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Abstract

Dopamine is well recognized to regulate feeding via hypothalamic circuits in the brain. 
However, the mechanism by which dopamine controls food intake through hypothalamic 
pathways remains largely unknown. Recent findings propose that metabolic circuit and 
especially peripheral orexigenic/anorexigenic signals may play a critical role in the regulation 
of food intake. Therefore, in the present study, we hypothesized that ghrelin might modulate 
the orexigenic effect of ventromedial hypothalamic (VMH) dopamine receptors. To address 
this issue, we assessed the effects of intraventromedial administration of dopamine D2 
receptors agonist, Quinpirrole, and anatagonist, Sulpiride, on plasma levels of ghrelin in 20-h 
fasted rats. Results showed that the pharmacological activation of D2 receptors increases the 
plasma ghrelin level persisted over 1h. This stimulatory effect of dopamine receptor activation 
on ghrelin was reduced by D2 receptors blockade in the VMH. In some experiments, atropine 
(cholinergic antagonist; 1 mg ⁄ kg s.c.) was administered 30 min before drug or saline injections 
which resulted in a marked suppression of fasted and stimulated ghrelin secretion. Together, 
our novel data implicates ghrelin in the orexigenic action of VMH D2 receptors signaling 
with a possible functional role of vagal pathway in the control of dopamine-evoked appetite 
(ghrelin) induction.
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Introduction

Food intake is particularly controlled by 
the hypothalamus and involves homeostatic 
and hedonic pathways [1,2]. Impairment in 
nutrient sensing pathways in the hypothalamus 
has been found to induce obesity [3]. Several 
neuroendocrine hormones especially ghrelin 
regulate food intake through an effect on the 
hypothalamus [4]. Ghrelin is the primary gut 
orexigenic signal that is involved in short and 
long-term regulation of appetite principally 

via acting on the hypothalamus [5,6] and can 
enhance food intake in both animals and humans 
[7,8]. There is some evidence that showing 
dopamine (DA) neurotransmission also can exert 
a regulatory effect on food intake [9,10]. For 
example, DA-deficient mice exhibited behaviors 
associated with seeking and ingesting food, but 
they could not consume food enough to survive 
[11]. Additionally, the DA antagonists caused 
serious feeding deficits in animals [12,13]. The 
dopamine D2 receptors have been shown to 
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monohydrate (cholinergic antagonist) were 
purchased from Sigma (St Louis, MO, USA). 

 � Stereotaxic surgery

After 1 week of habituation to the housing 
conditions, for cannulation and verification of 
placement, rats were deeply anesthetized with 
chlorate hydrate (400 mg/kg; i.p.) and fitted 
with a 23-gauge stainless steel cannula placed 
just above the right ventromedial hypothalamic 
(VMH).

Stereotaxic coordinates were determined from 
the rat brain atlas of Paxinos and Watson; VMH, 
lateral: +0.7 mm from midline; dorsoventral: 
8.5 mm from skull surface; anteroposterior: - 
2.4 mm from the bregma [21]. The injector 
extended 1 mm beyond the end of the guide 
cannula. After surgery, the animals were allowed 
a 5-day recovery period before experimental 
trials. Placement of cannula in the VMH was 
confirmed after experiment by fixation of brains 
in formalin and then 100 μm thick sections were 
taken and cannula and injection tracks were 
examined with light microscopy. 

Only data obtained in rats verifying histologically 
the placements of cannula were used (Figure 1). 
The total number of injected rats in the VMH 
was 36 (each group; n=6). Five rats were excluded 
due to cannula misplacement. Injection of 
compound drugs or saline was performed under 
chlorate hydrate anesthesia using a Hamilton 1 
μl syringe through silastic tubing in a volume of 
0.5 μl over 30 s. After the injection, the needle 
was left in place for an additional 30 s.

 � Treatments

In a first and second set of experiments, we 
considered the effects of VMH -microinjected 
Quinpirole (D2 receptor agonist) and 
Sulpiride (D2 receptor antagonist) on plasma 
concentration of ghrelin. In the first set of 
experiments, rats in control and treatment 
groups, received an effective dose of D2 receptor 
agonist, Quinpirole (0.5μg), and antagonist, 
Sulpiride (0.005 μg) or saline (0.5 μl) into the 
VMH, respectively, after a 20-h fasting period. 
The effective dose of D2 receptor agonist and 
antagonist was based on that used in other study 
in our lab (data not published). To investigate 
the time-course effect of the VMH injection 
of drugs; blood sampling was performed at 0, 
10, 20, 40 and 60 min after drugs injection. 
Basal blood sampling (0 min) was immediately 
followed by the VMH injection and then at 10, 
20, 40 and 60 min after the injection, blood 

predominantly mediate the regulatory effect of 
the DA on food intake [14-16] within several 
specific sites of the hypothalamus including 
ventromedial nucleus [17,18]. However, whether 
modifying effect of hypothalamic dopamine 
receptor activity on energy homeostasis and 
appetite behaviours is mediated by regulation of 
ghrelin concentration is unknown. Interestingly, 
previous studies demonstrated that activation of 
the D2 receptor significantly reduces both basal 
and stimulated plasma leptin levels in human and 
rats, suggesting D2 receptor neurotransmission 
mediates energy balance via regulating 
leptin levels [19,20]. Although the precise 
mechanism(s) of hypothalamic dopaminergic 
regulation of energy homeostasis by peripheral 
homeostatic modulators is (are) unknown, it 
seems that normal functioning of dopamine 
receptors in the brain play an important role 
in the maintenance of normal eating behavior 
and in the regulation of energy balance through 
physiological state associated hormones (i.e., 
hunger and satiety hormones). Since, there is no 
adequate data in literature about a relationship 
between D2 receptor activation and ghrelin 
level, therefore in this study; we investigated the 
existence of a possible correlation between plasma 
levels of ghrelin and hypothalamic D2 receptors 
in ventromedial nucleus of the hypothalamus in 
rats. Together, our results showed that there is a 
potential interaction between the dopaminergic 
transmission in hypothalamus and appetite-
regulating hormones that likely depend on vagal 
cholinergic pathway. 

Materials and Methods

 � Animals

Male Wistar rats (220–250 g, Pasteur Institute 
of Iran, Tehran) were housed under controlled 
conditions (23 ± 2 °C, 30- 40% humidity 
and light on 07:00–19:00) with free access to 
standard rat chow and tap water in. They were 
deprived of food, but not water, for 20–24 h 
prior to experiments. All experimental protocols 
were approved by the Ethical Committee of 
Isfahan University of Medical Sciences (Isfahan, 
Iran) in accordance with the Guide for Care and 
Use of Laboratory Animals (National Institute of 
Health Publication No.80-23, revised 1996)

 � Drugs

Quinpirole hydrochloride (dopamine D2 
receptors agonist), Sulpiride (dopamine D2 
receptors antagonist) and atropine sulfate 
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samples were collected. For protection of blood 
samples against ghrelin degradation, coated 
tubes with protease inhibitors were used.

Tail blood sampling technique was used to 
collect blood (at the amount of 500 μl) from the 
rats around 9:30 AM on the fasted day. 

In the second set of experiments, we studied 
the role of the vagus nerve in the regulation of 
hypothalamic D2 receptors-mediated energy 
homeostasis. Rats were pre-treated with 
subcutaneous (s.c.) injection of atropine or 
saline, and 30 min later D2 receptor agonist, 
Quinpirole, and antagonist, Sulpiride, at doses 
of 0.5μg and 0.005 μg or saline (0.5 μl) was 
administered into VMH. Blood samples were 
collected at 0, 10, 20, 40 and 60 min after the 
drug injections for determination of hormone 
secretion output. After blood sampling, plasma 
ghrelin was measured using rat ghrelin EISA 
kit with intra-assay precision CV<10% (Zellbio 
Company ELISA kit-Germany). All experiments 
were performed at 9:30 AM.

Statistical Analysis

Results are shown as mean ± SEM. The 
differences between groups in the hormone 
study were checked by repeated measures 
analysis of variance (ANOVA) (time course 
analysis of ghrelin), one-way ANOVA 
followed by Turkey’s HSD test (hormone 
analysis at one time). Student’s paired t-test 
was used to evaluate differences between two 
points in one group. P<0.05 was considered 
statistically significant.

Results

In the present study, we evaluated whether 
modifying effect of hypothalamic D2 receptors 
on energy homeostasis can be mediated through 
the regulation of ghrelin secretion (probably 
mediated by vagal pathway). To do this, the 
effective doses of D2 receptor agonist and 
antagonist were selected and examined. 

 � Time course effects of D2 receptor 
agonist (Quinpirole) and antagonist 
(Sulpiride) on the plasma concentration 
of ghrelin

The ghrelin secretion pattern over time (a period 
of 1 h) was evaluated following microinjection 
of Quinpirole (0. 5 μg) into the VMH. As 
shown in Figure 2A, plasma ghrelin level 
was significantly changed in different groups 

[F (4, 24) = 9.273, P<0.00]. Further analysis 
revealed a significant increase (p<0.001) in 
plasma ghrelin from the basal levels of ~100% 
to 181% at 10 min and to 187% at 60 min, 
compared with saline injection (Figure 
2B). Moreover, the application of Sulpiride 
significantly decreased (p<0.01) plasma 
ghrelin from the basal levels of ~100% to 65% 
at 40 min and to 51% at 60 min, compared 
with saline injection (basal level: 1191.61 ± 
49.92; at 10 min: 1140.55 ± 97.50 and at 60 
min: 1228.79 ± 73.38, Figure 2A). Sulpiride 
injection had no significant effect on ghrelin 
concentration at time of 10 (106%) and at 20 
min (96%) (Figure 2B) compared with saline 
treated rats. 

 � Atropine induced a vagal cholinergic 
dependent decrease in plasma ghrelin 
levels in drug- treated rats

We also examined the possibility that the vagal 
cholinergic pathway might be implicated in 
the stimulation of ghrelin secretion by VMH 
injection of Quinpirole.

As shown in Figure 3A, atropine injection in 
20-h fasted rats, significantly changed plasma 
ghrelin levels in different groups [F (4, 24) 
= 4.53, P<0.00]. Further analysis revealed a 
significant decrease (p<0.00) in plasma ghrelin 
from the basal levels of 1204.01 ± 21 pg/dl to 
357 ± 70.75 (Figure 3A) (31%; Figure 3B) 
at 10 min, and to 361.59 ± 11 pg/dl (Figure 
3A) (32 %; Figure 3B) at 60 min compared 
with control group. Increased ghrelin level 
by Quinpirole was prevented by atropine 
pretreatment (Fig. 3A). 

Figure 1: Representative photomicrograph of transverse section showing the intra-VMH 
injection. Representative position of the injection cannula is indicated by an arrowhead.
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Discussion

Plasma ghrelin concentration fluctuates with 
feeding status (i.e., hunger vs. satiety). Existing 
literature demonstrates the ghrelin action on 
regulation of both normal and cue-driven 
feeding through the midbrain dopaminergic 
system. Ghrelin and hunger state augment 
dopamine release, thereby increasing food 
seeking behaviour [22-24]. Moreover, cue-
associated dopamine release has been shown to 
trigger ghrelin release and increase its plasma 
level [6]. However, it is unknown whether the 
hypothalamic dopamine projections would 
physiologically affect homeostatic regulators of 
energy including ghrelin? 

Normal function of dopaminergic 
neurotransmission has been shown to be essential 
for feeding and survival [25]. It is now clear that 
any abnormality involving the dopaminergic 
system will be reflected by changes in feeding 
behavior. Pervious pharmacological studies 
demonstrated that dopamine D2 agonists inhibit 

food intake by the action on hypothalamic 
neuropeptide Y. It has also been observed that D1 
and D2 receptors synergize to inhibit feeding in 
healthy and diabetic rats and that a combination 
of D1/D2 receptor agonists are needed to alleviate 
obesity [26]. In contrast, adult Drd2-/- mice 
(D2R knockout mice), hypothalamic low D2 
receptor expression and D2 receptor blockade 
by Sulpiride or antipsychotics were associated 
with a hyperphagic response that were found 
only in obese rats [15,27]. This supports the 
idea that abnormal dopaminergic transmission 
is involved in the pathogenesis of hyperphagia 
during obesity. Even though the hypophagic 
effects of dopamine receptor agonists have 
been characterized, it has been reported 
that Quinpirole (D2-like receptor agonist) 
administration produces a complex behavioral 
effect, decreasing palatable food consumption 
while it enhances the ingestion of standard food 
in rats [28]. Also Salimi, et al. observed that 
activation of D2 receptors of paraventricular 
nucleus (PVN) increases food intake and intra-

Figure 2: Effect of VMH injection of the D2 receptor Agonist (Quinpirole; 0.5 µg) and D2 receptor antagonist (Sulpiride; 0.005 μg) on plasma ghrelin 
concentrations in 20-h fasted rats. A: the ghrelin secretion pattern over time (a period of 1 h) following microinjection of Saline, Quinpirole (0.5 µg) and 
Sulpiride (0.005 μg) into the VMH. B: Comparative time-dependent ghrelin concentration changes as percentage between groups (n=6). Each point 
represents mean ± SEM. ***: P<0.001 and **: P<0. 01 compared with VMH saline-injected controls.

Figure 3: Effect of atropine pretreatment (1 mg s.c. at time point -30 min) on plasma ghrelin concentrations in control and drugs groups (D2 receptor 
agonist /antagonist) of 20-h fasted rats. A: Time course of plasma ghrelin concentrations in control and drugs groups B: Comparative time-dependent 
ghrelin concentration changes as percentage between groups (n=6). Each point represents mean ±SEM. ***: P<0.001 and **: P<0. 01 compared with 
VMH saline-injected controls.
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PVN microinjection of sulpiride decreases food 
intake by blocking D2 receptors in this area [29]. 
Taken together, increasing studies demonstrated 
that modulation of the hypothalamic dopamine 
receptor activity induced significant changes 
on food intake [17,9,10,12,28,30,31]. 
Nevertheless, the mechanism by which 
hypothalamic dopaminergic pathways control 
energy balance remains as an open question. It 
seems that metabolic circuit, especially variations 
in hyperphagic or hyporphagic peripheral signals 
play a critical role in the regulation of eating 
behavior [32]. In this regard, in the present 
study, we investigated whether modifying 
effect of the hypothalamic D2 receptors on 
energy balance may be mediated through the 
regulation of ghrelin secretion. We provide in 
this work first evidence for an important role 
of the hypothalamic dopamine signaling in 
the regulation of ghrelin plasma levels via the 
connection in which activation of D2 receptors 
in the VMH increases ghrelin concentration. We 
also found that the stimulatory effect of dopamine 
D2 receptors on plasma ghrelin concentration 
is markedly blocked by the pretreatment with 
atropine. 

The metabolic role of the dopaminergic system 
and its interaction with ghrelin has been reported 
in previous studies [24,33-35]. The importance 
of this interaction in the energy control center 
is highlighted by a co-localization of growth 
hormone secretagouge receptore-1A and D2 
receptors in the hypothalamus [36]. Actually, 
a significant point of our study is the fact that 
dopamine has a role outside of the classical 
pathway in which it regulates ghrelin level 
possibly via a two-way link between dopamine 
signaling and ghrelin.

Hypothalamic regions impli cated in ghrelin 
signaling, lateral and ventromedial hypothalamic 
nuclei as well as arcuate nucleus, form neuro-
circuits with the reward pathways that is likely 
to be important in integrating feeding control 
[33]. Tracing studies show that neurons in 
the ventral tegmental area (VTA) receive 
projections from hypothalamus and infusion of 
ghrelin into the lateral hypothalamus or directly 
into regions related to pleasure, reward and 
motivation stimulates VTA neurons, causing 
release of dopamine [34]. Also, DA projections 
to hypothalamus are implicated in homeostatic 
regulation of food intake. These data establish 
a physiological role of hypothalamic dopamine 
signaling in stimulating ghrelin secretion. 
Nevertheless, future studies are needed to 

elucidate which hypothalamic neuronal 
populations and neurotransmitters are involved 
in ghrelin secretion. 

The vagovagal circuitry within the dorsal 
vagal complex (DVC) via descending inputs 
from the lateral hypothalamus, PVN, VMH, 
and arcuate nuclei constitutes the primary 
means whereby higher centers exert a direct 
influence over gastrointestinal function [37-40]. 
Furthermore, the ventromedial hypothalamus 
elicits anorexigenic and orexigenic signals to 
paraventricular nucleus and lateral hypothalamic 
nucleus, and then lateral hypothalamic nucleus 
exerts a direct pathway to dorsal motor nucleus. 
These lead to efferent output via the dorsal motor 
nucleus of the vagus, which activates the vagus 
nerve to store energy [32,39].

In this context, we found the possibility that 
dopamine-containing projections to the DVC 
may also play a role in the central regulation 
of ghrelin release. This is based on the fact that 
administration of D2 receptor agonist induced a 
vagal cholinergic-dependent increase in plasma 
ghrelin levels and peripheral pretreatment of 
atropine markedly suppressed this effect. A 
relationship between vagus nerve activity and 
ghrelin release has also been reported in previous 
studies. For example, it has been demonstrated 
that the rise of ghrelin levels in fasted condition 
is mediated via the vagal nerve connections to 
the stomach mucosa [41]. Hosoda, et al. and 
Williams, et al. reported that vagal-induced 
elevation of plasma ghrelin in fasting completely 
is suppressed by subdiaphragmatic vagotomy 
or atropine pretreatment, and this result was 
mimicked by treatment with the atropine 
[42,43]. More directly, cholinergic agonists 
or antagonists increase or reduce circulating 
ghrelin levels in humans, respectively [44,45]. 
Additionally, vagal-cholinergic (muscarinic) 
activation can stimulate gastric ghrelin gene 
expression and ghrelin secretion [46]. Since 
in the present study, atropine was peripherally 
injected, acetylcholine receptors in other regions 
modulating appetite and perhaps in reward 
centers of brain might also be involved in the 
regulation of ghrelin secretion. For example, there 
are few data that reveal muscarinic acetylcholine 
receptors (M3 receptors) in the hypothalamus 
are mainly targets for obesity and food intake. 
The lack of M3 receptors have been reported to 
protect against some forms of obesity as well as 
to ameliorate impairments in glucose and energy 
homeostasis [47,48]. Furthermore, the blockade 
of muscarinic acetylcholine receptors in the 
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ventral tegmental area could disrupt food-related 
learning in rats [49].

Together, our results suggest that the 
hypothalamic dopamine signaling might follow 
a mechanism through which vagal outflow to the 
gastric system is increased and results in enhanced 
ghrelin secretion, although further studies are 
needed to assess the mechanism (s) involved in 
the hypothalamic dopamine regulation of food 
intake.

Conclusion

Collectively, these findings suggest that dopamine 
is a physiological regulator of ghrelin release and 
support the role of hypothalamic dopamine-
vagal efferent activation in stimulating ghrelin 

secretion. It also seems that dopamine signaling, 
cholinergic pathway and ghrelin secretion make 
a straight pathway and any point blockade of the 
pathway may interrupt orexigenic action of the 
hypothalamic dopamine.
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