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The Wistar–Kyoto (WKY) rat has been proposed as an animal model of depressive behavior and exhibits
hyper-responsiveness to stressful stimulation when compared to other rat strains. We have demonstrated
that WKY rats consume 200% more alcohol under naïve conditions as compared to their outbred
counterparts, Wistar (WIS) rats. The present study was designed to understand the influence of stress and
alcohol consumption on central dopamine type-2 (D2) receptor sites in these two behaviorally distinct rat
strains. The first part of this study examined the effects of chronic stress on alcohol consumption, while the
second part examined the binding of [125I]-Iodosulpiride to D2 receptors in control, stressed or stress and
alcohol co-treated WKY compared to WIS rats. Exposure to chronic stress led to an increase in the amount of
alcohol consumed by both rat strains, with WKY rats consuming significantly more alcohol than WIS rats
with or without stress exposure. Quantitative autoradiography experiments showed that chronic stress
increased D2 receptor binding in the caudate putamen (CPu), nucleus accumbens (NAc), substantia nigra
(SN) and ventral tegmental area (VTA) of WKY rats, and reduced receptor binding in the CPu and SN of WIS
rats. Compared to the stressed animals, WKY rats co-treated with stress and alcohol demonstrated a
reduction in D2 receptor sites in the cell body regions (SN and VTA), while WIS rats showed no changes in
receptor binding. The observed changes in D2 receptor sites may indicate altered DA neurotransmission
following stress and alcohol exposure. Since stressed WKY rats consumed more alcohol, it is possible that
consumption of alcohol reverses the stress-induced D2 receptor alterations in the cell body regions,
suggestive of a self medicating phenotype.
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1. Introduction

Stress has been shown to contribute to the induction of various
psychiatric disorders such as depression and alcohol dependency
(Anisman and Zacharko, 1990). Exposure to stressful life events has
been long associated with increased alcohol use in humans and
psychological stress is a common risk factor for both depression and
alcohol dependence (Volpicelli, 1987; Pettinati, 2004). Clinical studies
demonstrate that treatment with antidepressant drugs reduces
depressive symptoms and drinking in alcoholic patients, suggesting
a similarity in the biological nature and pathways involved in these
two disorders (Brown et al., 1997; Cornelius et al., 1997).

Themesolimbic dopamine (DA) pathway originating in the ventral
tegmental area (VTA) projects to the nucleus accumbens (NAc) and
plays a role in reinforcement or motivational behavior, while the
nigrostriatal DA pathway originating in the substantia nigra (SN)
projects to the dorsal striatum and plays a prominent role in
expression of motor behavior (Fallon and Moore, 1978; Carli et al.,
1985; Carr and White, 1986; Di Chiara and Imperato, 1988). Both
pathways are activated during appetitive behaviors such as feeding,
drinking and copulation, although stimulation of the nigrostriatal
pathway is not as great in magnitude (Hernandez and Hoebel, 1988;
Young et al., 1992, Pfaus et al., 1995; Wilson et al., 1995; Mirenowicz
and Schultz, 1996). DA neurotransmission in the VTA–NAc circuit
plays a major role in defensive responses toward aversive stimuli,
responses toward rewarding stimuli such as alcohol and other drugs
of abuse as well as depression-like behavior in animal models (Di
Chiara and Imperato, 1988; Abercrombie et al., 1989; Imperato et al.,
1991; Yoshimoto et al., 1991; Nestler and Carlezon, 2006). It has been
noted that alterations in reward and motivational processes, at the
level of dopamine DA neurotransmission, may be implicated in both
stress and alcohol dependence (Cabib and Pulglisi-Allegra, 1996;
Wise, 1996). For example, stress has been shown to influence several
behavioral patterns mediated by the DA system, such as locomotor
activity, motivational behavior, sexual activity and sensitization to
drugs of abuse (Cabib et al., 1988; Di Chiara, 1995; Wise, 1996; Pani
et al., 2000). The mesolimbic and nigrostriatal DA neurons respond to
various acute stressors by increasing DA synthesis, release, and
metabolism, while chronic stress has been noted to produce deficits in
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extracellular DA levels (Cabib and Pulglisi-Allegra, 1996; Gambarana
et al., 1999). In turn, DA deficits may lead to failure in coping
mechanisms and behavioral depression under a stressful situation
(Kapur and Mann, 1992). Evidence also indicates that DA neurotrans-
mission plays an important role in the reinforcing effects of alcohol.
For example, local, systemic and self-administration of ethanol
increases extracellular DA levels in the NAc, an area especially
sensitive to rewarding substances (Di Chiara and Imperato, 1988;
Yoshimoto et al., 1991). Pre-treatment with stress increases drug
induced DA release, suggesting a greater level of reward associated
with drug use under stressful conditions (Kalivas and Stewart, 1991).
The mesencephalic DA neurons, especially those projecting from the
VTA to the NAc, are considered to be principal substrates of drug
reinforcement (Nestler, 1992; Wise, 1996). In recent studies micro-
injections of DA type-2 (D2) receptor antagonists into the VTA or NAc
were shown to decrease alcohol responding in rats (Czachowski et al.,
2001; Eiler and June, 2007). Altogether, these studies indicate a role
for D2 receptors in modulating the effects of stress and alcohol on
central DA neurotransmission.

The Wistar–Kyoto (WKY) rat has been proposed as an animal
model of depressive behavior by our laboratory (Paré and Redei,
1993; Tejani-Butt et al., 1994) as well as others (Redei et al., 1994;
Lopez-Rubalcava and Lucki, 2000; Allard et al., 2004). Studies have
noted that WKY rats differ from other strains in their behavioral,
physiological, and neuroendocrine responsiveness to environmental
as well as pharmacological challenges (Redei et al., 1994; Pardon et al.,
2002; Tejani-Butt et al., 2003). For example, WKY rats are hyper-
responsive to stress, as indicated by a greater susceptibility to stress-
ulcers and higher levels of plasma adrenocorticotropic hormone
(ACTH) in response to restraint stress (Redei et al., 1994). Since naïve
WKY rats have a higher density of norepinephrine (NE) transporter
sites in limbic regions compared to control strains (Tejani-Butt et al.,
1994), we hypothesized that increased reuptake of NE into the
presynaptic neuron would decrease synaptic availability and produce
a net deficit of NE in specific brain areas in this rat strain. In support of
this hypothesis, WKY rats demonstrate an attenuated noradrenergic
response to stressful stimulation, as measured by either a reduction in
Fos activation or tyrosine hydroxylase mRNA in the locus coeruleus,
reflecting a lack of an appropriate stress-coping strategy in these
animals (Pardon et al., 2002; Ma and Morilak, 2004). In addition to
disturbances in the noradrenergic system, WKY rats also demonstrate
strain differences in D1 receptor, D2 receptor and DA transporter sites
that are suggestive of reduced basal DA levels in several limbic brain
regions (Jiao et al., 2003; Yaroslavsky et al., 2006; Novick et al., 2008).

WKY rats consume 200% more alcohol over a 24 day experimental
period compared to their out bred counterparts (Jiao et al., 2006).
Since multiple reports suggest an effect of both alcohol and stress on
D2 receptor sites (Cabib et al., 1998; Sari et al., 2006), the present
study investigated the effects of stress–alcohol interactions on D2
receptor binding in WKY compared to WIS rats. The first part of the
study examined the consequence of 24 days of stress on alcohol
consumption in WKY and WIS rats, while the second part used
quantitative autoradiography (QAR) tomeasure the effects of stress or
stress–alcohol co-treatment on the binding of [125I]-Iodosulpiride to
D2 receptors in these two rat strains.

2. Methods

All experimental protocols were reviewed and approved by the
Veterans Medical Center, Perry Point, MD VAH Institutional Review
Committee for the use of animal subjects.

2.1. Animals

Male WIS and WKY rats (230–270 g) were used in this study. Rats
were assigned into control (n=6/strain), stress (n=8/strain) and
stress and alcohol (n=8/strain) groups. All groups were equated on
the basis of body weight. WKY rats were raised at the Veterans
Medical Center, Perry Point, MD from a breeding stock initially
obtained from Charles River Laboratories (Kingston, NY). Animals
were individually housed at 22 °C and placed on a 12-hour light/dark
cycle, with lights on between 06:00 and 18:00 h. Animals were
allowed to acclimate for 2 weeks prior to the start of the experiment
andwere handled daily for 1 week prior to the start of the experiment.
Food and water were kept available during the whole day.

2.2. Procedure

The chronic stress group received various stressors during the
24 day experimental period. The stressors included scrambled foot
shock, shaker stress, cold swim restraint, heat stress, food deprivation
and reversed light dark cycle and were modified from the Katz
procedure (1981) (Tejani-Butt et al., 1994). The stress–alcohol group
received the same stress procedure as described above, but had free
access to water or alcohol and the control group received no stress
and no alcohol throughout the experimental period.

To elicit voluntary alcohol consumption, the alcohol preference
method as described by Sandbak and Murison (1996) was used with
minor modifications. During the first seven day period (day 1 to 7) a
3% alcohol solution was presented to the animals followed by a 5%
solution during the second seven day period (day 8 to 14), and finally
a 7% solution throughout the remaining time (day 15 to 24). Both
alcohol and water were freely available throughout the experimental
period until rats were sacrificed. The position of the tubes was
switched daily (left/right) and no additional flavors were added to
either bottle in order to eliminate the possibility of location and flavor
preference. Body weight and alcohol consumption measurements
were recorded daily at the same time on each day. Alcohol
consumption was recorded in terms of grams alcohol per kilogram
body weight. On day 25, WKY and WIS rats from the control, stress
and stress–alcohol groups were sacrificed by rapid decapitation
between 0800 and 1000, the brains removed and stored at −80 °C
till use. Brains were then sectioned (16 μm) at −18 °C in a cryostat
microtome according to the Brain Atlas of Paxinos andWatson (1998)
and mounted on gelatin-coated microscope slides for further QAR
analysis. It is important to note that since the first part of the study
was designed to specifically measure the behavioral effects of stress
on alcohol consumption in WKY and WIS rats, an additional set of
animals from both strains underwent the identical alcohol consump-
tion paradigm as described above without the concurrent stress
exposure. Since these animals were used solely as a behavioral control
for that specific experiment, their brains were not processed for D2
receptor binding in our QAR experiments.

2.3. [125I]-Iodosulpiride binding assay

D2 receptors were labeled with [125I]-Iodosulpiride using the
method of Stefanski et al. (2002), with minor modifications as
described below. To label D2 receptors, duplicate sections were pre-
incubated in a buffer solution [50 mM Tris–HCL, 120 mM NaCl, 5 mM
KCl, 1 mM MgCl2, 2 mM CaCl2] for 30 min. Sections were then
incubated in the same buffer solution containing 0.1 nM [125I]-
Iodosulpiride (2000 Ci/mmol, Amersham Biosciences) and 5 nM PD
28,907 (to block D3 receptors) at room temperature for 30 min. To
determine non-specific binding, adjacent sections were incubated in
0.1 nM [125I]-Iodosulpiride, 5 nM PD 28,907 and 1 uM domperidone
for 30 min. Following incubation, the sections were rinsed twice in
cold buffer for 5 min each, followed by a dip in cold deionized water.
The slides were then dried at room temperature, transferred into
cassettes, and exposed to Kodak BioMax MS film along with [3H]
standards. The exposure time for plate 12 was 4 days and for plate 42
it was 7 days. Films were developed using Kodak GBX developer.



Fig. 2. Binding of [125I]-Iodosulpiride to dopamine-2 receptor sites in the CPu of WKY
and WIS rats. Data expressed as fmol/mg brain protein and reported as mean±SEM of
duplicate sections from 6–8 animals per group. ⁎Represents significant differences
between treatment groups within strain, pb0.05. WKY—Wistar–Kyoto, WIS—Wistar,
CPu—caudate putamen.
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2.4. Quantification

The films were analyzed using a computerized brain image
analysis system (Brain 3.0). Data were expressed as fmol/mg brain
protein. Statistical analysis was performed with Sigma Stat for
Windows. The values represent mean±SEM (6–8 animals). Differ-
ences between means in individual regions were analyzed using two-
way analysis of variance (ANOVA), with strain (two levels) and
treatment (three levels) as independent variables. Where significant
main effects (strain/treatment/strain–treatment) were reported
(pb0.05), a post hoc Tukey's test, with HSD pb0.05, was conducted
to locate significant differences between strain–treatment groups. A
two-way ANOVA with strain (two levels) and treatment (two levels)
as independent variables, was used to determine the effects of stress
on drinking behavior in the two rat strains, followed by post hoc
Tukey test, with HSD pb0.05 to locate significant differences.

3. Results

3.1. Alcohol drinking behavior

As graphed in Fig. 1, average 24-day alcohol consumption was
increased in stressed WKY and WIS rats compared to non-stressed
animals from their respective strains, F(1,24)=6.11, Tukey HSD test
pb0.05. A significant strain difference was also measured, with the
average alcohol consumption being significantly greater in both non-
stressed and stressed WKY compared to WIS rats (Tukey HSD test,
pb0.05).

3.2. Effects of stress and alcohol on D2 receptor binding

3.2.1. Caudate putamen (CPu)
A significant main effect was found in the CPu of WKY versus WIS

rats with stress and alcohol exposure, F (2, 36)=5.23, pb0.05. In
WKY rats, the binding of [125I]-Iodosulpiride to D2 receptor sites was
increased following 24 days of stress exposure in the CPu when
compared to the control group (Tukey HSD test, pb0.05) (Fig. 2).
When alcohol was given at the same time of stress exposure, D2
receptor binding was found to be unchanged compared to control
WKY rats. In contrast, stress exposure produced an opposite effect in
WIS rats. The binding of [125I]-Iodosulpiride to D2 receptor sites was
reduced in the CPu of WIS rats when compared to the control group
(Tukey HSD test, pb0.05). However, the addition of alcohol to the
stress procedure did not result in any changes in receptor binding in
both rat strains.
Fig. 1. Average alcohol consumption inWKY andWIS rats over the 24-day experimental
period. Each point represents mean±SEM from 6–8 animals/group ⁎Represents
significant effect within strain, pb0.05. #Represents a significant strain difference
within treatment group, pb0.001. WKY—Wistar–Kyoto, WIS—Wistar.
3.2.2. Nucleus accumbens (NAc)
Two-way ANOVA identified a main effect of stress and alcohol

exposure in the NAc of WKY versus WIS rats, F (2, 36)=4.11, pb0.05.
In WKY rats, stress increased the binding of [125I]-Iodosulpiride to D2
receptor sites in the NAc compared to the control group (Tukey HSD
test, pb0.05), with no changes in receptor binding observed following
stress and alcohol co-treatment (Fig. 3). In contrast, no differences in
D2 receptor binding were measured in the WIS rat strain.

3.2.3. Substantia nigra (SN)
A significant main effect was measured in the SN of WKY versus

WIS rats with stress and alcohol exposure, F (2, 36)=11.7, pb0.001.
In the SN of WKY rats, stress exposure increased the binding of [125I]-
Iodosulpiride to D2 receptor sites compared to the control group
(Tukey HSD test, pb0.001), while stress and alcohol co-treatment
significantly reduced D2 receptor binding compared to theWKY stress
group (Tukey HSD test, pb0.05) (Fig. 4). In contrast, D2 receptor
binding was reduced with stress exposure in WIS rats (Tukey HSD
Fig. 3. Binding of [125I]-Iodosulpiride to dopamine-2 receptor sites in the NAc of WKY
and WIS rats. Data expressed as fmol/mg brain protein and reported as mean±SEM of
duplicate sections from 6–8 animals per group. ⁎Represents significant differences
between treatment groups within strain, pb0.05. WKY—Wistar–Kyoto, WIS—Wistar,
NAc—nucleus accumbens.



Fig. 4. Binding of [125I]-Iodosulpiride to dopamine-2 receptor sites in the SN of WKY
rats. Data expressed as fmol/mg brain protein and reported as mean±SEM of duplicate
sections from 6–8 animals per group. ⁎Represents significant differences within strain
compared to the control group, pb0.001. ⁎⁎Represents significant differences within
strain compared to the stress group, pb0.001. WKY—Wistar–Kyoto, WIS—Wistar,
SN—substantia nigra.
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test, pb0.001), with no changes in D2 receptor binding occurring with
the addition of alcohol to the stress procedure.

3.2.4. Ventral tegmental area (VTA)
A significant main effect was measured with stress and alcohol

exposure in the VTA of WKY and WIS rats, F (2, 36)=10.2, pb0.001.
In the VTA ofWKY rats, stress exposure increased the binding of [125I]-
Iodosulpiride to D2 receptor sites compared to the control group
(Tukey HSD test, pb0.001), while stress and alcohol co-treatment
significantly reduced D2 receptor binding compared to theWKY stress
group (Tukey HSD test, pb0.001) (Fig. 5). In contrast, no differences
in D2 receptor binding were measured in the WIS rat strain.

4. Discussion

4.1. Effects of stress on alcohol drinking behavior

Previous studies have noted an exaggerated neurochemical,
hormonal and behavioral stress response in WKY rats and have
proposed this rat strain as an appropriate animal model of depressive
behavior (Paré, 1989, 1992, 1994; Redei et al., 1994; Tejani-Butt et al.,
Fig. 5. Binding of [125I]-Iodosulpiride to dopamine-2 receptor sites in the VTA of WKY
and WIS rats. Data expressed as fmol/mg brain protein and reported as mean±SEM of
duplicate sections from 6–8 animals per group. ⁎Represents significant differences
within strain compared to the control group, pb0.001. ⁎⁎Represents significant
differences within strain compared to the stress group, pb0.001. WKY—Wistar–
Kyoto, WIS—Wistar, VTA—ventral tegmental area.
1994, 2003; De La Garza and Mahoney, 2004). More recently, we have
reported that WKY rats exhibit significant strain differences in DA
receptor sites in comparison to control strains, suggesting a basal
difference in DA neurotransmission in these animals (Jiao et al., 2003;
Yaroslavsky et al., 2006; Novick et al., 2008). Accordingly, De La Garza
andMahoney (2004) have reported a decrease in DA levels in the pre-
frontal cortex and an increase in DA turnover in the striatum and NAc
of WKY rats under basal conditions. More recently we have shown
that WKY rats voluntarily consume 200% more alcohol than WIS rats
(Jiao et al., 2006). Since stress has been shown to increase alcohol
consumption in humans as well as rodent models, we examined the
effects of chronic stress on alcohol consumption as well as the binding
of [125I]-Iodosulpiride to D2 receptors in control, stressed or stress and
alcohol co-treated WKY compared to WIS rats.

The current results demonstrate that both WKY and WIS rats
voluntarily consume more alcohol over a 24 day schedule of novel
stressors compared to non-stressed animals. These data are in
agreement with a previous report by Lynch and colleagues who
demonstrated that restraint stress led to an increase in alcohol
consumption in WIS rats (Lynch et al., 1999). However, compared to
WIS rats, WKY rats consume significantly more alcohol with or
without stressful situations. Paré et al. (1999) have suggested an
attenuation of depressive and anxious behaviors in WKY rats
following alcohol consumption. This is based on the observation
thatWKY rats show decreased response latency in the Open Field Test
and increased total entries as well as time spent in the open arms of
the Elevated Plus-Maze following alcohol consumption (Paré et al.,
1999). In past studies, Khantzian (1990) had proposed that indivi-
duals with substance use disorders take drugs as a means of coping
with painful or threatening emotions. At the same time, the tension
reduction hypothesis of alcohol consumption suggested that in-
creased drinking behavior is related to alcohol's effects on reducing
tension and/or anxiety (Kalodner et al., 1989; Young et al., 1990). For
the last decade, Koob and colleagues (1993, 1998) have explored the
theory of negative reinforcement, which suggests a genetic vulner-
ability for pathologies such as anxiety and depression, that are
relieved by alcohol self-administration. In light of these studies, our
findings suggest that both rat strains are consuming greater amounts
of alcohol during stressful exposure due to the anxiolytic properties of
alcohol, with WKY rats consume almost 300% more alcohol than WIS
rats due to their inherent stress-sensitive phenotype.

4.2. Effects of stress and alcohol on D2 receptor binding in Wistar–Kyoto
rats

Evidence from various sources suggests that DA neurotransmission
may play an intricate part in the ability to cope with a stressful
situation (Katz et al., 1981; Kapur and Mann, 1992; Pani et al., 2000).
Moreover, stress-induced disturbances in DA function have been
linked to multiple pathological states including alcohol dependence,
anxiety and depression (Piazza and Le Moal, 1998; Millan, 2003;
Nestler and Carlezon, 2006). Since alterations in receptor bindingmay
be a direct or indirect result of changes in monoamine levels in certain
brain regions, measurements of receptor density provide a useful
indication of the status of a particular monoamine pathway. The
present study measured D2 receptor density in control, stressed or
stress and alcohol co-treated WKY andWIS rats. The binding of [125I]-
Iodosulpiride to D2 receptor sites was increased in the CPu, NAc, SN
and VTA regions of stressed compared to non-stressed WKY rats. D2
receptor sites located on the somata and dendrites of DA neurons in SN
and VTA are autoreceptors and provide inhibitory feedback by
modulating DA release, synthesis and/or firing rate; while D2
receptors located in the CPu and NAc are post-synaptic Gi-protein
coupled receptors primarily located on non-dopaminergic neurons
(O'Hara et al., 1996; Cragg and Greenfield, 1997; Mercuri et al., 1997).
The observed increase inD2 autoreceptor density in the cell body areas
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(SN and VTA) following stress exposure may represent increased
inhibition of extracellular DA levels, thus leading to the observed D2
receptor up-regulation in the terminal regions (CPu and NAc) as one
consequence of depressed DA levels in areas projecting from the SN
and VTA. Accordingly, several studies have reported reduced DA
output in theNAc as a result of chronic unavoidable stress (Gambarana
et al, 1999; Scheggi et al., 2002). Our results are supported by studies
that report similar increases in central D2 receptor densities in
chronically stressed rodent models (Cabib et al., 1998; Djouma et al.,
2006). Overall, our results suggest that inWKY rats, stress may lead to
changes in the nigrostriatal and mesolimbic DA pathways, as
measured by an increase in D2 receptor binding in all brain regions
examined. Moreover, these changes in D2 receptor binding may
contribute to the stress-sensitive phenotype previously observed in
this rat strain (Paré, 1989; Paré and Redei, 1993; Redei et al., 1994).

While stress increased the binding of [125I]-Iodosulpiride to D2
receptor sites in the cell body regions (VTA and SN) ofWKY rats, stress
and alcohol co-treated animals showed a reduction in D2 receptor
binding in these two regions compared to animals exposed to stress
alone. Our data suggest that the addition of alcohol to the stress
procedure may have prevented the stress-induced increase in D2
receptor binding. Coupled with evidence suggesting that alcohol
increases DA levels in several brain regions, the observed reduction in
D2 autoreceptor sites in the VTA and SNmay reflect an elevation in DA
levels following the addition of alcohol to the stress procedure (Gessa
et al., 1985; Di Chiara and Imperato, 1988). At the post-synaptic level,
the lack of changes in D2 receptor binding in the stress and alcohol co-
treated groupmay represent a “normalization” of DA levels in the CPu
and NAc. Our results suggest that in WKY rats, increased alcohol
consumption under stressful stimulation may serve to ameliorate the
stress-induced consequences on D2 receptor binding in major DA cell
body regions such as the VTA and SN.
4.3. Effects of stress and alcohol on D2 receptor binding in Wistar rats

The pattern of alterations in WIS rats was different from what was
observed in WKY rats following chronic stress as well as following
stress–alcohol co-treatment. In contrast to the increase in D2 receptor
binding in WKY rats, chronic stress reduced receptor binding in the
CPu and SN brain regions, suggesting a facilitation of DA release in the
nigrostriatal pathway in response to stressful stimuli. Studies have
shown that DA levels increase during a stressful situation and this
increase is correlatedwith an animals' ability to copewith the stressor
at hand (Cabib and Pulglisi-Allegra, 1996). In previous reports, WIS
rats were more resistant to helpless or immobile behaviors following
stressors when compared to WKY rats (Paré, 1994). Thus, the
opposite changes in DA receptor binding following stress, as observed
in WIS rats, may be related to the reported stress-resilience of this rat
strain. In the present study, WIS rats did consumemore alcohol under
stress compared to non-stress conditions; however, the addition of
alcohol to the stress procedure did not alter D2 receptor binding
compared to the stress group. These effectsmay be partially due to the
lower amounts of alcohol consumed by WIS rats.
4.4. Conclusion

In summary, the present study demonstrates that stressed WKY
rats consume more alcohol than stressed WIS rats. The addition of
alcohol to the chronic stress procedure appeared to reverse the stress-
induced increases in D2 receptor sites in the SN and VTA of WKY rats.
These findings suggest a role for D2 receptor sites in mediating the
anxiolytic and rewarding properties of alcohol in the WKY rat strain,
and lend further support for the use of this rat strain to examine the
mechanisms involved in stress–alcohol interactions.
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