving caffeine. Data are expressed as mean number of Cheetos® consumed and mean lat
#different from stress, non-caffeine group (Pb0.05, Duncan multiple range test).
3.3. Sweet food ingestion

Four-way repeated measures ANOVA showed that all animals
increased their consumption of Froot Loops® [F(4,376)=70.7, Pb0.01]
anddecreased their latency to eat this food [F(4,376)=38.8,Pb0.01] during
the habituation sessions (under food restriction). Therewas an interaction
betweendays of habituation and caffeine (0.3 and1.0 g/L) treatment, since
rats receiving tap water consumed more sweet food [F(8,376)=2.85,
Pb0.01] and showed a lower latency to eat [F(8,376)=2.35, Pb0.05] than
caffeine-treated rats (Fig. 2). Stress had no effect. The caffeine effect was
more pronounced in females; analysis of individual groups indicated that
females receiving 1 g/L caffeine consumed less sweet food and had a
higher latency to eat this type of food than groups that did not receive
caffeine 1 g/L (two-way ANOVA and Duncan test, Pb0.05; see Fig. 2).

Analyzing the test session (when animals were fed ad libitum
during the last 24 h), a three-way ANOVA showed that caffeine-
treated rats ate less [F(2,106)=8.12, Pb0.01] and had a higher latency
to eat the Froot Loops® [F(2,106)=9.82, Pb0.01] (Fig. 3). Comparing
individual groups (Duncan test), it was observed that, while caffeine
decreased the ingestion of sweet food in stressed and non-stressed
females, in males this effect was observed just in stressed animals.

3.4. Savory snack ingestion

Four-way repeated measures ANOVA showed that all groups
increased their consumption [F(2,188)=117, Pb0.01] and decreased
the latency [F(2,188)=18.4, Pb0.01] to eat this savory food (Cheetos®)
during the habituation sessions (under food restriction). There was an
interaction between consumption of Cheetos® along the days of
tuation sessions (under food restriction) for male and female chronically-stressed rats
ency in seconds. ⁎Different from respective control group (non-stress, non-caffeine) and
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habituation and stress [F(2,188)=3.4, Pb0.01], since stressed rats
consumed more savory food along the habituation than non-stressed
rats. Four-way repeated measures ANOVA also showed an interaction
between consumption of Cheetos® along the days of habituation and
caffeine [F(4,188)=2.5, Pb0.05], since 1.0-g/L caffeine-treated rats
consumed less Cheetos® than controls and 0.3-g/L caffeine-treated
rats. There was also a trend towards an interaction between
consumption of Cheetos® along the days of habituation, sex and
caffeine [F(4,188)=2.4, P=0.052], since male rats treated with 1.0 g/L
caffeine consumed less Cheetos® along the habituation days than
females under the same treatment (see Fig. 4). Comparing individual
groups (Duncan test), it was observed that, while caffeine at the higher
dose decreased the ingestion of savory food in stressed and non-
stressed males under food restriction, this effect was not significant in
females.

As displayed in Fig. 5, caffeine-treated rats ate less Cheetos®
during the test session (when animals were fed ad libitum during the
previous 24 h) [F(2,106)=3.19, Pb0.05, three-way ANOVA]. This effect
was observed especially in chronically-stressed male animals, with
the dose of 1.0 g/L (Duncan post-hoc test).

3.5. Satiation tests

The animals were fed ad libitum during the days preceding the
satiation tests. A three-way ANOVA showed that caffeine-treated rats
(0.3 and 1.0 g/L) ate less Froot Loops® during the early [sum of first 4
exposures to the food; F(2,105)=9.68 Pb0.01] and late [sum of last 4
Fig. 6. Consumption of palatable food (Froot Loops®) during the satiation test (with
animals previously fed ad libitum; 8 exposures of 3 min, 30 s interval) for male and
female rats chronically stressed and receiving caffeine. Data are expressed as mean±
SEM of the sum of 4 exposures (1–4 or 5–8). ⁎Different from respective control group
(non-stress, non-caffeine) and #different from stress, non-caffeine group (Pb0.05,
Duncan multiple range test).

Fig. 5. Consumption and latency to eat the palatable savory food during the test session
(with animals previously fed ad libitum) for male and female chronically-stressed rats
receiving caffeine. Data are expressed as means±SEM. #Different from stress, non-
caffeine group (Pb0.05, Duncan multiple range test).
exposures to the food; F(2,105)=5.27, Pb0.01] satiation trials, and this
effect was especially observed in females, as shown by post-hoc tests
(Duncan multiple range test; please see Fig. 6).

Additionally, caffeine-treated rats (0.3 and 1.0 g/L) ate less
palatable savory food (Cheetos®) during the early [F(2,105)=4.45,
Pb0.05] and late [F(2,105)=11.46, Pb0.01] parts of the satiation test
(three-way ANOVA). Results also revealed that stressed rats consumed
less Cheetos® in the latter (5th to 8th) exposures [F(1,105)=4.47
Pb0.05] and that males ate more than females during the early
exposures to Cheetos® [F(1,105)=8.32, Pb0.01] (Fig. 7). While
caffeine-treated and stressed male rats consumed less savory food
in the later exposures, females treated with caffeine showed reduced
consumption of savory food in early and late exposures. Stress
prevented the effect of caffeine on the early exposures (Duncan
multiple range test).

3.6. Adrenal weight and corticosterone measurements

A three-way ANOVA revealed that females had higher corticoster-
one levels than males [F(58,1)=73.2, Pb0.01]. There are no effects of
chronic caffeine and/or stress on the basal corticosterone levels and
adrenal weight of rats (data not shown).

4. Discussion

In this study, we verified an alteration in palatable food consump-
tion in rats chronically treated with caffeine; this effect may be



Fig. 7. Consumption of palatable food (Cheetos®) during the satiation test (with animals
previously fed ad libitum; 8 exposures of 3 min, 30 s interval) for male and female rats
chronically stressed and receiving caffeine. Data are expressed as means±SEM of the
sum of 4 exposures (1–4 or 5–8). ⁎Different from respective control group (non-stress,
non-caffeine).
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influenced by sex and by stress. However, neither rat chow
consumption in the home cage nor body weight was decreased by
caffeine treatment. It is important to note that these rats did not have
free access to palatable food, since they could eat the palatable food
just for short periods after chronic treatments: 3 min (during
habituation or test sessions) or 28 min (on the occasion of the
satiation test). Therefore, the reduced ingestion of palatable food
induced by caffeine treatment in the present study could not lead to a
decreased body weight. The decreased consumption of palatable food
occurred when the animals were both under chow restriction and
when they were fed ad libitum in the 24 h preceding the test, and this
effect was more notable in females. We also observed that rats
chronically treated with caffeine consumed less palatable food when
they were exposed to it during a longer period (28 min). These data
may indicate that the chronic administration of caffeine can alter the
feeding behavior of rats with regard to palatable food, without
modifying feeding behavior concerning standard rat chow in the
home cage.

A lower weight gain observed in stressed animals has been
previously reported [19,20], and may be related to the action of
glucocorticoids, mobilizing energy stores and increasing hepatic
gluconeogenesis [21,22]. Interestingly, caffeine treatment attenuated
the effect of chronic stress on weight gain. We cannot precisely
postulate the mechanism that resulted in a weight gain that was
similar to that of controls in caffeine-treated animals, but it is possible
that caffeine attenuates some stress responses. Although our caffeine-
treated animals did not show corticosterone or adrenal weight
differences, differences in the stress response cannot be excluded.

Caffeine can also regulate serotonergic and noradrenergic neuro-
transmission [1]. Thus the effect of caffeine administration could be
related to an increased serotonin content found in several structures
(hypothalamus, hippocampus and striatum) in caffeine-treated
animals, since serotonin is a neurotransmitter linked to decreased
appetite [23]. On the other hand, it should be considered that feeding
control is a complex mechanism that includes homeostatic and
hedonic factors, and since no effect on body weight or rat chow
consumption was observed, we could suggest that caffeine particu-
larly decreases consumption of palatable food. Adenosine is known to
modulate the action of neurotransmitters, including dopamine, in the
nucleus accumbens [24,25]. Some studies demonstrate that a
functional dopamine/adenosine interaction in the nucleus accumbens
is necessary to induce the reinforcing effects of rewards [26], and that
adenosine is involved in the sweet taste perception [27,28]. Therefore,
this modulation could be involved in the present behavioral findings
[29]. Since caffeine is an adenosine antagonist, this could mean that
caffeine-treated animals had a lower perception of the rewarding
effects of palatable food, due to a blunted dopaminergic tonus in the
accumbens, i.e., the animals may decrease consumption of palatable
food because the reinforcing effect is too small. Another possible
explanation would be an increased cholinergic transmission on the
accumbens. Cholinergic transmission is also related to feeding
behavior, since it is a signal of satiation [30,31]. Caffeine can increase
the release of acetylcholine in the nucleus accumbens and this effect is
not altered after chronic treatment with caffeine [2], indicating that
there is no tolerance. It is possible that an increased cholinergic
transmission in our caffeine-treated rats may be related to the effects
observed. However, this mechanismwould probably also affect the rat
chow consumption, which was not altered. Additionally, effects of
caffeine treatment on sensorial perception cannot be excluded.
Therefore, more studies are necessary to elucidate this mechanism.

We have previously observed that male rats subjected to chronic
restraint stress consumed more sweet food, when this type of food is
presented during short periods of time [11]. In the present study,
however, no significant differencewas observed. This lack of stress effect
is probably due to some differences in the protocol used, especially with
regard to the time when stress was applied. In that previous study Ely
et al. [11] always applied restraint stress during the morning (when
corticosterone levels were lower), while here the stress was applied in
the afternoon, when corticosterone levels are increasing. These
differences in protocol may result in different adaptation to stress.

In the present study, caffeine treatment induced more robust
effects on females. In addition, when the animals are chronically
caffeine treated, stress appears to increase the caffeine effect on
palatable food consumption in males and decrease it in females.
Previous studies have shown an interaction between hormonal status
and response to stress in female rats, as well as different sweet food
consumption [32] with high estrogen levels being associated with
higher sweet food consumption, independently of the stress state
[32,33]. Here, although estrous cycle was not monitored, tests of
feeding behavior were conducted during several days, in such a way
that females were tested under different hormonal profiles. Also,
females are known to respond differently from males to stress.
Females are believed to be more vulnerable to acute stress [34]. For
example, the stress response to acute restraint is more intense in
females, when assessed by corticosterone levels, [35], or by measuring
the release of 5HT and dopamine in the amygdala [36]. Additionally,
androgens are known to decrease, and estrogens increase HPA
function [37]. This could explain the increased basal corticosterone
levels observed in females in the present study, as well as in others
[38,39]. However, behavioral responses to acute stress have been
observed to be lower in females than in males [36], and it has been
suggested that females may be endowed with a high ability to cope
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with stress [36]. Therefore, adaptation to chronic stress may also be
sex-specific [22,40]. Sex-specific adaptations to chronic stress may be
involved in the observed prevention of some of the effects of caffeine
in females, while it may potentiate the effect in males.

In addition, sex-differences in taste perception or in palatable food
rewarding propriety could be part of the explanation for the
differences observed here. Differences between male and female
rats in the processing of sweet stimuli taste in the gustatory system
have been reported, with females showing larger responses to sweet
food [41]. Additionally, male and female rats show distinct food
selection after stress exposure [34].

To our knowledge, the present study reported for the first time the
sex-specific effects of chronic caffeine on the consumption of specific
types of food (palatable ones). The anorectic effect of caffeine is
controversial in the literature, and seems to be more remarkable in
acute treatment than in a chronic model. Our data are in agreement
with previous findings in the literature, since the consumption of
standard lab chow was not altered in our model [1]. We observed a
reduced consumption of sweet and savory snack food (palatable food)
after chronic administration of caffeine, and this effect was also
evident when animals were in the fed state; therefore, this is not a
homeostatic need. In this study, we did not find an increased
consumption of sweet food in stressed rats, as previously observed
[11], but we observed an increased consumption of savory food during
the habituation trials.

The present study showed that chronic administration of caffeine
may diminish consumption of palatable food (sweet and savory
snacks), and that tolerance did not occur for this effect, since the rats
were treated for at least 40 days before the beginning of the behavioral
measurements. Caffeine has been previously utilized in therapies for
weight loss, due to its claimed action of amplifying the lipolytic effect
of ephedrine [42], a treatment that has several side effects. The effect
proposed here is different, since it is not related to lipolysis in the
adipose tissue, but to behavior and motivation to eat palatable food.
Thus, our results may indicate that caffeine, or an analog of caffeine,
may be helpful in therapies for obesity or weight control, but also
point to sex-differences, which should be taken into account.
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