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Abstract
Rationale The endogenous opioid and corticotropin-
releasing hormone (CRH) systems, present in the central
amygdala (CeA), are implicated in alcohol consumption.
Objectives The purpose of this study is to investigate the
hypothesis that, in CeA, alcohol stimulates CRH release,
which then stimulates β-endorphin release.
Materials and methods Rats were unilaterally implanted
with a guide cannula to aim microdialysis probes in CeA.
Experiment 1: rats received an intraperitoneal (IP)
injection of various ethanol doses (0.0, 2.0, 2.4, or
2.8 g ethanol/kg body weight) and microdialysates were
sampled at 30-min intervals to determine the effects over
time of acute alcohol on the extracellular CRH concen-
trations in CeA. Experiment 2: phosphate-buffered saline,
CRH, or CRH receptor (CRHR) antagonists (antalarmin or
anti-sauvagine-30) was microinjected into CeA followed by a
saline or 2.8 g/kg ethanol IP injection to determine the effects
of CRHR activation or blockade in CeA on the basal and
alcohol-stimulated release of β-endorphin. CRH and β-

endorphin dialysate contents were determined using specific
radioimmunoassays.
Results Acute alcohol induced a delayed increase in the
extracellular CRH levels in CeA. Behavioural data
showed no difference in locomotion between alcohol-
and saline-treated rats. However, a transient increase in
grooming was observed which did not correspond with
alcohol-induced changes in CRH. Local CRH micro-
injections increased the extracellular β-endorphin con-
centrations in CeA. CRHR1 and CRHR2 blockade with
microinjections of antalarmin and anti-sauvagine-30,
respectively, attenuated the alcohol-induced increase of
extracellular β-endorphin in CeA.
Conclusions Acute alcohol exerts indirect actions on CRH
release and induced interactions of the CRH and β-
endorphin systems in CeA.
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ANOVA Analysis of variance
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CRH Corticotropin-releasing hormone
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CRHR2 Corticotropin-releasing hormone receptors type 2
DG Dentate gyrus
INJ Injection
IP Intraperitoneal
LH Lateral hypothalamus
MicroINJ Microinjection
PBS Phosphate-buffered saline
PIR Piriform cortex
RIA Radioimmunoassay

Introduction

Alcohol abuse involves multiple brain neurotransmitter and
neuropeptide systems (Cowen et al. 2004; Koob 2009;
Koob and Volkow 2009). Among these, the endogenous
opioid and the corticotropin-releasing hormone (CRH)
systems have been demonstrated to influence alcohol
consumption in rodent models of alcohol abuse. In
addition, the activity of both opioid and CRH peptides is
altered by alcohol consumption in distinct brain regions
including the central amygdala (CeA), effects suggesting
the possibility of an interaction between the opioid and
CRH systems in mediating some of the effects of alcohol
(Funk et al. 2006; Heyser et al. 1999; Lam et al. 2008).

The endogenous opioid system consists of the opioid
peptide ligands enkephalin (Hughes et al. 1975a, b), dynorphin
(Goldstein et al. 1979) and β-endorphin (Bradbury et al.
1976) and the μ-, δ- and κ-opioid receptors (Lord et al. 1977;
Martin et al. 1976). The β-endorphin peptide binds with
equal affinity with the μ- and δ-opioid receptors (Chang
and Chang 1983; Garzon et al. 1983). Several animal
studies using opioid receptor antagonists have indicated a
role of the endogenous opioid system in alcohol con-
sumption (Altshuler et al. 1980; Froehlich et al. 1990). As
well, on the basis of several clinical studies, the opioid
receptor antagonist naltrexone has been established as a
drug treatment for alcohol abuse and dependence in
humans (O’Malley et al. 1992; Volpicelli et al. 1992).
Moreover, the endogenous opioid system at the level of
CeA has been implicated in alcohol consumption (Criado
and Morales 2000; Heyser et al. 1999; Kang-Park et al.
2007; Lam et al. 2008).

The CRH system localised in the hypothalamus is a
critical component of the hypothalamic–pituitary–adrenal
axis stress response (Charmandari et al. 2005). In
addition to the hypothalamic CRH, several studies have
demonstrated the presence of extrahypothalamic CRH in
numerous brain regions including CeA, which could act
locally as a neuromodulator (Merchenthaler et al. 1982;
Vale et al. 1981). The presence of both CRH receptor
type 1 (CRHR1) and type 2 (CRHR2) has been

demonstrated in the CeA (Chalmers et al. 1995). In
addition, CRH has been demonstrated to stimulate β-
endorphin release at the level of the pituitary gland
(Keith et al. 1986; Vale et al. 1981). As well, in vitro
studies using dissected hypothalamus from mice demon-
strated that CRH stimulated β-endorphin release (de
Waele and Gianoulakis 1993). Thus, both the endogenous
opioid and CRH systems are present in CeA and have
been implicated in alcohol consumption, suggesting a
possible interaction between the CRH and β-endorphin
systems at the level of CeA in response to alcohol
exposure. However, to the best of our knowledge, there
are no published reports on the effects of acute systemic
alcohol administration on the CeA CRH and its possible
interactions with the CeA β-endorphin.

Thus, the objectives of the current study were to
investigate the hypotheses that (1) acute alcohol treat-
ment would stimulate a dose- and time-dependent
increase in CRH release in CeA and alter the behavioural
activity of the rats; (2) local application of CRH at the
level of CeA by microinjection would increase the
extracellular concentrations of β-endorphin and (3)
microinjection of the selective CRHR1 and CRHR2
antagonists, antalarmin and anti-sauvagine-30, respectively,
would attenuate the alcohol-induced increase in β-
endorphin release in CeA. To test these hypotheses, rats
received microinjections in CeA of either phosphate-
buffered saline (PBS), or 0.25 μg of one of the
following: CRH, antalarmin or anti-sauvagine-30, fol-
lowed by a systemic intraperitoneal (IP) injection of
either saline or various doses of ethanol 5 min later.
Dialysate samples were collected from the CeA using the
technique of in vivo microdialysis and changes in
extracellular CRH and β-endorphin levels were estimated
with solid-phase radioimmunoassays (RIA). Changes in
locomotor and grooming behaviours were scored from
video recordings of the microdialysis sessions.

Materials and methods

Animals

Adult alcohol-naïve male Sprague–Dawley rats weighing
approximately 250 g on arrival to the animal facility were
used (Charles River, St.-Constant, QC). Rats were individ-
ually housed in cages in a temperature-regulated environ-
ment on a 12-h light–dark cycle (0800 lights on). Food and
water were available ad libitum. Principles of laboratory
animal care were followed in accordance with McGill
University’s Policy on the handling and treatment of
laboratory animals and the guidelines of the Canadian
Council on Animal Care.
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Guide cannula implantation

Surgical implantation of the guide cannulae was per-
formed as described previously (Lam et al. 2008) 1 to
2 weeks after the rats arrived at the animal facility. Briefly,
the guide cannula (15 mm shaft length, Bioanalytical
Systems, West Lafayette, IN) was unilaterally implanted
above the CeA according to established coordinates
(−2.3 mm anteroposterior from bregma, 4.0 mm medio-
lateral from the midline and 7.4 mm dorsoventral from the
dura).

In vivo microdialysis experiments

After 3 to 5 days of post-surgical recovery, rats were
placed in the same type of black, plastic containers as
those used for microdialysis (diameter, 31 cm and
height, 30 cm) on three separate occasions and were
habituated to experimenter handling and IP injections
using saline. The microdialysis setup and experiments
have been previously described (Lam et al. 2008;
Marinelli et al. 2003). In brief, on the evening before the
experiment the microdialysis probe was implanted and
artificial cerebral spinal fluid was pumped at a rate of
0.2 μl/min overnight. On the morning of the microdialysis
session, the flow rate was increased to 2.0 μl/min and
following a 2-h equilibration period dialysate samples
were collected at 30-min intervals.

Experiment 1: effects of acute alcohol on extracellular CRH
in CeA and on behavioural activity

The effects of alcohol on extracellular CRH concen-
trations were tested using in vivo microdialysis experi-
ments consisting of IP injections of either saline or
various doses of ethanol (2.0, 2.4 and 2.8 g ethanol/kg
body weight) (Lam et al. 2008). The choice of the ethanol
doses was based on previously published studies on β-
endorphin release (Lam et al. 2008) and pilot studies
indicating no effect on CRH release in response to ethanol
doses lower than 2.0 g/kg. Microdialysate samples were
collected from the CeA at 30 min intervals before and after
IP injections. Samples were quickly frozen on dry ice and
were stored at −70°C.

During the microdialysis experiments, the rat’s behaviour
in response to treatments with saline or the various doses of
ethanol were recorded with a video camcorder (Panasonic)
and later scored by an observer blind to the experimental
treatments (Paul et al. 2007). For locomotor activity
scoring, the microdialysis cage floor was divided into four
quadrants and scores were given for each 5-s time interval
the rat spent ambulating across quadrant boundaries.
Grooming activity scores were given for each 5-s interval

the rats spent engaged in repetitive brushing movement of
the paws or nose.

Experiment 2: effects of local application of CRH or CRHR
antagonists on alcohol-induced increases in extracellular
β-endorphin levels in CeA

The effects of activation or blockade of CRHR1 and
CRHR2 were also tested via microdialysis experiments
consisting of microinjections in CeA of a total volume of
0.5 μl of either 0.25 μg CRH (Phoenix Pharmaceuticals,
Burlingame, CA), 0.25 μg antalarmin hydrochloride
(Sigma-Aldrich, St Louis, MO) or 0.25 μg anti-
sauvagine-30 (Phoenix Pharmaceuticals) using a syringe
pump at a rate of 0.5 μl/min (Harvard Apparatus,
Holliston, MA, USA) with a Hamilton gas tight syringe
(Hamilton, Reno, NV) connected by fluorinated ethylene
propylene tubing to the microinjection port on the
microdialysis probe. All microinjected compounds were
dissolved in 0.5× PBS. The dose of 0.25 μg of CRH,
antalarmin and anti-sauvagine-30 was chosen based on
pilot studies using a range of doses from 0.25 to 0.35 μg
for each compound. In the pilot experiments all doses of
CRH used induced a 130% increase or higher in the
extracellular concentration of β-endorphin in CeA. The
lowest dose of CRH used (0.25 μg) which fulfilled the
set criteria (at least a 130% increase of extracellular β-
endorphin concentration) was chosen for the remaining
experiments. The pilot experiments in the current study
on groups receiving antalarmin or anti-sauvagine-30
microinjection in CeA followed by IP injection of
ethanol (2.8 g/kg) demonstrated that both doses of the
CRHR antagonists (0.25 and 0.35 μg) produced compa-
rable effects on the alcohol-induced changes in extracel-
lular β-endorphin concentrations (data not shown). The
dose of 0.25 μg was chosen for the remaining experi-
ments since previous studies demonstrated that this dose
produced consistent behavioural responses (Heinrichs and
Joppa 2001; Robison et al. 2004). Control animals
received microinjection of 0.5 μl of PBS. At 5 min post-
microinjection, an IP injection of either saline or 2.8 g/kg
ethanol (previously been shown to induce the maximum
increase in the extracellular concentrations of β-
endorphin) was given (Lam et al. 2008). Microdialysate
samples were collected from the CeA at 30-min intervals
before and after the IP injection, quickly frozen on dry ice
and were stored at −70°C.

Anatomical confirmation of probe placement

At the end of the microdialysis experiments, rats were
euthanized in a CO2 chamber. Brains were removed, snap
frozen in isopentane and kept at −70°C. Coronal brain
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slices (40 μm) were obtained using a cryostat. Photomicro-
graphs of coronal sections showing the cannula and probe
tract were taken with a Canon A620 digital camera in
macro mode and the appropriate coronal diagram taken
from The Rat Brain Atlas (Paxinos and Watson 1996) was
superimposed onto the photomicrograph by computer
software (Bert et al. 2004).

Solid-phase radioimmunoassay

The concentrations of immunoreactiveβ-endorphin and CRH
peptides in the dialysate were determined by solid-phase RIA
as previously described (Lam et al. 2010; Olive et al. 2001),
using polyclonal antibodies for β-endorphin (Gianoulakis
and Gupta 1986) and CRH (Bachem/Peninsula Laboratories,
Torrance, CA). The specificity of the β-endorphin antibody
was previously reported (Gianoulakis and Gupta 1986) and
of the CRH antibody was provided by Bachem/Peninsula
and presented 100% cross reactivity with rat CRH and 5%
with sauvagine. The RIA detection limits for both CRH and
β-endorphin were 0.5 pg/well and the IC50 values were
51.81±9.46 and 19.75±2.58 pg, respectively. The intra- and
inter-assay coefficients of variance of the RIAs were,
respectively, 8.04% and 19.86% for CRH and 8.79% and
12.63% for β-endorphin.

Statistical analysis

The data obtained from the RIAs were in picograms per
50 μl dialysate. To compare the effects of the treatments on
the concentrations of β-endorphin or CRH in the dialysate,
the data were expressed as a percent change from the
baseline with the CRH or β-endorphin concentration in the
dialysate immediately prior to the microinjection or IP
injection serving as the 100% baseline value. Mixed two-
and three-way analysis of variance (ANOVA) were per-
formed to examine the effects of various treatments on
extracellular CRH and β-endorphin concentrations. Simple
effects and Tukey’s honestly significant difference tests
were used as post hoc tests. All statistical analyses were
performed using Datasim (PC). The data presented in the
figures (GraphPad Prism) are expressed as mean±SEM.
Statistical significance was set at p<0.05.

Results

Histological confirmation of probe placement

Figure 1a presents a photomicrograph of a representative
coronal brain section showing the neuroanatomical location
of the microdialysis cannula and probe membrane in the
CeA. Rounded bars indicate the location of microdialysis

probe membrane implanted in CeA from multiple rats
from which the data were used for statistical analysis
(Fig. 1b). The criterion for inclusion in the data analysis
was that approximately 50% or more of the active
membrane should fall inside CeA. In experiments 1 and
2, data from seven and four animals, respectively, were
excluded from statistical analysis due to the active
membrane showing localization mostly or exclusively
outside of CeA boundaries.

Experiment 1: effects of acute alcohol on the extracellular
concentrations of CRH in CeA and on behavioural changes

The baseline concentration of CRH in the dialysate
samples collected from the CeA was obtained by
calculating the mean CRH concentration in the dialysate
samples collected immediately prior to the IP injection of
all animals used for the statistical analysis and was found
to be 157.8±17.68 pg/50 μl of dialysate.

Effects of the various doses of ethanol and saline on the
extracellular concentrations of CRH are shown in Fig. 2a–c.
A two-way ANOVA on the percent change data revealed a
significant main effect of dose [F(3,29)=3.43, p<0.05] and
time [F(6,174)=7.61, p<0.0001], but did not reveal a
significant interaction of dose × time (p>0.05). The
significant main effect of dose was further analysed using
post hoc tests and revealed that the mean concentrations of
CRH in dialysates following the IP injections of 2.4 and
2.8 g/kg ethanol collapsed over all time points (154.7±14.49
and 145.7±9.60, respectively) were significantly higher than
those following the saline IP injection (106.8±3.03; p<
0.05). Post hoc tests conducted on the main effect of time
collapsed over dose revealed that following the IP injection
of 2.4 and 2.8 g/kg ethanol the extracellular CRH concen-
trations were significantly elevated from baseline at 120, 150
and 180 min post-IP injection (Fig. 2b, c; p<0.05).

Prior to the treatments, the locomotor and grooming
activities of the rats were minimal because this period
corresponded with the animals’ sleep phase, therefore
locomotor (Fig. 3a–c) and grooming (Fig. 3d–f) activity
scores are presented from 30-min post-injection onwards. A
two-way ANOVA on the locomotor activity scores over all
time points (Fig. 3a–c) revealed a significant main effect of
time [F(5,150)=26.63, p<0.0001]; however, it did not
reveal a significant main effect of dose or an interaction of
dose × time (p>0.05). A two-way ANOVA on the
grooming activity scores over all time points (Fig. 3d–f)
revealed a significant main effect of time [F(5,140)=12.78,
p<0.0001] and a significant interaction of dose × time
[F(15,140)=1.76, p<0.05]; however, it did not reveal a
significant main effect of dose. The significant interaction of
dose × time was further analysed with post hoc tests and
revealed that the rats treated with 2.0 and 2.8 g/kg ethanol
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showed higher grooming activity at 30-min post-injection
compared to those treated with saline at the same time point
(Fig. 3d, f; p<0.05). In addition, post hoc tests revealed that
rats treated with 2.4 g/kg body ethanol showed higher
grooming activity at 60-min post-injection compared to those
treated with saline at the same time point (Fig. 3e; p<0.05).

Experiment 2: effects of local application of CRH or CRHR
antagonists on the alcohol-induced increase
in the extracellular β-endorphin levels in CeA

The baseline concentration of dialysate β-endorphin collected
from the CeA was obtained by calculating its mean
concentration in the dialysate samples collected immediately
prior to the microinjection of all animals used for the statistical
analysis and was found to be 2,235±174.7 pg/50 μl of
dialysate.

Figure 4 shows the changes in the extracellular concen-
trations of β-endorphin in CeA following the microinjection
of either CRH or PBS followed 5 min later by an IP saline
injection. A two-way ANOVA revealed a significant main

effect of dose [F(1,13)=13.76, p<0.01], time [F(6,78)=4.57,
p<0.001] and a significant interaction of dose × time
[F(13,78)=4.21, p<0.01]. Post hoc tests revealed that
following the CRH microinjection the dialysate β-
endorphin concentrations at 30, 60, 90 and 120 min were
significantly elevated from the corresponding baseline levels
(p<0.05) and at 30, 60, 90, 120 and 180 min the dialysate β-
endorphin concentrations were significantly higher than the
concentrations at the same time points following the PBS
microinjection (p<0.05).

Figure 5 shows the response of β-endorphin to the IP
injection of either 2.8 g/kg ethanol or saline administered
5 min following the microinjection of PBS at the level of
CeA. A two-way ANOVA on the percent change data
revealed a significant main effect of dose [F(1,15)=23.69,
p<0.001] and a significant interaction of dose × time
[F(6,90)=2.24, p<0.05], but did not reveal a significant main
effect of time (p>0.05). Post hoc tests revealed that the
dialysate β-endorphin concentrations at 60, 90, 120, 150 and
180 min post-ethanol were significantly higher than the
concentrations after the IP saline treatment (p<0.05).

Fig. 1 Neuroanatomical verification of the microdialysis probe
membrane placement. a The schematic coronal diagram based on
the rat brain atlas (Paxinos and Watson 1996) was superimposed on a
photomicrograph of a typical coronal brain section showing the active
membrane of the microdialysis probe located in the central amygdala.
Arrowheads indicate the site of the microdialysis probe membrane. b
Coronal diagrams showing sites of active probe membrane location in
the central amygdala of the rats from which statistical analysis on the

data were performed. Grey rounded bars indicate location of the
microdialysis probe membrane from multiple rats. Numbers indicate
anterior–posterior position from bregma. Abbreviation of brain
structures: 3V third ventricle, BLA basolateral nucleus of amygdala,
BSTIA bed nucleus of the stria terminalis intra-amygdaloid division,
CA3 field CA3 of hippocampus, CeA central amygdala, CPU caudate
putamen, DG dentate gyrus, LH lateral hypothalamus, PIR piriform
cortex
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Microinjection of antalarmin, a CRHR1-selective antag-
onist, 5 min prior to the IP injection of 2.8 g/kg ethanol

attenuated the increases in the extracellular β-endorphin
concentrations observed in the animals that received a
microinjection of PBS followed by the IP injection of 2.8 g/kg
ethanol (Fig. 6a). A three-way ANOVA revealed a
significant interaction between microinjection × IP
injection treatments [F(1,25)=14.89, p<0.05]; however,
it did not reveal any other significant main or interaction
effects of other factors (p>0.05). The significant interac-
tion between microinjection × IP injection treatments was
further analysed with post hoc tests and revealed that the
CeA β-endorphin response was significantly lower in
animals microinjected with antalarmin followed 5 min
later by an IP injection of 2.8 g/kg ethanol than animals
microinjected with PBS followed 5 min later by an IP
injection of 2.8 g/kg ethanol (Fig. 6a; p<0.05). In addition,
post hoc tests did not reveal a significant difference in the
CeA β-endorphin response between animals microinjected
with PBS followed 5 min later by a saline IP injection and
animals microinjected with antalarmin followed 5 min later
by a saline IP injection (Fig. 6b; p>0.05).

Microinjection of anti-sauvagine-30, a CRHR2-selective
antagonist, 5 min prior to the IP injection of 2.8 g/kg
ethanol also attenuated the increases in the extracellular β-
endorphin concentrations observed in the animals that
received a microinjection of PBS followed by the IP
injection of 2.8 g/kg ethanol (Fig. 7a). A three-way
ANOVA revealed a significant main effect of the microin-
jection treatment [F(1,6)=5.37, (p<0.05)], a significant
interaction between IP injection × microinjection treatments
[F(1,6)=9.27, (p<0.05)] and a significant interaction
between IP injection × microinjection × time [F(6,162)=
2.47, (p<0.05)]. The significant IP injection × microinjec-
tion × time was further analysed with post hoc tests and
revealed that from 60 to 180 min the CeA β-endorphin
response was significantly attenuated in animals micro-
injected with anti-sauvagine-30 followed 5 min later by an
IP injection of 2.8 g/kg ethanol compared to animals
microinjected with PBS followed by an IP injection of
2.8 g/kg ethanol (Fig. 7a; p<0.05). In addition, post hoc
tests did not reveal significant differences between animals
microinjected with PBS followed 5 min later by an IP
injection of saline compared to animals microinjected with
anti-sauvagine-30 followed 5 min later by an IP injection of
saline (Fig. 7b; p<0.05).

Discussion

The current study demonstrated that acute systemic admin-
istration of various doses of alcohol induced a delayed
increase in the extracellular concentrations of CRH at the
level of CeA, an effect suggesting indirect actions of
alcohol on the CeA CRH system. Although both the 2.4

Fig. 2 Effects of IP injection of a 2.0, b 2.4 and c 2.8 g ethanol/kg
body weight compared to the effect of saline on the dialysate CRH
concentrations in CeA expressed as a percent change of the baseline. n
number of rats in each dose group. Arrow indicates the time of the
intraperitoneal (IP) injection. Cross indicates significant difference
from saline control at the same time point (p<0.05); asterisks
indicates significant difference from the baseline value of the same
dose group (p<0.05)
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and 2.8 g/kg ethanol doses induced a significant increase in
extracellular CRH concentrations in CeA, the 2.8 g/kg
ethanol dose was chosen in experiment 2 so that a

maximum increase of extracellular β-endorphin concen-
trations could make the effect of the CRH antagonists more
apparent. In addition, the changes in extracellular CRH in

Fig. 3 Effects of IP injection of a, d 2.0, b, e 2.4 and c, f 2.8 g
ethanol/kg body weight compared to the effect of saline on locomotor
(a–c) and grooming (d–f) activity scores of the rats used for

microdialysis. n number of rats in each dose group. Cross indicates
significant difference from saline control at the same time point (p<
0.05)
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response to alcohol were specific to the CeA whereby
animals in which microdialysis probes were located beyond
the boundaries of CeA did not show an increase in CRH
response (data not shown). Moreover, activation of CRH
receptors at the level of CeA by CRH microinjection
significantly enhanced the extracellular concentrations of
β-endorphin in CeA. Furthermore, blocking either CRHR1

with antalarmin or CRHR2 with anti-sauvagine-30 in CeA
significantly attenuated the alcohol-induced increase in the
extracellular β-endorphin levels. These results suggest an
interaction of acute alcohol exposure with both the CRH
and β-endorphin systems at the level of CeA.

The pattern of β-endorphin release at the level of CeA in
response to the 2.8 g/kg ethanol dose observed in the
current study is in accordance with that observed in the
previous microdialysis studies investigating the interactions
of acute alcohol with opioid peptides in CeA (Lam et al.
2008). However, in the current study, the maximum
increase in the extracellular β-endorphin levels was lower
compared to the previous microdialysis study. This differ-
ence in the magnitude could be due to the use of
microdialysis probes with 1 mm membrane in the current
study compared to 2 mm membrane in the previous study.

Fig. 6 A total volume of 0.5 μl of either phosphate-buffered saline
(PBS) or 0.25 μg of antalarmin, a corticotropin-releasing hormone
receptor type 1 antagonist, was microinjected into the central
amygdala 5 min prior to an intraperitoneal (IP) injection of a 2.8 g
ethanol/kg body weight or b saline, and the concentrations of β-
endorphin in dialysates from CeA were determined. Data are
expressed as percent change of baseline. Arrows indicate time of
microinjection (microINJ) and of intraperitoneal injection (IP INJ). n
number of rats in each treatment group. Cross indicates significant
group difference from the group receiving PBS microinjection and IP
injection of 2.8 gethanol/kg body weight (p<0.05)

Fig. 5 Effects of phosphate-buffered saline (PBS) microinjection into
the central amygdala (CeA) followed by an intraperitoneal (IP)
injection of 2.8 g ethanol/kg body weight or saline on dialysate β-
endorphin content expressed as percent change of baseline. Arrows
indicate the time of microinjection (microINJ) and intraperitoneal
injection (IP INJ). n number of rats in each treatment group. Cross
indicates significant difference from the group receiving the PBS
microinjection and IP saline injection at the same time points (p<0.05)

Fig. 4 Effects of phosphate-buffered saline (PBS) or corticotropin-
releasing hormone (CRH) peptide microinjections into the central
amygdala followed by an intraperitoneal (IP) injection of saline on the
dialysate β-endorphin content expressed as percent change of
baseline. Arrows indicate the time of the PBS or CRH microinjection
(microINJ) and of the intraperitoneal saline injection (IP INJ). n
number of rats in each treatment group. Cross indicates significant
difference from the group receiving the PBS microinjection and IP
saline injection at the same time points (p<0.05); asterisks indicates
significant difference from the baseline value of the same treatment
group (p<0.05)
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The results in the current microdialysis studies suggest that
the CRH system at the level of CeA could modulate local β-
endorphin release in response to acute alcohol. Previous in
vitro studies using extracted hypothalamus perifused with an
ethanol-containing solution demonstrated that (1) acute alco-
hol could stimulate CRH release at the level of the hypothal-
amus and (2) CRH could stimulate hypothalamic β-endorphin
release (de Waele and Gianoulakis 1993). Together, these
findings provide support that acute alcohol could stimulate
CRH release, which could subsequently stimulate β-
endorphin release. In vitro studies have shown that low
concentrations ofβ-endorphin could stimulate CRH release in
the hypothalamus, while high β-endorphin concentrations
inhibited CRH release (Buckingham 1986). Subsequent in

vitro studies have demonstrated that β-endorphin could
interact with the μ- but not with the δ-opioid receptors to
stimulate hypothalamic CRH release (Buckingham and
Cooper 1986). Since μ-opioid receptors are present in
CeA, it may be speculated that the initial increase of β-
endorphin in response to alcohol could stimulate CRH
release which could stimulate a further increase of β-
endorphin leading to high concentrations of β-endorphin
which then could inhibit CRH release. Therefore, the
microinjections of the CRHR antagonists in the current
studies could attenuate the initial and sustained alcohol-
induced β-endorphin release.

The behavioural data in these experiments showed that
there is an initial increase of locomotor activity immedi-
ately after either the alcohol or the saline IP injections,
followed by a general decrease of locomotor activity over
time. The absence of differences in locomotor activity
between the ethanol- and saline-treated rats may be due to
the fact that the study was performed during the rat’s sleep
cycle. Therefore, following the initial activation of loco-
motion due to handling and IP injection (0 to 30 min) all
the animals presented very low levels of locomotion for the
next period (30–60 min) as well as the remaining time (60–
180 min). If the study was performed during the rat’s wake
cycle, the locomotor activity of the saline-treated rats would
have been greater than that of the alcohol-treated animals
and would indicate the presence of alcohol-induced
sedation. Since other tests of sedation such as loss of
righting reflex were not performed (Sato et al. 2005), the
presence of some sedating effects of alcohol in the current
studies cannot be excluded. Behavioural effects of alcohol
were clearly demonstrated in the current study when
grooming activity was examined. Studies have shown that
systemic injections of SKF 38393, a dopamine 1 receptor
(D1) agonist, induced grooming in a naloxone-sensitive
manner (Stoessl 1994). Thus, acute alcohol-induced
increases in extracellular DA and opioids in brain regions
such as the NAC (Imperato and Di Chiara 1986; Marinelli
et al. 2005; Marinelli et al. 2003) could mediate the
alcohol-induced increase in grooming activity observed
following all doses of alcohol. The initial transient increase
of grooming activity in the alcohol but not saline-treated
rats, corresponds with the ascending limb of the blood
alcohol concentration–time curve (Lam et al. 2008), a time
when the increase in NAC DA activity is observed
(Imperato and Di Chiara 1986). However, comparing the
profiles of the alcohol-induced changes in behavioural
activities with those in extracellular CRH and β-
endorphin concentrations in CeA, it was evident that there
was no correspondence between the increases in the
extracellular CRH and β-endorphin concentrations in CeA
and the increase in grooming. Further behavioural studies
are required to determine whether changes in extracellular

Fig. 7 A total volume of 0.5 μl of either phosphate-buffered
saline (PBS) or 0.25 μg of anti-sauvagine-30, a corticotropin-
releasing hormone receptor type 2 antagonist, was microinjected
into the central amygdala 5 min prior to an intraperitoneal (IP)
injection of a 2.8 gethanol/kg body weight or b saline, and the
concentrations of β-endorphin in dialysates from CeA were
determined. Data are expressed as percent change of baseline.
Arrows indicate time of microinjection (microINJ) and of intraper-
itoneal injection (IP INJ). n number of rats in each treatment group.
Cross indicates significant difference from the group receiving PBS
microinjection and IP injection of 2.8 gethanol/kg body weight at
the same time points (p<0.05)

Psychopharmacology (2011) 218:229–239 237



CRH and β-endorphin concentrations in CeA in response
to acute ethanol could be associated with changes in
anxiety or stress levels.

The in vivo microdialysis technique allows the monitor-
ing of neuropeptide level changes in distinct brain regions
of awake and freely moving animals by collecting micro-
dialysate samples at several time points prior to and
following specific treatments (Kendrick 1990). However,
the low recovery rates of peptides using the microdialysis
technique coupled with solid-phase RIA pose some
limitations on the detection limits of CRH and β-
endorphin peptides making it necessary to collect dialysate
samples at 30-min intervals, thus decreasing the temporal
resolution (Maidment et al. 1989; Maidment et al. 1991).
Nevertheless, previous studies using the in vivo micro-
dialysis technique and 20 to 30 min sample collection
intervals have demonstrated changes in the extracellular
concentrations of CRH and β-endorphin peptides at the
level of CeA (Lam et al. 2008; Merlo-Pich et al. 1995;
Richter et al. 2000). Thus, the microdialysis technique can
be used to effectively detect changes in the extracellular
neuropeptide concentrations in the CeA in response to
alcohol or other treatments.

In summary, the present study demonstrated that acute
alcohol could stimulate β-endorphin release and indirectly
stimulate CRH release in CeA, while local CRH microinjec-
tion resulted in increased β-endorphin release in CeA.
Furthermore, the alcohol-induced increase in the extracellular
concentrations of β-endorphin in CeA could be significantly
attenuated by blocking CRHR1 with antalarmin and CRHR2
with anti-sauvagine-30. Therefore, interactions between the
CRH and β-endorphin systems at the level of CeA following
acute alcohol administration may be important in mediating
some of the pharmacological effects of alcohol at the level of
the brain.
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