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Abstract
Nucleus accumbens mu-opioid receptor activation can strongly stimulate intake of high-fat food in
satiated rats, and one of the mechanisms involves activation of lateral hypothalamic orexin
neurons and orexin receptor-1 signaling in the mesolimbic dopamine system. Here, we tested the
potential contribution of NPY/Y1R and α-MSH/MC3/4R-signaling to accumbens-induced high-fat
feeding. Prior administration of the selective Y1R antagonist 1229U91 or the MC3/4R agonist
MTII into the lateral ventricle (LV) dose-dependently decreased high-fat intake induced by
nucleus accumbens injection of the mu-opioid receptor agonist DAMGO. Both drugs also
decreased high-fat feeding induced by switching rats from regular chow to high-fat diet, but less
efficiently than when DAMGO-induced. Administration of 1229U91 directly into the PVH also
suppressed DAMGO-induced high-fat intake, but a higher dose was required. The results suggest
that NPY/Y1R signaling in the PVH and other forebrain sites is necessary for accumbens
DAMGO to elicit high-fat intake, and that forebrain MC3/4R signaling can suppress it.

Introduction
The rewarding aspect of food is thought to be an important factor contributing to increased
energy consumption and prevalence of obesity in the modern world, but the mechanisms of
reward-driven eating are not well understood. Chemical manipulation of the nucleus
accumbens has been demonstrated to induce strong feeding responses in rats (Kelley, 2004).
Activation of nucleus accumbens mu-opioid receptors with DAMGO selectively increases
intake of fat but not carbohydrate when given a choice (Zhang et al., 1998; Zhang and
Kelley, 2000) and this happens even in rats previously satiated on the same high-fat diet
(Zheng et al., 2007). Furthermore, chronic suppression of nucleus accumbens mu-opioid
receptors attenuates intake of palatable food and diet-induced obesity, suggesting that
endogenous MOR signaling in this brain area is required for the full effect of high-fat diet to
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induce obesity (Lenard et al., 2010). Therefore, the accumbens DAMGO paradigm is an
excellent model for studying reward-driven food intake.

Previous research indicated that DAMGO-induced high-fat intake depends on normal
functioning of a number of brain areas including the lateral and dorsomedial hypothalamus,
the ventral tegmental area in the midbrain, and the NTS in the caudal brainstem (Will et al.,
2003; Zheng et al., 2007). Of particular interest are projections from the nucleus accumbens
to the hypothalamus (Groenewegen and Russchen, 1984; Otake and Nakamura, 2000; Sano
and Yokoi, 2007; Usuda et al., 1998), as they might provide a link between hedonic and
homeostatic regulatory circuits (Berthoud, 2007). In a series of experiments, we and others
have shown that DAMGO administration to the nucleus accumbens preferentially activates
lateral hypothalamic orexin neurons and that blocking orexin receptor-1 signaling in the
ventral tegmental area almost completely abolishes the DAMGO effect on fat intake (Zheng
et al., 2007). Together with the observations that ICV orexin administration preferentially
enhances fat intake in a choice situation (Clegg et al., 2002) and that orexin administration
to the ventral tegmental area (VTA) excites dopamine neurons (Borgland et al., 2006), these
findings suggest that an accumbens-hypothalamic pathway recruiting orexin neurons might
be crucial for reward-driven food intake.

However, direct and indirect projections from the nucleus accumbens are not exclusively
directed to orexin neurons - we have previously shown a functional connection with arcuate
nucleus NPY and POMC neurons (Zheng et al., 2003), and chow intake induced by
GABAA-agonist administration to the nucleus accumbens shell was blocked by
pretreatment of the third ventricle with a selective Y1R antagonist (Stratford and
Wirtshafter, 2004). Therefore, the aim of the present study was to examine the role of Y1R
and MC3/4R signaling in high-fat diet intake induced by nucleus accumbens administration
of DAMGO.

Materials and Methods
Animals and housing

Adult male Sprague Dawley rats (Harlan Industries, Indianapolis, IN) weighing 280 – 320 g
at the time of surgery were housed individually in hanging wire mesh cages in a climate
controlled room (22±2°C) on a 12:12 h light cycle with lights on at 0700 h and lights off at
1900 h. Food and water were available ad libitum except as specified below. All
experimental protocols were approved by the Institutional Animal Care and Use Committee
(Pennington Biomedical Research Center) and were conducted in compliance with USDA
regulations and APS principles for research involving animals.

Implantation and verification of chronic injection cannulas
Rats were anesthetized with ketamine/acepromazine/ xylazine (80/1.6/5.4 mg/kg, s.c.) and
given atropine (1mg/kg, i.p.). Bilateral 24 GA stainless steel guide cannulas were aimed
either at the medial nucleus accumbens core (AP: 1.2 mm, ML: 1.5 mm, DV: − 7.4 mm) or
at the nucleus accumbens shell (AP: 1.2 mm, ML: 1.0mm, DV: − 7.4mm) and in some rats
an additional unilateral cannula was aimed at the right lateral ventricle (AP: 0.9 mm; ML:
1.6 mm; DV: −3.5 mm) or bilateral cannulas at the paraventricular nucleus of the
hypothalamus (AP: −1.8 mm; ML: 0.5 mm; DV: −8.0 mm). Twelve to fifteen days were
allowed for recovery from surgery, at which time animals were given one saline injection
with 31 GA injectors extending 2.5 mm beyond the tip of guide cannulas for intra-
accumbens and PVH injections and 0.6mm for lateral ventricle injections to avoid potential
side effects of initial penetration to the injection site on the behavioral response.
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Lateral ventricular cannulas for the Y1R antagonist experiments were verified by injecting
angiotensin II (15 ng/3µl saline; Sigma, St Louis,MO) and measuring water intake. Only rats
that drank with a latency < 5 min at least 5 ml of water in 30 min were used for the study.
For MTII experiments, only rats that suppressed high-fat intake at least 30% by the highest
dose (0.5 nmol/3µl saline) were used for analysis, and one rat failed this criterion.
Accumbens and PVH injection sites were histologically verified after injection of a blue dye
(Chicago Blue, Sigma)at the end of the experiments (Fig. 7).

Experimental protocol and measurement of food intake
Three experiments were carried out in separate groups of rats. The effect of the Y1R-
antagonist 1229U91 injected into the lateral ventricle was tested in Experiment 1, and its
effect when injected into the PVH was tested in Experiment 2. The effect of the MC3/4R
agonist MTII was tested in Experiment 3. The effect of the ligands on palatability contrast-
induced high-fat intake and on DAMGO-induced high-fat intake was measured in separate
trials in the same animals in Experiment 1 and different animals in Experiment 3 (Fig. 1).

Rats maintained on regular lab chow were trained to eat high-fat diet (60% energy from fat,
D12492, Research Diets, New Brunswick, NJ) for 2h every other day between 9:00 and
11:00 during recovery from surgery. On experimental days, chow was replaced with high-fat
diet for 1 h from 09:00 to 10:00. Thirty minutes later, high-fat diet was made available again
for 2 h (Fig. 1). To assess the effects of the ligands on palatability contrast-induced high-fat
intake, rats were administered 1229U91 (0, 0.5, 1.0, or 10.0 µg/3 µl; Experiment 1) or MTII
(0, 0.02, 0.1, 0.5 nmol/3µl; Experiment 3), with saline as control, into the lateral ventricle,
15 minutes before access to the high-fat diet for 1 h. The Y1R antagonist 1229U91 and
MTII (both from Sigma) were dissolved in sterile saline.

To assess the effects of the ligands on DAMGO-induced high-fat intake, rats were pre-
satiated for one hour on high-fat diet and then pretreated with either 1229U91 (0, 0.5, 1.0
µg/3 µl) into the lateral ventricle (Experiment 1) or 1229U91 (2 × 0, 0.5, 2.5 µg/300 nL)
bilaterally into the PVH (Experiment 2), or MTII (0, 0.02, 0.5 nmol/3µl) into the lateral
ventricle (Experiment 3). Fifteen min later, DAMGO (0 or 0.25µg/500 nL) was injected into
the nucleus accumbens, and 2 h high-fat intake was measured.

All injections were made over a period of 1 min and the injector was left in place for an
additional 1 min to prevent backflow. In Experiments 1 and 2, each rat received all
combinations of treatments with 3–5 days between tests. In Experiment 3, separate groups of
rats served for the assessment of MTII effects on palatability contrast and DAMGO-induced
fat intake. Within each group, each rat received all treatment combinations and doses, with
4–5 days between tests. To prevent receptor desensitization with repeated DAMGO
injections we minimized the exposure to DAMGO to a given injection site by injecting it
unilaterally and alternating between left and right accumbens. Previous studies in our
laboratory showed that unilateral (+ 6.2 g on average) and bilateral (+ 5.8 g) injection of
DAMGO into the medial core of the nucleus accumbens produced similar effects (Lenard et
al., 2010; Zheng et al., 2007). Furthermore, left and right injections of DAMGO into the
medial core also produced similar effects [left: + 6.4 + 0.4 g; right: + 6.0 + 0.4 g, n = 22;
(Lenard et al., 2010)]

Statistical analysis
The effects of the Y1R antagonist on high-fat intake were analyzed as follows: one-way
ANOVA for palatability contrast-induced intake, and repeated measure ANOVA for
DAMGO-induced intake. The effects of Y1R antagonist on percent of suppression of high-
fat intake was analyzed with two-way ANOVA. Direct comparisons were made after
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ANOVA with either Tuckey’s or Bonferroni’s multiple comparison tests. Significance level
was set at p < 0.05.

Results
1. Experiment 1: Effects of Y1R antagonist 1229U91 injected into the lateral ventricle

During the first 1-h access to high-fat diet (after ad lib access to regular chow), rats typically
consumed about 7–8 g across experiments, whether there was prior injection of saline into
the lateral ventricle or no injection. This palatability contrast-induced high-fat intake was
dose-dependently decreased by prior injection of 1229U91 (F[3,31] = 11.1, P < 0.001; Fig.
2A). The two lower doses (0.5 and 1.0 µg) did not have a significant effect, but the highest
dose (10µg) reduced 1-h high fat intake significantly (P < 0.01) by about 70%.

During the 2-h period following pre-satiation, rats consumed very little (< 1g) additional
high-fat diet when they received vehicle into the lateral ventricle and saline into the nucleus
accumbens (Fig. 2B). However, injection of DAMGO in LV vehicle-pretreated rats induced
another highly significant (P < 0.01) bout of high-fat intake of 8.3 ± 1.2 g. This response
was dose-dependently reduced by LV pretreatment with 1229U91 (F[2,20] = 13.2, P <
0.001). Even the lowest dose (0.5µg) reduced accumbens-induced intake by more than 50%,
and the 1 µg dose abolished it completely. Injection of 1229U91 (1µg) in rats with saline
injected into the NAcb did not have a significant effect on the low baseline intake. No
adverse behavioral effects of the antagonist were noted at any dose.

Direct comparison of the relative suppression of high-fat intake by 1229U91 showed that
DAMGO-induced intake was about 10-fold, significantly more sensitive to the blocker than
palatability contrast-induced intake (F[2,48] = 27.9, P <0.0001), with an estimated ED50 of
~0.3 µg and 3.0 µg, respectively (Fig. 4)

2. Experiment 2: Effects of Y1R antagonist 1229U91 injected into the PVH
As in Experiment 1, rats consumed about 8g of high-fat diet during the 1-h pre-satiation
period in the absence of any treatment (Fig. 3A), and in this experiment we did not assess
the effect of 1229U91 on this palatability contrast-induced eating. And again, under vehicle/
saline conditions these fully satiated rats consumed little additional high-fat diet, while
under vehicle/DAMGO conditions they consumed another large amount (P < 0.01) of high-
fat diet (Fig. 3B). Pretreatment of the PVH with the lower dose (0.5µg) of 1229U91 had no
significant effect, but the higher dose (2.5µg) decreased high-fat intake by about 50%.
Compared to lateral ventricular administration, PVH administration of 1229U91 was
significantly less potent in suppressing DAMGO-induced high-fat intake (P < 0.001), with
an estimated ED50 of ~1.5 µg, similar to the potency for suppression of palatability
contrast-induced high-fat intake (Fig. 4).

3. Experiment 3: Effects of MC3/4R agonist MTII injected into the lateral ventricle
The magnitude of the 1-h palatability contrast-induced high-fat intake was similar to the
other experiments and was dose-dependently reduced by LV pretreatment with MTII (Fig.
5A). The highest dose (0.5 nmol) significantly (P < 0.01) reduced 1-h intake by about 77%.

During the 2-h period following pre-satiation, rats consumed very little (< 1g) additional
high-fat diet when they received saline into the lateral ventricle and nucleus accumbens (Fig.
5B). Unilateral injection of DAMGO into the NAcb induced a significant feeding response
(P < 0.01) of about 4g that was dose-dependently decreased by LV pretreatment with MTII.
The high dose of MTII (0.5 nmol completely abolished DAMGO-induced intake.
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Direct comparison of the relative suppression of high-fat intake by MTII showed that
DAMGO-induced intake was significantly more sensitive to the blocker than palatability
contrast-induced intake (F[3,28] = 16.8, P <0.001), with an estimated ED50 of < 0.01 µg
and ~0.05 µg, respectively (Fig. 6). However, because the DAMGO-induced feeding
response was only about half of the palatability contrast-induced response, the absolute
suppression by the two MTII doses was similar for the two conditions.

Discussion
Reward-driven food intake is thought to play an important role in the increased prevalence
of obesity around the globe, but the underlying neural mechanisms are far from clear. The
easy availability of energy-dense and often fat-rich tasty foods together with ever-present
cues associated with such foods is suspected to lead to hyperphagia and eventually body
weight gain in many susceptible individuals. Here we use a rat model, capitalizing on the
strong stimulation of fatty foods by chemically manipulating the nucleus accumbens, a key
area in reward functions, to shed light on the underlying neural mechanisms and pathways.

We find that the strong accumbens-induced feeding response is dose-dependently reduced
by either inhibiting endogenous Y1R-signaling or by stimulating MC3/4 melanocortin
receptor-signaling in the forebrain. Both manipulations also inhibit feeding in response to
switching chow-maintained rats to palatable high-fat diet, but less efficiently. Furthermore,
in an attempt to localize a critical site of Y1R signaling, we found that although accumbens-
induced high-fat feeding was reduced by bilateral antagonist injection into the
paraventricular nucleus of the hypothalamus, a higher dose was required to obtain the same
suppression. We conclude that endogenous Y1R signaling in forebrain areas that may
include the PVH is a necessary downstream signaling step for the accumbens-induced high-
fat feeding response as well as for the “natural” palatability contrast-induced response. In
addition, the MTII effects suggest that although reward-driven eating can override satiety
signals, it is no match for artificially stimulated melanocortin-signaling at the MC3/4
receptor.

The pioneering work of Ann E. Kelly and her colleagues has brought to light the crucial role
of the nucleus accumbens in food reward mechanisms (for a review of much of her work see
(Baldo and Kelley, 2007; Kelley et al., 2002). Using a model with limited accessibility of
high-fat diet only during 3-h daily test sessions, they showed that mu-opioid receptor
stimulation within the nucleus accumbens selectively enhances intake of high-fat food
(Zhang et al., 1998). Even rats preferring high-carbohydrate diet over high-fat diet under
basal conditions and even 24-h food-deprived rats showed a preferential increase in high-fat
diet after accumbens DAMGO administration (Zhang et al., 1998). The effect of DAMGO
was remarkably strong with some rats eating in excess of 17g (~100 Kcal),or about 80% of
their daily need of high-fat diet within one hour (Zhang et al., 1998). Opioid stimulation of a
subarea of the nucleus accumbens also increases the hedonic impact of taste or ‘liking’
(Pecina and Berridge, 2000; Pecina and Berridge, 2005; Pecina, 2008), as measured in the
taste-reactivity test (Grill and Norgren, 1978). Furthermore, increased mu-opioid signaling
in the nucleus accumbens has been shown to selectively enhance consumption of preferred
palatable foods exclusively on flavor cues (Woolley et al., 2006; Woolley et al., 2007).
Together, as suggested by Ann Kelley: “We hypothesize that opioid-mediated mechanisms
within the ventral striatal medium spiny neurons mediate the affective or hedonic response
to food (‘liking’ or food ‘pleasure’) and “that they encode positive affect induced by tasty
and/or calorically dense foods (such as sugar and fat), and promotes behaviors associated
with this enhanced palatability. It is proposed that this brain mechanism was beneficial in
evolutionary development for ensuring the consumption of relatively scarce, high-energy
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food sources. However, in modern times, with unlimited supplies of high-calorie food, it has
contributed to the present epidemic of obesity” (Kelley et al., 2002), p 265).

Given these credentials and the robustness of the feeding response, we used it as a model for
reward-driven palatable food intake and have begun “dissecting” its effector pathways. We
and others have identified one effector pathway involving lateral hypothalamic orexin
neurons with projections to the ventral tegmental area (Baldo et al., 2004; Zheng, 2007) and
a role for these orexin projections for behavior selection by integrating metabolic, external,
and emotional information is emerging (Adamantidis and de Lecea, 2009; Boutrel et al.,
2009; Harris et al., 2005). However, there are undoubtedly other effector pathways as
indicated by studies looking at accumbens DAMGO-induced neural activation (Zhang and
Kelley, 2000) and the effect of neural inhibition in some of these areas (Will et al., 2003).
Within the hypothalamus, other than orexin-expressing neurons in the perifornical,
dorsomedial, medial preoptic, and supramammillary nuclei are activated by DAMGO
(Zhang and Kelley, 2000; Zheng, 2007).

NPY/AGRP- and POMC/CART-expressing neurons in the arcuate nucleus have been shown
to play key roles in the control of food intake and homeostatic regulation of body weight,
but the downstream neural network leading to the behavioral, autonomic, and endocrine
effects is less well defined. Specifically, the relationship between these metabolically driven
effector pathways with reward-driven pathways for elaboration of ingestive behavior are not
known. Here we show that DAMGO-induced high-fat intake can be completely abolished by
lateral ventricular pretreatment with a specific Y1R antagonist, suggesting that downstream
Y1R-signaling in areas accessible to lateral ventricular diffusion of the drug is necessary for
the DAMGO effect.

To better distinguish DAMGO-induced from palatability contrast-induced high-fat intake,
we modified the Kelley protocol by adding a 1-h pre-satiation period, so that the control
intake during the following DAMGO-test period is negligible, and we assessed the effect of
the Y1R antagonist separately, on both periods. The results indicate that the DAMGO-
induced was more sensitive than the palatability contrast-induced high-fat diet intake, which
is presumably mediated by endogenous opioid release in the nucleus accumbens (Will et al.,
2007). Several interpretations for this differential sensitivity to Y1R blockade are possible. It
could simply reflect the difference in satiation and the presence of satiety factors; NPY-
signaling is expected to be lower and suppressible by a lower dose of antagonist after the 1-h
pre-satiation period. To further investigate this possibility, an additional condition with
DAMGO-administration in continuously high-fat fed rats should be helpful. Alternatively,
the site of natural opioid-signaling during the palatability contrast-induced response is likely
different from the site affected by DAMGO and could therefore activate different effector
pathways.

To narrow down the potential site(s) of Y1R antagonism, we injected the blocker bilaterally
into the PVH, as this nucleus was shown to be a major recipient of arcuate nucleus NPY
projections. The rationale for implicating a specific brain site for drug action is that the dose
required for an effect should be considerably lower than when the drug is injected into the
brain ventricles. This was not the case for our Y1R antagonist injections, suggesting that
although the PVH may participate, other, unidentified areas, that are accessible to diffusion
from the lateral ventricle, are more important for the blockade of DAMGO-induced high-fat
intake.

The importance of hypothalamic POMC neurons in the control of food intake and energy
balance has been well established (Schwartz, 2001). Stimulation of MC3/4R-signaling with
the natural ligand α-MSH can reduce food intake acutely (McMinn et al., 2000) and its
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stable analog MTII can inhibit food intake and body weight gain for longer periods, even
when rats are fed a palatable diet (Hamilton and Doods, 2002). However, compared to
normal chow diet, the anorexic effect of intracerebroventricular MTII is reduced in rats fed
high-fat diet (Clegg et al., 2003), and when meal initiation is learned by presenting food in
scheduled meals (Benoit et al., 2003). This latter observation suggests that cognitively
driven food intake may be partially resistant to melanocortin-induced anorexia, and we
wanted to see whether this is also the case for reward-driven food intake.

Although we did not directly compare intake of regular chow and high-fat diet, our results
show that MTII very potently suppressed intake of high-fat diet, whether it was driven
naturally or by opioid-stimulation of the nucleus accumbens. Even our lowest dose of 20
pmol reduced DAMGO-induced high-fat intake by about 50%, and the highest dose of 0.5
nmol completely abolished it. Compared with other studies (Benoit et al., 2003; Hagan et al.,
2000; Hansen et al., 2005; Thiele et al., 1998), these are among the lowest doses of MTII to
produce a given decrease in food intake.

As for Y1R antagonism, palatability contrast-induced high-fat intake was slightly less
sensitive to MC3/4 agonism with MTII than DAMGO-induced high-fat intake when
considering relative suppression. Absolute suppression of intake by MTII was, however,
similar. Previous research has clearly demonstrated that MTII is more potent to inhibit food
intake in food-restricted rats fed a high-fat diet compared with ad libitum fed rats (Benoit et
al., 2003). Therefore, one would expect that during the palatability-contrast-induced 1-h
period, when they were deprived of high-fat diet, our rats would be more, rather than less,
sensitive to MTII. That this was not the case may have several explanations. One
explanation is that the site of natural opioid-signaling during the palatability contrast-
induced response is likely different from the site affected by DAMGO and could therefore
activate different effector pathways, differentially affected by MTII.

Unlike for the Y1R-antagonist experiments, where endogenous signaling is blocked,
artificially stimulating the MC3/4R with exogenous MTII, does not allow conclusions
regarding the mechanism of interaction between the two (MTII and DAMGO)
manipulations. We can conclude that the melanocortin pathway is dominant over
palatability-driven intake, but it remains to be determined where in the brain these opposing
influences come together to determine intake.

In conclusion, both Y1R antagonism and MC3/4 agonism are very effective in counteracting
reward-driven intake of palatable high-fat diet, at least in the acute situation. More
challenging longer-term experiments are needed to demonstrate usefulness of these two
neuropeptide signaling pathways in potential drug therapies to fight obesity.
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Fig. 1.
Schematic overview of experimental design. Rats had ad libitum access to regular chow,
except for the two test periods when high-fat diet intake was measured. The effects of the
Y1R and MC3/4R receptor ligands injected into the lateral ventricle (LV) or paraventricular
hypothalamus (PVH) on high-fat intake induced by the palatability contrast or by nucleus
accumbens DAMGO administration were measured on separate test days.
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Fig. 2.
Effect of Y1R antagonist 1229U91 injected into the lateral ventricle (LV) on high-fat intake
induced by palatability contrast (switching from chow to high-fat diet, A) or induced by
DAMGO injection into the nucleus accumbens (NAcb, B). A: Rats were administered
different doses of 1229U91 into the LV in random order and 1-h intake of high-fat diet was
measured. B: The same rats were allowed to eat high-fat diet for 1 h as in A (without
blocker administration) and were then administered different doses of 1229U91 into the LV
and 15 minutes later DAMGO or saline into the NAcb; 2-h intake of high-fat diet was then
measured. Bars that do not share the same letter are significantly (P < 0.05) different from
each other (based on ANOVA followed by Bonferroni-adjusted multiple comparisons.
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Fig. 3.
Effect of Y1R antagonist 1229U91 injected into the paraventricular nucleus of the
hypothalamus (PVH) on high-fat intake induced by DAMGO injection into the nucleus
accumbens (NAcb, B). A: 1-h intake of high-fat diet induced by palatability contrast (no
blocker administered). B: The same rats were then administered different doses of 1229U91
into the LV and 15 minutes later DAMGO or saline into the NAcb, and 2-h intake of high-
fat diet was measured. Bars that do not share the same letter are significantly (P < 0.05)
different from each other (based on ANOVA followed by Bonferroni-adjusted multiple
comparisons.
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Fig. 4.
Relative suppression of DAMGO-induced (circles) and palatability contrast-induced
(triangles) high-fat intake with different doses of Y1R antagonist 1229U91 administered
either into the lateral ventricle (LV, open symbols) or the paraventricular nucleus of the
hypothalamus (PVH, closed circles). LV administration of the antagonist was significantly
more potent in suppressing DAMGO-induced intake compared with PVH administration
and with palatability contrast-induced intake. * P < 0.05 compared with both other
conditions (based on ANOVA followed by Bonferroni-adjusted preplanned comparisons).
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Fig. 5.
Effect of MC3/4R agonist MTII injected into the lateral ventricle (LV) on high-fat intake
induced by palatability contrast (switching from chow to high-fat diet, A) or induced by
DAMGO injection into the nucleus accumbens (NAcb, B). A: Rats were administered
different doses of MTII into the LV in random order and 1-h intake of high-fat diet was
measured. B: A separate group of rats was allowed to eat high-fat diet for 1 h as in A
(without blocker administration) and were then administered different doses of MTII into
the LV and 15 minutes later DAMGO or saline into the NAcb; 2-h intake of high-fat diet
was then measured. Bars that do not share the same letter are significantly (P < 0.05)
different from each other (based on ANOVA followed by Bonferroni-adjusted multiple
comparisons.
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Fig. 6.
Relative suppression of DAMGO-induced (circles) and palatability contrast-induced
(triangles) high-fat intake with different doses of MC3/4R agonist MTII administered into
the lateral ventricle. MTII was significantly more potent to suppress DAMGO-induced high-
fat intake compared with palatability contrast-induced intake. * P < 0.05 (based on ANOVA
followed by Bonferroni-adjusted preplanned comparisons).
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Fig. 7.
Summary of histological verification of injection sites. A: Injection sites in the nucleus
accumbens core for Experiment 2 with PVH injection of the Y1R antagonist (filled circles),
and in the nucleus accumbens shell for Experiment 3 with LV injections of the MC3/4R
agonist MTII (open circles). B: Injection sites in the PVH.

Zheng et al. Page 16

Brain Res. Author manuscript; available in PMC 2011 September 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


