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 Background: Glucagon-like peptide-1 (GLP-1) and endocannabinoids are involved in appetite control. Recently we have dem-
onstrated that cannabinoid (CB)1 receptor antagonist and GLP-1 receptor agonist synergistically suppress food 
intake in the rat. The aim of the present study was to determine the effects of GLP-1 receptor stimulation or 
blockade on feeding behavior in rats treated with WIN 55,212-2, a CB1 receptor agonist.

 Material/Methods: Experiments were performed on adult male Wistar rats. In the first experiment the effects of increasing doses 
(0.5–4.0 mg/kg) of WIN 55,212-2 injected intraperitoneally on 24-hour food consumption were tested. In fur-
ther experiments a GLP-1 receptor antagonist, exendin (9-39), and WIN 55,212-2 or a GLP-1 receptor agonist, 
exendin-4, and WIN 55,212-2 were injected intraperitoneally at subthreshold doses (that alone did not change 
food intake and body weight) to investigate whether these agents may interact to affect food intake in rats.

 Results: WIN 55,212-2 administered at low doses (0.5–2 mg/kg) did not markedly change 24-hour food consumption; 
however, at the highest dose, daily food intake was inhibited. Combined administration of WIN 55,212-2 and 
exendin (9-39) did not change the amount of food consumed compared to either the control group or to each 
agent injected alone. Combined injection of WIN 55,212-2 and exendin-4 at subthreshold doses resulted in a 
significant decrease in food intake and body weight in rats.

 Conclusions: Stimulation of the peripheral CB1 receptor by its agonist WIN 55,212-2 can induce anorexigenic effects or po-
tentiate, even at a subthreshold dose, the effects of exendin-4, a known anorectic agent. Hence, this dual ac-
tion of the cannabinoid system should be considered in the medical use of CB1 agonists.
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Background

Cannabis plants have been used for medical purposes for 
many years, primarily as agents for alleviating pain and en-
hancing appetite [1,2]. However, due to the high psychoactiv-
ity of compounds found in marijuana, cannabis plants have 
generally not been considered as therapeutic agents in con-
ventional medicine [1]. This changed when D9 tetrahydrocan-
nabinol (THC) was identified as the main constituent of mar-
ijuana producing appetite stimulation and when the role of 
the endocannabinoid system in the regulation of the body en-
ergy homeostasis was discovered [2]. Anandamide and 2-ara-
chidonylglycerol are the main components of this system [3]. 
Endocannabinoids modulate food intake through the canna-
binoid (CB)1 receptor [4], located in the hypothalamic neurons 
involved in food intake control as well as in vagal afferent neu-
rons in the gastrointestinal tract [5]. Anandamide injected both 
peripherally and centrally at low doses has been shown to in-
crease food intake [2]. Similar effects are evoked by 2-arachid-
onylglycerol [1]. On the other hand, appetite-stimulating THC 
activity was confirmed in the treatment of anorexia accom-
panying Alzheimer’s disease [1], senile dementia [1], anorex-
ia nervosa [2], and acquired immunodeficiency syndrome [6].

However, comparison of the effects of different THC doses on 
food intake in various animal species has shown discrepant 
results [7]. Cannabinoids have been found to both stimulate 
and inhibit food intake. The decrease in food intake was ob-
served after administration of high doses of THC and can be 
explained by the sedative actions of this agent. Similar ob-
servations have been made regarding the effect of another 
CB1 receptor agonist, WIN 55,212-2, on food consumption. 
Low doses (0.5–2 mg/kg) injected peripherally induced an in-
crease in food consumption [8–11]. At the lowest dose (0.5 
mg/kg) the tendency for abnormally large food intake was ob-
served as soon as 1 hour after injection and persisted for up 
to 2 hours; whereas after a dose of 1 and 2 mg/kg, the ten-
dency for hyperphagia was seen for up to 6 hours after ad-
ministration [8]. It seems to be surprising that at high doses 
the effects of WIN 55,212-2 are opposite to those seen after 
low doses. High doses of WIN 55,212-2 result in a decrease in 
food intake and significant weight loss [8,12,13]. Similar ano-
rectic effects were induced by another synthetic CB1 receptor 
agonist, HU210, also when administered at high doses [14].

It should be emphasized that in the studies published so far, 
the effects of WIN 55,212-2 on food consumption were in-
vestigated within the period of up to 6 hours after injection. 
However, considering the possible use of CB1 receptor ago-
nists in the treatment of anorexia, it is important to investi-
gate whether they can significantly affect energy balance for 
a period of time longer than a few hours after administra-
tion. Therefore, in this study we investigated the effects of 

increasing doses of WIN 55,212-2 on 24-hour food intake and 
body weight changes.

Endocannabinoids were reported to modulate the effects of 
orexigenic and anorexigenic neurotransmitters [15] and hor-
mones, such as GLP-1 [16], on food intake. GLP-1 is a neuro-
peptide secreted from intestinal L cells and neurons located 
in the nucleus of the solitary tract in the brainstem [17]. The 
GLP-1 receptor occurs centrally in the brain areas associated 
with energy balance regulation and peripherally in vagal af-
ferents [18], which pass information from the alimentary tract 
to the feeding centers in the brain.

Stimulation of GLP-1 receptor induces suppression of appe-
tite, inhibition of gastric emptying, and an increase in insulin 
secretion [19]. Exogenous GLP-1 analogues or GLP-1 receptor 
agonists, such as exenatide and liraglutide, were demonstrat-
ed to suppress appetite in rodents, humans and other primates 
[18]. On the other hand, pharmacological blockade of the cen-
tral GLP-1 receptor by its antagonist, exendin (9-39), results in 
an increase in food intake and body weight in the rat [20,21].

Since GLP-1 and CB1 receptors are expressed on vagal afferent 
neurons in the gastrointestinal tract, it seems that the com-
bined administration of agents changing the activity of both 
receptors could result in the reciprocal stimulation or inhibi-
tion of their effects on appetite. Recently, we demonstrated 
that blockade of the CB1 receptor by its antagonist, AM 251, 
and stimulation of the GLP-1 receptor by exendin-4 acts syn-
ergistically in terms of the reduction of food intake and body 
weight in rats [16]. Thus, with reference to the above-men-
tioned study, it would be useful to investigate whether a sim-
ilar relationship would occur when the CB1 receptor is stimu-
lated and the GLP-1 receptor is blocked. Therefore, the aim of 
this study was to determine if exendin (9-39), the GLP-1 re-
ceptor antagonist, and WIN 55,212-2, the CB1 receptor ago-
nist, would potentiate their effects on appetite. Additionally, 
the effects of simultaneous stimulation of the GLP-1 receptor 
by exendin-4 and the CB1 receptor by WIN 55,212-2 on food 
consumption and body weight changes were tested.

Material and Methods

Animals

The study was carried out on male Wistar rats weighing 280 
to 320 g. The animals were housed individually in plastic cag-
es and maintained on a 12:12 light-dark cycle at 20°C to 22°C. 
The animals had free access to standard rat chow LSM (WKiMP 
“AGROPOL”, Motycz, Poland) and water. Each rat received a pre-
weighed amount of pelleted chow and tap water every day. Four 
days prior to injection, the rats were habituated to experimental 
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conditions to reduce the possible effects of stress on results. 
Each group included 5 to 9 animals. All the procedures were ap-
proved by the Ethics Committee at the Medical University of Lodz.

Experimental procedures

The first experiment was aimed at determining the effects of 
increasing doses of WIN 55,212-2 on feeding behavior and 
finding the lowest dose that can significantly affect food in-
take. Rats were injected intraperitoneally with WIN 55,212-2 
((R)-(+)-[2,3-Dihydro-5-methyl-3[(4-naphthalenyl)methanone 
mesylate, SIGMA, St. Louis, MO, USA) at a dose of 0.5, 1.0, 2.0 
and 4.0 mg/kg. Initially WIN 55,212-2 was dissolved in DMSO 
(dimethyl sulfoxide, SIGMA, St. Louis, MO, USA) and then di-
luted with 0.9% NaCl using Cremophor TWEEN 80 (SIGMA, St. 
Louis, MO, USA), 2%: 97%: 1% v/v, respectively, until obtain-
ing the required concentration. Food intake and body weight 
were recorded every 24 hours 2 days prior to and 2 days af-
ter the injection.

The aim of the second experiment was to investigate wheth-
er WIN 55,212-2 and exendin (9-39) (BACHEM, Switzerland) 
at subthreshold doses showed synergistic effects on food in-
take or body weight gain. The rats were administered exendin 
(9-39) and WIN 55,212-2 alone or in combination at doses of 
160 µg/kg and 1 mg/kg, respectively; 0.9% NaCl was used in 
the control group. Exendin (9-39) was dissolved in sterile 0.9% 
NaCl. WIN 55,212-2 was administered 15 minutes after exen-
din (9-39). Daily food intake and body weight were recorded 
as in the previous experiment.

The aim of the third experiment was to investigate whether 
exendin-4 (BACHEM, Switzerland) and WIN 55,212-2 would 
reciprocally modify their effects on food intake. The rats were 
injected intraperitoneally with each agent either separately or 

in combination at a dose of 3 µg/kg and 2 mg/kg, respective-
ly. Control rats received 0.9% NaCl. Exendin-4 was dissolved 
in sterile 0.9% NaCl. WIN 55,212-2 was injected 15 minutes 
after exendin-4 injection. Daily food intake and body weight 
were recorded as indicated above.

Statistical analysis

The results of the experiments were analysed with statistical 
software STATISTICA 8 (StatSoft, Poland) with the use of re-
peated-measures analysis of variance (ANOVA) and post-hoc 
analysis (Fisher’s NIR test). A p-value <0.05 was set to be sta-
tistically significant.

Results

There were no significant differences in initial body weight or 
in the amount of food consumed by the rats among all the ex-
perimental groups. WIN 55,212-2 did not significantly change 
the 24-hour food intake or body weight when administered at 
low doses (0.5, 1.0 and 2.0 mg/kg). However, when the drug 
was administered at the highest dose (4.0 mg/kg) it resulted 
in a marked (p<0.001) decrease in the amount of food con-
sumed at 24 hours, but not at 48 hours, after the injection. 
Also, body weight was decreased, and this effect was signifi-
cant at 24 and 48 hours after the injection (p<0.05, Figure 1).

Exendin (9-39) and WIN 55,212-2 each administered alone did 
not change daily food intake or body weight as compared with 
control animals. Combined administration of these agents did 
not significantly affect these parameters (Figure 2).

Exendin-4 and WIN 55,212-2 injected alone did not cause sta-
tistically significant differences in daily food intake or body 

Figure 1.  Effects of intraperitoneal administration of various doses (0.5, 1.0, 2.0, 4.0 mg/kg) of a cannabinoid CB1 receptor agonist, 
WIN 55,212-2 (WIN), on daily food intake (panel A) and body weight changes (panel B) in the rat. The initial values in 
panel A are the mean food consumption during two consecutive days before the injection of the drugs. The subsequent 
measurements were made 24 and 48 hours after injections. Body weight changes in all groups were measured on the day of 
injection and compared to results obtained 24 and 48 hours after the injection. Data are mean ±SEM. * p<0.05; ** p<0.001.
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weight compared to the control animals. However, a combina-
tion of these agents induced a decrease in food intake on the 
first and second day after the injection (p<0.001 and p<0.01, 
respectively). Also, a significant body weight loss was observed 
on the first day (p<0.001) and maintained on the second day 
after injection (p<0.01, Figure 3).

Discussion

We found that WIN 55,212-2, a synthetic CB1 receptor ago-
nist, injected at doses of 0.5 to 2.0 mg/kg did not have any 
significant effects on 24-hour food intake, whereas a dose of 
4 mg/kg inhibited food intake and subsequently resulted in 
body weight loss. We also found that the inhibitory effects of 

a single dose of WIN 55,212-2 was temporary and lasted only 
24 hours. Interestingly, this decrease in food intake was ac-
companied by body weight loss, which was maintained lon-
ger than the anorexigenic effect. These findings may indicate 
that a high dose of WIN 55,212-2 causes a negative energy 
balance, not only due to an anorexigenic effect, but also like-
ly due to increased energy expenditure. If this is the case, it 
would mean that the CB1 receptor agonist applied at high 
doses causes effects characteristic of CB1 receptor antago-
nists [22,23].

Earlier studies have demonstrated divergent effects of WIN 
55,212-2 on food consumption. The stimulatory effects of low 
doses of WIN 55,212-2 injected peripherally has often been 
described [8–11]. However, the orexigenic effects of this drug 

Figure 2.  Effects of intraperitoneal administration of a combination of a GLP-1 receptor antagonist exendin (9-39) (Ex 9) and a 
cannabinoid CB1 receptor agonist WIN 55,212-2 (WIN) on daily food intake (panel A) and body weight changes (panel B) in 
the rat. The initial values in panel A are the mean food consumption during two consecutive days before the injection of the 
drug. The subsequent measurements were made 24 and 48 hours after injections. Body weight in all groups was measured 
on the day of injection and compared to results obtained 24 and 48 hours after the injection. There were no significant 
differences. Data are mean ±SEM.
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Figure 3.  Effects of intraperitoneal administration of a combination of a GLP-1 receptor agonist, exendin-4 (Ex 4), and a cannabinoid 
CB1 receptor agonist, WIN 55,212-2 (WIN), on daily food intake (panel A) and body weight changes (panel B) in the rat. The 
initial values in panel A are the mean food consumption during two consecutive days before the injection of the drug. The 
subsequent measurements were made 24 and 48 hours after injections. Body weight in all groups was measured on the 
day of injection and compared to results obtained 24 and 48 hours after the injection. Data are mean ±SEM. * p<0.01; ** 
p<0.001.
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often lasted only for a few hours after drug administration [8]. 
This fact explains why we did not observe any marked changes 
in food consumption in rats treated with similar doses of WIN 
55,212-2 at 24 hours after the injection. On the other hand, 
WIN 55,212-2 used at a dose comparable to or higher than the 
highest dose administered in our study, suppressed appetite 
[8]. Similarly, AM 404, a drug enhancing the action of endocan-
nabinoids by blocking anandamide reuptake, demonstrated an 
inhibitory effect on food intake [24]. It seems that overstimu-
lation of the CB1 receptor with high doses of the above-men-
tioned agonists can lead to its desensitization. This, in turn, 
may result in reduced activity of the CB1 receptor and, conse-
quently, in the loss of its ability to respond to stimulation by 
endogenous agents under physiological conditions [25]. As WIN 
55,212-2 is a synthetic CB1 receptor agonist, it demonstrates 
higher durability and capability of binding with CB1 receptors 
compared with natural neuromediators [26]. Therefore, when 
administered at high (“pharmacologic”) doses, it can act as a 
cannabinoid antagonist [27]. This fact could explain the par-
adoxical decrease in appetite observed after administration 
of CB1 receptor agonists in this and other research studies.

Different effects of high and low doses of cannabinoids on ap-
petite can also result from their influence on various neurotrans-
mitters mediating the action of cannabinoids in the brain. Low 
doses of cannabinoids were demonstrated to inhibit glutamate 
release and produce hyperphagia, whereas high doses inhib-
it the secretion of gamma-aminoacetic acid and cause hypo-
phagia [28]. The fact that higher doses of cannabinoids inhibit 
appetite can be additionally explained by their suppressive ef-
fects on gastrointestinal motility [29] and gastric emptying [12].

In the second experiment we investigated whether a GLP-1 
receptor antagonist and a CB1 receptor agonist can recipro-
cally modify their effects on food intake. Earlier reports pub-
lished by other authors indicate that intracerebroventricular 
administration of exendin (9-39) stimulates food intake [21,30]. 
Moreover, exendin (9-39) was found to enhance the orexigen-
ic action of neuropeptide Y [21] and attenuate the anorexigen-
ic effect of lipopolysaccharide [31], thus indicating that it may 
modify the effects produced by other factors influencing ap-
petite. On the other hand, previous studies demonstrated that 
co-expression of CB1 and orexin 1 receptors enhances the ac-
tivity of the latter receptor [32]. Because CB1 [33] and GLP-1 
[34] receptors were detected in vagal afferent neurons trans-
ferring information from the gastrointestinal tract to the brain 
feeding centers, it may be assumed that endocannabinoids 
and GLP-1 would cooperate in the modification of these cen-
ters’ activity. We found, however, that simultaneous peripher-
al administration of WIN 55,212-2 and exendin (9-39) did not 
significantly change appetite or body weight of rats. Hence, 
under conditions of our experiment, exendin (9-39), a GLP-1 
receptor antagonist together with WIN 55,212-2, a CB1 recep-
tor agonist, did not evoke a synergistic stimulatory effect on 

appetite or body weight gain. This is in agreement with our 
earlier observation that exendin (9-39) does not modify the 
anorexigenic effect of AM 251, a CB1 receptor antagonist [16].

In our third experiment we demonstrated that WIN 55,212-2 
and exendin-4 each injected alone at low doses did not signif-
icantly affect food intake or body weight in rats, whereas their 
combined administration at subthreshold doses caused a de-
crease in food consumption and in body weight. It is of inter-
est that this effect is similar to that described in our previous 
study, where exendin-4 and AM 251, a CB1 receptor antago-
nist, showed a synergistic effect on the reduction of food in-
take and body weight [16]. The above results demonstrate that 
the anorexigenic effect of exendin-4 may be enhanced under 
both the blockade and stimulation of CB1 receptor. However, 
it seems that the unexpected enhancement of anorexigenic 
effects of exendin-4 by WIN 55,212-2 does not result from its 
direct influence on feeding centers in the brain, but rather from 
other mechanisms indirectly suppressing appetite.

The decrease in food consumption in animals treated with both 
exendin-4 and WIN 55,212-2 could be the result of their ad-
ditive, inhibitory effects on gastric emptying [35, 36]. Another 
possible mechanism by which both agents decreased food 
consumption is their suppressive effect on locomotor activity. 
Earlier studies demonstrated that both WIN 55,212-2 and exen-
din-4 at the doses similar to those used in our study decreased 
motor activity in animals [37,38]. Thus, the sedative action of 
both drugs can be responsible for the decrease in appetite.

Conclusions

The results of our study indicate that WIN 55,212-2, a CB1 re-
ceptor agonist, injected intraperitoneally at low doses does not 
significantly alter daily food consumption. These results also 
confirm earlier reports that the CB1 receptor agonist inject-
ed at a high dose inhibits food intake. Furthermore, we have 
demonstrated that simultaneous administration of 2 potential-
ly orexigenic agents, exendin (9-39) and WIN 55,212-2, does 
not modify food intake in rats. However, the anorexigenic ac-
tions of exendin-4, a GLP-1 receptor agonist, are enhanced by 
even a subthreshold dose of WIN 55,212-2. Thus, we conclude 
that, regarding the ambiguous role of peripheral CB1 recep-
tors in the regulation of food intake, agonists of this receptor 
administered to induce appetite should be used with caution. 
Further studies are needed to explain the dual action of the 
cannabinoid system on feeding centers in the brain.
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