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Abstract
Background—The Melanocortin (MC) peptides and opiod peptide β-endorphin are cleaved
from the polypeptide precursor proopiomelanocortin (POMC). POMC-derived peptides are
generated by extensive post-translational processing that involves several enzymes including
prohormome convertase 1/3 and 2 (PC1/3 and PC2). Because ethanol decreases POMC mRNA
levels, we determined if exposure to an ethanol-containing diet (ED) would significantly reduce
central immunoreactivity of POMC, PC1/3, PC2 and β-endorphin.

Methods—Male Sprague-Dawley rats were given 18 days of access to a normal rodent chow or a
control diet (CD), or short-term (4 days) or long term (18 days) access to an ED. At the end of the
study, rats were perfused with 4% paraformaldehyde and their brains were sectioned into sets for
processing with POMC, PC1/3, PC2 and β-endorphin immunoreactivity (IR).

Results—Rats exposed to an ethanol containing diet for 18 days (ED18) exhibited significant
reductions of POMC and PC1/3 IR in the arcuate nucleus of the hypothalamus (Arc) relative to
rats pair-fed a control diet (CD). On the other hand, rats exposed to an ethanol containing diet did
not show any changes of central β-endorphin or PC2 IR relative to rats pair-fed a CD, regardless
of length of exposure. Because there were no differences in body weights or caloric intake
between the CD and ED groups, reductions of POMC and PC1/3 IR in ED-treated rats are best
explain by ethanol exposure rather than altered energy balance.

Conclusions—The present study shows that ethanol site-specifically reduces POMC and PC1/3
IR in rat brain. These observations are consistent with ethanol-induced reductions of α-MSH and
POMC IR that were previously reported. Since MC agonists have been shown to blunt ethanol
intake in rodents, exogenous MC receptor agonists, as well as targets that may increase the
synthesis of endogenous α-MSH (e.g. PC1/3) may have therapeutic value for treating alcohol
abuse disorders and alcoholism.
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Introduction
The polypeptide precursor pro-opiomelanocortin (POMC) gives rise to β-endorphin, an
endogenous opioid peptide, and the melanocortin (MC) peptides adrenocorticotropic
hormone (ACTH), α-melanocyte-stimulating hormone (α-MSH), β-MSH, and γ-MSH
(Hadley and Haskell-Luevano, 1999). These peptides are produced by neurons within the
hypothalamic arcuate nucleus (Arc), the nucleus of the solitary tract, and the medulla (Dores
et al., 1986; Hadley and Haskell-Luevano, 1999; Jacobowitz and O’Donohue, 1978;
O’Donohue and Dorsa, 1982).

The MC system has been implicated in the regulation of the neurobiological responses to
drugs of abuse and drug-self-administration. For example, administration of α-MSH into the
ventral tegmental area (VTA) and central infusion of the non-selective MC receptor agonist,
melanotan II (MTII), alter dopamine signaling in the nucleus accumbens (NAc) and the
VTA (Lindblom et al., 2001; 2002). Chronic treatment of a high dose of morphine decreases
MC-4 receptor (MC4R) mRNA in the NAc, the periaqueductal gray, and neostriatum
(Alvaro et al., 1996). Furthermore, chronic treatment with low doses of morphine or cocaine
increases MC4R mRNA in the striatum and the NAc (Hsu et al., 2005). There are several
observations which suggest that the MC system is a prime candidate for regulating
neurobiological responses of ethanol. Central infusion of the MC receptor agonist, MTII,
significantly reduces voluntary ethanol consumption in rats selectively bred for high ethanol
drinking (Ploj et al., 2002). Additionally, intracerebroventricular (i.c.v.) infusion of MTII
reduces ethanol consumption by high ethanol drinking C57BL/6J mice, and MTII-induced
reduction of ethanol drinking is receptor-mediated (Navarro et al., 2003). I.c.v. infusion of a
selective MC4R agonist significantly reduces ethanol intake, while i.c.v. infusion of the non-
selective MCR antagonist AgRP(83–132) significantly increases ethanol drinking, by high
ethanol drinking C57BL/6J mice (Navarro et al., 2005). Consistently, i.c.v. infusion of MTII
fails to blunt ethanol drinking in mutant mice lacking the MC4R, indicating that MCs
modulate ethanol intake via the MC4R (Navarro et al., 2011).

In addition to MC peptides, the POMC-derived opioid neuropeptide, β-endorphin, has been
implicated in the modulation of the neurobiological responses to ethanol (Scanlon et al.,
1992; Froehlich and Li, 1993; Zhou et al., 2000; Gianoulakis, 2001; Rasmussen et al., 2002).
Non-selective opioid receptor antagonists, as well as those selective for the μ or δ opioid
receptors, reduce ethanol consumption (Gianoulakis, 2001) and ethanol intake is reduced in
μ opioid receptor knockout mice (Roberts et al, 2000; Hall et al., 2001). Local
administration of an opioid antagonist into the NAc decreases ethanol consumption and
operant responding for alcohol in rats (Heyser et al., 1999; Hyytiä and Kiianmaa, 2001; June
et al., 2004).

POMC-derived neuropeptides are generated by extensive post-translational processing that
involves several enzymes, including prohormone convertases 1/3 and 2 (PC1/3 and PC2). In
the Arc, POMC is initially cleaved by PC1/3 to generate proACTH and β-lipotrophin.
ProACTH is further cleaved by PC1/3 to N-terminal proopiocortin (N-POC), joining
peptide, and ACTH. PC2 then cleaves ACTH 1–39 to generate ACTH 1–17 and
corticotrophin-like intermediate lobe peptide. Further posttranslational modifications of
ACTH 1–17 result in α-MSH (Benjannet et al., 1991; Thomas et al., 1991), and β-
lipotrophin is further cleaved by PC2 to generate β-endorphin (Liotta et al., 1984).
Interestingly, environmental factors, such as food restriction, can alter the expression of both
POMC and PC1/3. Thus, fasting-induced alterations of α-MSH expression may result, in
part, from alterations of post-translational processing of POMC (Perello et al., 2007).

Navarro et al. Page 2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Ethanol exposure produces direct effects on the expression of POMC (Rasmussen et al.,
1998; 2002; Scanlon et al., 1992; Zhou et al., 2000), β-endorphin (Lam et al., 2010; 2011),
and α-MSH (Navarro et al., 2008; Korare et al., 2008). Ethanol exposure has been shown to
increase (Angelogianni and Gianoulakis, 1993) as well as decrease (Rasmussen et al., 1998;
2002) hypothalamic POMC expression in rats, and to increase (Schulz et al., 1980; Patel and
Pohorecky, 1989), decrease (Przewlocka et al., 1990) or have no effect (Seizinger et al.,
1983; Popp and Erickson, 1998) on β-endorphin levels in the hypothalamus of rats. We have
shown that exposure to an ethanol containing diet leads to a significant reduction of central
α-MSH immunoreactivity in regions of the hypothalamus (the Arc and lateral hypothalamus
(LH)), the extended amygdala (the central amygdala (CeA) and bed nucleus of the stria
terminalis (BNST)) as well as the paraventricular nucleus of the thalamus (PVT) of Sprague-
Dawley rats (Navarro et al., 2008).

Because environmental factors have been shown to alter prohormone convertase activity,
and in light of the observations that ethanol exposure can induce alterations of α-MSH and
β-endorphin activity in the brain, an interesting possibility is that ethanol-induced alterations
of α-MSH and β-endorphin expression are associated with ethanol-induced changes in
PC1/3 and/or PC2 activity. To begin to address this possibility, we used
immunohistochemistry procedures to assess PC1/3, PC2, β-endorphin, and POMC levels in
the brains of rats with a history of ethanol exposure (we previously assessed α-MSH levels
in this tissue in a recent study (Navarro et al., 2008)). Specifically, the present study
determined if short-term (4 days) and/or long-term (18 days) exposure to an ethanol
containing diet would alter the immunoreactivity (IR) of β-endorphin in similar brain
regions that we have found ethanol-induced alterations of α-MSH IR in rat brain (Navarro et
al., 2008).

POMC projections are found in most regions of the central nervous system, however,
perikarya in the forebrain that express POMC mRNA are primarily located in the Arc, where
prohormone convertase processing of POMC-derived neuropeptides occurs (Léger et al.,
1990; Bronstein et al., 1992; Baubet et al., 1994; Givalois et al., 1999). Therefore, in the
present study, POMC, PC1/3, and PC2 IR were evaluated only in the Arc.

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (Charles River, Raleigh, NC, USA) were obtained at 160–180g
and were maintained at 22°C with a 12:12 light/dark cycle. All rats were individually
housed in plastic rat cages with free access to water and food and all the procedures used
were in compliance with the National Institute of Health Guideline and were approved by
the University of North Carolina Institutional Animal Care and Use Committee (IACUC).

Ethanol and Control Diets
The diet was a lactalbumin/dextrose-based, nutritionally complete diet (Dyets, Inc.,
Bethlemen, PA). Dextrose calories in the control diet (CD) were equated with ethanol
calories in the ethanol diet (ED). Rats were habituated to drink CD in the absence of rodent
chow for 2 days (with the exception of the chow control group described below). During the
study, all rats with ED were first habituated with 2 days access to a 4.5% (w/v) ED,
followed by access to a 7% (w/v) ED for an additional 2 or 16 days. A modified pair-feeding
design was used. To equate the caloric intake between groups, the rats maintained on the CD
were give a volume of diet equivalent to the average volume consumed the previous day by
the animals maintained on the ED. Rodent chow was removed from each rat cage during
diets access and rats had access to a second bottle containing tap water all the times.
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Following habituation, rats were distributed to 4 groups matches on body weight (n= 10/
group) so that each group had approximately the same average weight at the beginning of
the study. To control potential effects of diet on the IR, one group of rats was maintained on
normal rodent chow (Chow) for the entire study. A second control group received CD in
place of rodent chow for the duration of the study. A third group was given CD for 14 days,
the 4.5% ED for 2 days, and the 7% ED for 2 days (ED4). A fourth group received the 4.5%
ED for 2 days, followed by the 7% ED for 16 days (group ED18). Rats that experienced a
similar protocol (15 days of access to a 7% ED) achieved blood ethanol concentrations
ranging from 100 mg/dl to 200 mg/dl during the 15 days of access (Overstreet et al., 2002).
Throughout the study, diet intake and body weight measures were recorded daily.

Perfusion, Brain preparation, and Immunohistochemistry (IHC)
Immunohistochemistry procedures are described in Navarro et al., (2008). Briefly, after 4 or
18 days of access to diet, at the end of the dark cycle, rats were perfused in pairs and the
order was counterbalanced by diet condition. Rats remained in their cages and had access to
diet up to the time of perfusions to avoid ethanol withdrawal in the ED groups. All
perfusions were completed within a 5-hour window of time. The brains were collected and
post-fixed in paraformaldehyde for 24 hours at 4°C, at which point they were transferred to
PBS and cut using a vibrotome in to 40μm section for the IHC assay. Sections were evenly
divided into four sets (every-other section) for processing with, β-endorphin, POMC, PC1/3
or PC2 antibodies. After rinsing in fresh PBS 4 times (10 minutes each), tissue sections were
blocked in 10% goat serum and 0.1% triton-X-100 in PBS for 1 hour. Sections were then
transferred to fresh PBS containing primary rabbit anti-PC1/3 or PC2 (Abcam Inc.,
Cambridge, MA; 1:1000), primary rabbit anti-β-endorphin (Chemicon International, Inc.,
Temecula, CA; 1:5000), or chicken anti-POMC (Chemicon International, Inc., Temecula,
CA; 1:5000) for 3 days at 4°C (Navarro et al., 2008). As a control to determine if staining
required the presence of the primary antibodies, some sections were run through the assay
without primary antibody (PC1/3, PC2, β-endorphin or POMC). In each assay described
below, tissue processed without the primary antibody failed to show staining that was
evident in tissue processed with primary antibody. After 3 days of incubation, the sections
were rinsed 4 times and then processed with Vectastain Elite kits (Vector Labs, Inc.,
Burlingame, CA) as per the manufacturer’s instructions for standard ABC/HRP/
diaminobenzidine-based immunohistochemistry. The sections processed for PC1/3, PC2, β-
endorphin or POMC were visualized by reacting the sections with a 3,3′-diamino-benzidine
tetrahydrochloride (DAB, Polysciences, Inc., Warrington, PA) reaction solution containing
0.05% DAB, 0.0005% cobalt, 0.007% nickel ammonium sulfate, and 0.006% hydrogen
peroxide. All sections were mounted on glass slides, air-dried overnight, and cover slipped
for viewing.

Digital images of PC1/3, PC2, β-endorphin and POMC IR were obtained on a Nikon E400
microscope equipped with a Nikon Digital Sight DS-U1 digital camera run with Nikon-
provided software. For analysis, great care was taken to match sections through the same
region of brain and at the same level using anatomic landmarks with the aid of a rat
stereotaxic atlas (Paxinos and Watson, 1986). We have shown previously that quantification
by counting α-MSH positive cell bodies or by measuring the density of α-MSH using Image
J software produced statistically similar results (Navarro et al., 2008). Thus, when specific
cell bodies were evident in the present report we used the cell-body counting method. For
cell counting, all visible cell bodies stained within the defined brain region were counted
manually by an experimenter blinded to group condition. Data from each brain region in an
animal were calculated by taking the average counts from 2 brain slices. Data from each
slice were calculated by taking the average counts from the left and right side of the brain at
the specific brain region of interest. For non-cell body localization of β-endorphin in a given
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brain region, densitometric procedures were used to assess protein levels. Flat-field
corrected digital pictures (8-bit grayscale) were taken using the Digital Sight DS-U1 camera
and density of staining was analyzed using Image J software (Image J, National Institute of
Health, Bethesda, MD) by calculating the percent of the total area examined that showed
signal (cell bodies and processes) relative to a subthreshold background. The size of the
areas that were analyzed was the same between animals and groups. The subthreshold level
for the images was set in such a way that any area without an experimenter defined level of
staining (determined by terminal- and/or soma-positive regions) was given a value of zero
(the same subthreshold level, determined by a condition-blinded experimenter, was used for
all slices within a given region). Anatomically matched pictures of the left and right sides of
the brain were used to produce an average density for each brain region from each slice. In
all cases, quantification of IR data was conducted by an experimenter that was blinded to
group identity.

Data Analyses
All data are presented as mean ± SEM and one-way analyses of variance (ANOVA)
procedures were used for statistical assessment of group differences. Separate ANOVAs
were performed for each brain region scored. If significant differences were found, post hoc
analyses were conducted using the Tukey’s HSD test. P<0.05 (two-tailed) was used as the
level of statistical significance. Because we obtained the same results with or without the
inclusion of the chow-fed group, all groups were included in the analyses.

RESULTS
Body Weights

Analyses of body weight data have been described previously (Navarro et al., 2008). At the
beginning of the study, no differences in body weight were found between the groups
(Chow, 286.6±6.5g; CD, 287±5.7g; ED4, 287.7±4.4; ED18, 287.5±4.8g). While the group
that ate chow for the duration of the study weighed more than groups of rats given access to
liquid diet, importantly, there were no significant differences between the three diet groups
at the end of the study (Chow, 396.5±9.4g; CD, 344.8±5.0g; ED4, 339.9±6.1g; ED18,
326.8±9.1g). Thus, differences in IR are unlikely related to differences related to energy
balance between diet exposed groups.

β-Endorphin IR
We observed β-endorphin IR in regions of the hypothalamus. Figure 1 shows average β-
endorphin in the Arc (Fig. 1A), the LH (Fig. 1B), the dorsomedial hypothalamus (DMH;
Fig. 1C), and the paraventricular nucleus of the hypothalamus (PVN; Fig. 1D). One-way
ANOVAs performed on data from the Arc (F3, 36 = 1.195; p > 0.05), the LH (F3, 36 = 0.609;
p > 0.05), the DMH (F3, 36 = 0.714; p > 0.05), and PVN (F3, 36 = 0.384; p > 0.05) failed to
achieve statistical significance. We also observed β-endorphin IR in the BNST (Fig. 2A) and
the PVT (Fig. 2B). One-way ANOVAs preformed data from the BNST (F3, 36 = 1.055; p >
0.05) and the PVT (F3, 36 = 1.915; p > 0.05) both failed to reach statistical significance.

POMC IR
Data representing the average IR of POMC in the Arc are presented in Fig. 3A, and
represented photomicrographs of POMC IR in the Arc are depicted in Fig. 3B–C. A one-
way ANOVA performed on these data was significant (F3, 36 = 9.850; p < 0.001). Tukey’s
HSD post hoc tests revealed that both groups ED4 and ED18 showed significant lower
POMC IR relative to the Chow group. Relative to the CD group, only the ED18 group
showed decreased POMC IR. We also ran a correlation between the total amount of ethanol

Navarro et al. Page 5

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consumed during the study and the amount of POMC IR. The correlation, r(20) = −0.298, p
= 0.203, was not statistically significant, consistent with the observation that both the ED4
and ED18 groups showed reductions of POMC IR.

PC1/3 and PC2 IR
Data representing the average IR of PC1/3 and PC2 IR in the Arc are presented in Fig. 4A
and B, respectively, and represented photomicrographs of PC1/3 IR in the Arc are depicted
in Fig. 4C–D. A one-way ANOVA performed on PC1/3 IR data was significant (F3, 36 =
6.853; p < 0.001). Tukey’s HSD post hoc tests revealed that the ED18 group showed
significant lower PC1/3 IR relative to the Chow and CD groups. No other group differences
emerged. We ran a correlation between the total amount of ethanol consumed during the
study and the amount of PC1/3 IR. The correlation, r(20) = −0.456, p = 0.043, was
statistically significant, consistent with the observation that the ED18 group exhibited more
robust reductions of PC1/3 than the ED4 group. Finally, a one-way ANOVA performed on
PC2 data did not achieve significance (F3, 36 = 0.944; p > 0.05).

DISCUSSION
The results obtained in the present study show that Sprague-Dawley rats exposed to an
ethanol containing diet for 18 day (ED18) exhibit significant reductions of POMC and
PC1/3 IR in the Arc relative to rats pair-fed a control diet (CD). On the other hand, rats
exposed to an ethanol containing diet do not show any change of central β-endorphin or PC2
IR relative to rats pair-fed a CD, regardless of length of exposure. Importantly, ethanol-
induced reduction of POMC and PC1/3 IR are consistent with ethanol-induced reduction of
α-MSH IR that we have previously reported (Navarro et al., 2008).

There is a converging body of evidence implicating a role for the MC system in the
modulation of neurobiological responses to ethanol, and our group and others have shown
that ethanol exposure and withdrawal from chronic ethanol alter α-MSH IR in the brain
(Rainero et al., 1990; Navarro et al., 2008; Kokare et al., 2008; 2010). The present report, to
the best of our knowledge, provides the first evidence that chronic ethanol exposure
promotes a significant reduction of prohormone convertase activity, specifically, a reduction
of PC1/3. The lack of an influence of ethanol exposure on PC2 IR suggests that the effects
of ethanol are specific to a subset of prohormone convertases. Since PC1/3 is necessary for
the normal processing of α-MSH from the precursor POMC, it is interesting to speculate
that ethanol-induced reduction of α-MSH IR stems for blunted processing of α-MSH from
POMC. This possibility is supported by the high degree of co-expression of PC1/3 and
POMC in the Arc (Helwig et al., 2006). Since ethanol exposure also reduces POMC IR,
blunted α-MSH may also stem from low availability of POMC. Blunted POMC IR in the
present report is consistent with previous findings showing that chronic ethanol exposure
inhibits POMC mRNA in the Arc of rats (Rasmussen et al., 2002).

α-MSH containing cells are prominently seen in the Arc and are known to innervate other
regions of the HT (DMN PVN, LH) as well as the extended amygdala (CeA, BNST) (Cone,
2005). Reductions of α-MSH IR after ethanol exposure were found in the Arc, LH, CeA and
BNST (Navarro et al., 2008). The LH is critical for the expression of drug-seeking
behaviours (Marchant et al., 2009; Di Leone et al., 2003). One of the neuropeptide systems
present in the LH, orexin, has been established to play a role in drug seeking-behavior
(Harris et al., 2005). Interestingly, there is an interaction between the MC and orexin system.
For example, POMC deficient mice (POMC −/−) exhibit a marked increase in orexin mRNA
levels in the LH and α-MSH appears to control the expression of orexins (López et al.,
2007). Thus, it will be interesting in future research to determine if the decrease of POMC
IR after chronic ethanol exposure is associated with changes in orexin levels, and if MC and
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orexin peptides interact in the modulation of ethanol consumption. The CeA was another
area where reductions of α-MSH IR after ethanol exposure were observed (Navarro et al.,
2008). Numerous studies have demonstrated the involvement of the extended amygdala in
mediating the behavioral and physiological responses associated with anxiety (Koob, 2008;
Davis et al., 2010). The MC system has been implicated in ethanol-induced anxiolysis and
withdrawal-induced anxiety (Korare at al., 2006; 2008; 2010). Working with rats, Kokare et
al. (2006), showed that the anxiolytic effect of ethanol was suppressed by i.c.v.
administration of α-MSH. On the other hand, ethanol withdrawal-induced anxiety-like
behavior was blocked by i.c.v. infusion of HS014 (a selective MC4R antagonist). Therefore,
it is possible that ethanol-induced decreases of POMC IR in the Arc and α-MSH in the CeA
could play a role in the anxiolytic action of ethanol. Additional research is needed to address
these questions.

In the present report, while we noted positive β-endorphin IR in several brain regions,
exposure to ethanol diet failed to alter β-endorphin IR. Thus, normal POMC and PC1/3
levels do not appear to be necessary to maintain normal levels of β-endorphin under the
current conditions. These results are in accord with recent data where chronic exposure to
ethanol did not change hypothalamic β-endorphin levels in rats (Leriche and Méndez, 2010),
though previous studies have provided inconsistent results about how ethanol can alter β-
endorphin levels in several regions of the brain. The response of β-endorphin to ethanol
could differ depending of several variables, such as the rodent strain. It has been shown that
in Sprague-Dawley rats, acute administration of ethanol (2.0/2.5 g/kg) increased β-
endorphin levels in the hypothalamus 20 minutes and 1 hour after ethanol exposure (Schulz
et al., 1980; Patel and Pohorecky, 1989). However in Wistar rats, similar doses (2.5g/kg)
decreased β-endorphin content in the hypothalamus 1 hour after ethanol administration
(Leriche and Méndez, 2010). Another variable that can modify the response of β-endorphin
to ethanol is the route of administration. In the present study and others yielding similar
results (Leriche and Mendez, 2010), animals self-administered ethanol and no changes in β-
endorphin were found. However, other studies have reported an increase of β-endorphin in
the hypothalamus after intra-gastric administration (Leriche and Méndez, 2010) or
intraperitoneal injection of ethanol (Schulz et al., 1980; Patel and Pohorecky, 1988). When
taken together, these data suggest that the response of the β-endorphin system to ethanol
could differ depending on the rodent strain (Wistar versus Sprague Dawley), and/or the
experimental protocol (the route of ethanol administration, length of ethanol exposure, time
of testing, etc).

Central MC signaling modulates food intake and body weight (Fan et al., 1997; Huszar et
al., 1997; Marsh et al., 1999; Chen et al., 2000; Schwartz and Wisse, 2000; Cone, 2005). As
has been showed previously (Navarro et al., 2008), in the rats used in the present report there
were no differences in body weight between the groups that received CD versus the groups
that received ED at the end of the study. Additionally, caloric intake between diet groups
was matched throughout the entire study. Thus, reduced PC1/3 and POMC IR cannot be
explained by differences on caloric intake or body weight. These data suggest that
reductions of PC1/3 and POMC in ED-treated groups stem directly from ethanol exposure.

In conclusion, we extend our previous findings by demonstrating that chronic ethanol
exposure promotes decreases of POMC and PC1/3 IR in the Arc, which is consistent with
our previous work showing that chronic ethanol exposure promotes reductions of central α-
MSH IR. Since posttranslational production of α-MSH from POMC requires PC1/3, it is
possible that ethanol-induced blunting of α-MSH IR stems from reduced α-MSH
translation, though reduced availability of POMC is also a possible explanation. Finally,
since MC agonists have been shown to blunt ethanol intake in rodents (Navarro et al., 2003;
2005; 2011), exogenous MC receptor agonists, as well as target that may increase the
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synthesis of endogenous α-MSH (e.g. PC1/3) may have therapeutic value for treating
alcohol abuse disorders and alcoholism.
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Fig. 1.
Quantification of β-endorphin-positive cell bodies (A) in the arcuate nucleus of the
hypothalamus (Arc), and β-endorphin immunoreactivity (% area) in the lateral nucleus of
the hypothalamus (LH) (B), the dorsomedial nucleus of the hypothalamus (DMH) (C), and
the paraventricular nucleus of the hypothalamus (PVN) (D). Groups were given 18 days of
access to normal rodent chow (Chow) or an ethanol-free control diet (CD), or an ethanol diet
for 4 (ED4) or 18 (ED18) days. Values are represented as mean ± SEM.

Navarro et al. Page 12

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Quantification of β-endorphin immunoreactivity (% area) in the bed nucleus of the stria
terminallis (BNST) (A) and paraventricular nucleus of the thalamus (PVT) (B).
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Fig. 3.
Quantification of POMC-positive cell bodies in the arcuate nucleus (Arc) of the
hypothalamus (A). Representative photomicroprahs of 40μm coronal sections showing
POMC immmunoreactivity through the arcuate nucleus of the hypothalamus of rats give 18
days of exposure to the control diet (CD) (B) or the ethanol diet for 18 days (ED18) (C).
Images were photographed and quantified at a magnitude of 10x. Scale bar = [200μm].
There are statistical differences between groups that do not share overlapping lettering (a, b
or c p<0.05)
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Fig. 4.
Quantification of PC1/3 (A) and PC2 (B) -positive cell bodies in the arcuate nucleus of the
hypothalamus (Arc). Representative photomicroprahs of 40μm coronal sections showing
PC1/3 immmunoreactivity through the arcuate nucleus of the hypothalamus of rats give 18
days of exposure to the control diet (CD) (C) or the ethanol diet for 18 days (ED18) (D).
Images were photographed and quantified at a magnitude of 10x. Scale bar = [200μm].
There are statistical differences between groups that do not share overlapping lettering (a or
b p<0.05)
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