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Anandamide administration into the ventromedial hypothalamus
stimulates appetite in rats
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This investigation reports the possible role of the endocannabinoid anandamide in modulating
appetitive behaviour. Given that cannabinoids have been used clinically to stimulate appetite in HIV
and cancer chemotherapy patients, there has been a renewed interest in the involvement of
cannabinoids in appetite modulation. This is the ®rst report on the administration of anandamide
into the ventromedial hypothalamus. Pre-satiated rats received an intrahypothalamic injection of
anandamide (50 ng 0.5 ml71) followed by measurement of food intake at 3 h post injection.
Administration of anandamide induced signi®cant hyperphagia. Pretreatment with the selective CB1

cannabinoid antagonist SR 141716 (30 mg 0.5 ml71), 30 min prior to anandamide injection resulted
in an attenuation of the anandamide-induced hyperphagia (P50.001). This study demonstrates that
intrahypothalamic anandamide initiates appetite by stimulation of CB1 receptors, thus providing
evidence on the involvement of hypothalamic endocannabinoids in appetite initiation.
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Introduction Although research implicating the role of

Anandamide (AEA), endogenous cannabinoid, in the stimu-
lation and maintaining of appetite is not yet extensive
(Williams & Kirkham, 1999; Hao et al., 2000; Di Marzo et
al., 2001), AEA has been identi®ed to play a de®nitive role in

appetite regulation (Fride et al., 2001). However the precise
role of AEA in appetitive processes remains to be established.
At present, cannabinoid-induced feeding has been a phenom-

enon mainly supported by anecdotal accounts. The identi®ca-
tion of endogenous ligands such as AEA (Devane et al.,
1992) and the description of the ®rst selective and potent

cannabinoid CB1 receptor antagonist SR 141716 (Rinaldi-
Carmona et al., 1994) have substantiated the involvement of
endogenous cannabinoids in the regulation of appetite
(Williams & Kirkham, 1999). In addition to this, several

studies have reported that the blockade of central CB1

receptors by SR 141716 suppresses food intake in laboratory
animals (Arnone et al., 1997; Colombo et al., 1998; Simiand

et al., 1998).
Whilst this accumulated evidence supports the role of the

brain cannabinoid system in the control of food intake,

studies involving direct central administration of cannabi-
noids are relatively scarce, thus little is known about the role
of endogenous cannabinoids in the central regulation of

feeding. It is interesting to note that daily food intake is
normally under the control of the hypothalamus (Torelli et
al., 2000) and that cannabinoid receptors have been identi®ed
within several hypothalamic regions (Mailleux & Vanderhae-

ghen, 1992; Romero et al., 1998). Furthermore Di Marzo et
al. (2001) recently reported increased endocannabinoid levels

within the hypothalamus as a result of defective leptin

signalling. In particular there appears to be a higher
concentration of cannabinoid receptor mRNA within the
ventromedial hypothalamus (VMH) in comparison to that in
other nuclei within the hypothalamus (Mailleux & Vander-

haeghen, 1992). In light of this we investigated the e�ect of
AEA administration into the VMH. Using the CB1

antagonist, SR 141716, we also investigated whether central

AEA acts on CB1 receptors to modulate appetite.

Methods Animals and housing Male albino Glaxo-Wistar

rats weighing between 250 ± 350 g were used. Prior to
experimentation rats were kept at 228C with a 12 h light ±
dark cycle, lights on at 0515 h.
Following surgery (see below) rats were individually

housed with free access to standard rat food (ARMTM

pellets) and water.
The experimental protocol was approved by the Victorian

College of Pharmacy, Monash University Animal Experi-
mentation Ethics Committee and conforms to the guidelines
set out by the National Health and Medical Research

Council and all government regulations.

Surgery Seven days prior to experimentation, rats were

anaesthetized with a sodium methohexitone (18 mg kg71

i.p.)/sodium amylobarbitone (30 mg kg71 i.p.) mixture and
placed in a stereotaxic frame. The skull was exposed and a
hole (2 mm i.d.) was drilled above the VMH (co-ordinates

Lateral 70.4 mm, Rostral 71.5 mm, from bregma). The co-
ordinates were selected according to the stereotaxic atlas of
Paxinos & Watson (1986). The animals were implanted with

stainless steel 23-gauge guide cannulae, which were anchored
using dental acrylic cement and two stainless steel screws.
Each guide cannula was sealed by a stainless steel stylet. To
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prevent postoperative infection, the animals were injected
with ticarcillin (25 mg kg71 i.p.).

Central drug administration Each treatment group consisted
of 7 ± 9 animals. The animals were gently restrained during
microinjection. The stylet was removed and a stainless steel
cannula (V 77.9 mm) connected by polyethylene tubing to a

microinjection pump (Carnegie Medicin, Stockholm, Sweden)
was inserted via the guide cannula. In order to examine the
e�ect of AEA on the food intake of rats, three di�erent

concentrations were used: 25, 50 and 150 ng 0.5 ml71 infused
over 10 s.
AEA (25, 50 or 150 ng 0.5 ml71 in 10 s), SR 141716 (30 mg

0.5 ml71 in 10 s) or vehicle (saline) was microinjected into the
VMH. The inner cannula remained in place for 3 min post
microinjection. After resealing the guide cannula with a stylet

the animals were returned to their individual home cage. Rats
had unlimited access to water and a pre-weighed quantity of
food. In some animals the microinjection of AEA was
preceded by 30 min with central administration of

SR 141716.
Experiments commenced at 1000 h. Food pellets were

weighed and their weight was recorded before pretreatment

(730 min) and immediately prior to central administration
(0 min) of AEA, SR 141716 or vehicle and at 180 min post
microinjection.

At the end of the experiment, the rats were deeply
anaesthetized with pentobarbitone (4100 mg kg71 i.p.). Each
rat was microinjected with dye into the VMH and its brain

was rapidly removed, frozen and coronal sections were cut.
An observer, unaware of the results obtained, determined the
position of the injection site. Only results obtained from rats
with correctly positioned guide cannula are presented.

Drugs The following drugs were used: Anandamide,
arachidonylethanolamide (Tocris), and SR 141716, (N-

piperidino -5-(4-chlorphenyl)-1-(2,4-dichlorophenyl)-4-methyl-
3-pyrazole-carboxamide) (Sano® Recherche).
For intrahypothalamic injection AEA in a soya/water

(4 : 1) emulsion (poloxamer as emulsi®er) was dissolved in
0.9% w v71 saline to give the required concentration.
For intrahypothalamic administration, SR 141716 (30 mg)

was transferred to a glass vial and suspended in Tween-80 by

vortex and then made up to volume with 0.9% w v71 saline,
resulting in a ®nal concentration of 60 mg ml71 with 4%
Tween-80.

Statistical analysis Groups of drug-treated rats were
compared with the respective vehicle treated group using

one-way analysis of variance (ANOVA). If the ANOVA
revealed statistically signi®cant di�erences (P50.05), post-hoc
Dunn Multiple Comparison test was used to determine which

treatment groups were di�erent. When data was not normally
distributed or did not exhibit equal variance, an ANOVA on
ranks was performed and when a signi®cant di�erence
(P50.05) was determined amongst groups, Dunn's test was

used as a multiple comparison to control.

Results Rats normally consume the major proportion of

their daily food intake during the period of darkness (8 ±
10 g 100 g71 body weight) (Taylor & Jamshidi, 1999). As
illustrated in Figure 1, intrahypothalamic administration of

vehicle had no e�ect on the appetite of such pre-satiated rats.
At 25 ng (data not shown) and 150 ng AEA had no e�ect on
food intake (Figure 1). When rats were microinjected with

50 ng AEA into the VMH, there was a signi®cant increase in
food intake compared to saline treated animals (P50.001).
This was despite animals previously consuming their total
daily food intake. SR 141716 (30 mg) had no e�ect on

appetite compared to that of vehicle-treated animals. When
SR 141716 was injected 30 min prior to 50 ng AEA, it
inhibited the AEA-induced spontaneous food intake.

Histological analysis of injection cannulae placements
using dye allowed for the exclusion of `o�-target' cannulae
from the study. Only rats with `on-target' cannulae (within

the area outlined in Figure 2) were included in the study. It
should be noted that when the cannula was not within the
target area there was no increase in food intake upon the

administration of AEA.

Discussion Our results support the concept that brain
cannabinoid systems are involved in appetitive behaviour.

To our knowledge this study is the ®rst to show that
intrahypothalamic injection of AEA is e�ective in altering

Figure 1 E�ect of injection into the ventromedial hypothalamus of
AEA 50 ng (n=8), 150 ng (n=8), saline (n=9), SR 141716 30 mg
(n=9), and SR 141716 injected 30 min prior to AEA 50 ng (n=7)
intrahypothalamically on food intake in pre-satiated rats (*P50.001,
when compared with vehicle). Results are expressed as mean+
s.e.mean.

Figure 2 Schematic diagram of coronal brain section outlining the
area within the hypothalamus in which the cannulae were placed to
observe the e�ects of AEA and SR 141716 on appetite (Paxinos &
Watson, 1986).
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appetite, and that this e�ect is speci®c to the VMH.
Administration of 25 and 150 ng AEA into the VMH had
no e�ect on appetite. However 50 ng AEA caused a

signi®cant increase in food intake, generating an `inverted
U' shape dose response e�ect to AEA. The hyperphagia
produced by 50 ng AEA was signi®cantly attenuated by the
selective CB1 receptor antagonist SR 141716. This is in

agreement with the results obtained by Williams & Kirkham
(1999) who showed that cannabinoid-induced hyperphagia is
mediated by central CB1 receptors. However, most studies

conducted to date have used the peripheral route of drug
injection to examine the e�ects of AEA and SR 141716
(Williams & Kirkham, 1999; Hao et al., 2000) on feeding,

making this the ®rst study to identify the central location of
AEA induced feeding within the hypothalamus. Despite their
di�erences in feeding paradigms and the injection routes of

AEA, both previous studies also showed that AEA caused a
stimulation of appetite. Contrary to these recent observations
Crawley et al. (1993) did not observe any e�ect on food
consumption of animals that had started eating during the

experimental phase of injecting AEA peripherally. It should
be noted that both the experimental circumstances and the
peripheral dose of AEA in the Crawley et al. (1993) study

were di�erent to that of our study and the other two studies
(Williams & Kirkham, 1999; Hao et al., 2000). In the current
study and previous studies (Hao et al., 2000) animals were

fed prior to injection of either intrahypothalamic or
peripheral AEA. Thus, it can be hypothesized that AEA-
induced feeding may predominantly depend on the satiety

level of the animals. Perhaps it can also be postulated that
endocannabinoid processes are (depending on the satiety level
of animals) involved in the actual initiation of food intake,
where exogenous AEA may act to facilitate the endogenous

system.
Stimulation of appetite and feeding behaviour have been

linked to reward and rewarding behaviour (Berridge, 1996).

In addition to this, stimulation of rewarding processes and
more speci®cally food intake, have been associated with the
release of dopamine (Mark et al., 1994; Bassareo & Di

Chiara, 1997). Given that cannabinoid ingestion has been
linked to rewarding processes similar to those of other drugs
of abuse (Gardner et al., 1988), it may be speculated from

our results that the appetite stimulating action of AEA is part
of the stimulation of reward or rewarding behaviour.
Furthermore since it has been shown that cannabinoids can
induce dopamine release (Navarro et al., 1993; Malone &

Taylor, 1999), it can be postulated that AEA-induced feeding
leads to rewarding behaviour and dopamine release. However
the functional interaction between AEA-induced feeding and

dopamine release requires further investigation.
Selective reduction of both standard rat food and sucrose

intake by SR 141716 has been reported (Arnone et al., 1997;

Colombo et al., 1998; Simiand et al., 1998). However in all
reported cases the animals were injected during their feeding
time irrespective of restricted (Arnone et al., 1997) and free

(Colombo et al., 1998; Simiand et al., 1998) food access. In
the current study, given the observation that vehicle-treated
pre-satiated rats do not eat, it is not surprising that no e�ect
was observed when SR 141716 was administered intra-

hypothalamically. Similarly, in the study where Williams &
Kirkham (1999) peripherally injected pre-satiated rats with
SR 141716 alone, SR 141716 had no e�ect on appetite.

Therefore, from this and the observation that SR 141716
inhibited AEA induced feeding it can be postulated that in
the VMH AEA acts on CB1 receptors to elicit food intake

and that endocannabinoids play a role in the initiation of
appetite. We propose that the endogenous cannabinoid AEA
plays an activational role in ingestive behaviour. It is possible

that this modulation however, may be overridden by the
action of opposing systems, such as dopaminergic and/or
serotonergic, upon alteration of satiety level.
In conclusion, this is the ®rst demonstration that central

cannabinoids play a role in the initiation of appetite by
activation of CB1 receptors located in the VMH.

We would like to thank the Sano® Recherche for the generous gift
of SR 141716.
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