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Abstract
Alcohol consumption and exposure to stressful life events activate similar neural pathways and
thus result in several comparable physiological and behavioral effects. Alcoholics in treatment
claim that life-stressors are the leading cause of continued drinking or relapse. However, few
studies have investigated the interactive effects of stress and alcohol on cognitive behavior. The
effects of restraint stress, alcohol, and stress in combination with alcohol were examined on a
spatial memory test, the object placement (OP) task. In addition, intake levels were measured to
determine if stress altered general consumption of alcohol. Male Sprague-Dawley rats were
assigned to one of four conditions: no alcohol/no stress control (CON), stress alone (STR), alcohol
alone (ALC), and STR + alcohol (STR+ALC). Following each restraint stress bout, the STR+ALC
and the ALC groups were given access to 8% alcohol for 1-hour using the two-bottle choice
limited access paradigm. As predicted,the STR+ALC group significantly increased alcohol
consumption, while the ALC group had consistent drinking over the 10-day treatment. On the OP
task, STR and ALC groups performed at chance levels, whereas the CON and STR+ALC groups
significantly discriminated between objects in the new and old locations. These data show that
stress increases alcohol intake and the intake of alcohol is associated with reduction of the stress-
induced impairment of spatial memory. The data have important implications for the development
of alcohol abuse and its treatment.
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Introduction
Alcohol consumption and abuse are major problems with devastating social and economic
consequences. Initial consumption may lead to one of four possibilities: abstinence, non-
problematic use, abuse, or dependence. Chronic alcohol consumption often leads to various
aversive consequences such as, memory impairments, anxiety disorders, depression, renal
and liver failure, and teratogenic effects (Hoffman and Matthews et al., 2001; Santucci et al.,

© 2012 Elsevier Inc. All rights reserved

Correspondence: Juan L. Gomez Hunter College Department of Biopsychology 695 Park Ave, Room 629HN New York, NY 10065 P:
212-772-4234 Juan.Gomez@hunter.cuny.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Alcohol. Author manuscript; available in PMC 2013 August 01.

Published in final edited form as:
Alcohol. 2012 August ; 46(5): 499–504. doi:10.1016/j.alcohol.2011.12.005.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2008; Seeley, 1960; Berner et al., 1986; Pfefferbaum and Sullivan, 2005). Behavioral and
physiological responses to alcohol vary and are often dependent on drinking and family
history (Schuckit et al., 1988). Schukit has shown that sons of alcoholic fathers have a
reduced stress response to an alcohol intoxication challenge, and may predict future abuse
potential. Furthermore, alcoholics in treatment claim that stress is the major factor for their
continued drinking and relapse (Sinha, 2001). The relationship between life stressors and
alcohol consumption is complex and warrants further investigation.

The “self-medication hypothesis” suggests that an individual may initiate or increase
substance use as a way of relieving aversive daily experiences (Khantzian, 1997). Under
stressful conditions, animal models of alcohol consumption show a variety of drinking
patterns. Various researchers have found reinstatement of alcohol seeking behavior after
extinction when foot-shock stress is applied (Liu and Weiss, 2003; Le et al., 2005; Matthews
et al., 2008). Using a social model of stress, Pohorecky (2008) found that rats classified as
subordinate (high-stress), drink more alcohol than dominant rats during a 23-hour probe
period. Restraint stress has been sparsely studied in terms of voluntary drinking in rodent
models. However, restraint stress has been extensively used to test cognitive function (Luine
et al., 1994; Conrad et al., 1996; Bowman et al., 2009). Lynch et al. (1999) found that when
rats were given a choice between alcohol and water following 15 minutes of restraint stress,
the stress group drank more alcohol than the non-stressed.

Chronic restraint stress has been repeatedly shown to disrupt cognitive behaviors and alter
associated neuronal structures (Luine et al., 2007). Following restraint stress for 6hr/day/
21days, male rats show impaired learning and memory on tasks such as the radial arm maze,
object placement, and Y-maze (Luine et al., 1994; Conrad et al., 1996; Wright et al., 2005;
McLaughlin et al., 2007). Such chronic stress levels reduce dendritic arborization in limbic
structures important for memory function (Woolley et al., 1990; Magarinos et al., 1997;
McEwen et al., 1999; Luine et al., 2006; Conrad, 2008). However, the negative effects of
stress appear to depend on environmental, hormonal, and pharmacological factors. Wright
and Conrad (2008) found that an enriched environment prevents the stress-induced memory
impairments on the Y-maze and Morris Water Maze compared to stressed rats in standard
housing. McLaughlin et al. (2010) showed that ovariectomized rats treated with 17β-
Estrodial or cholesterol are spared from dendritic retraction in hippocampal areas caused by
3-weeks of restraint stress. Bisagno et al. (2004) found that chronic injection of
amphetamine impairs memory on the object recognition task in female rats; however, when
the rats were restraint stressed and given amphetamine the impairments were reversed.

The purpose of this study was to investigate the effects of chronic restraint stress on alcohol
consumption and possible interactive effects of stress and alcohol on spatial memory. In
accordance with the self-medication hypothesis and Lynch et al. (1999), we predicted that
stressed rats would voluntarily consume more alcohol than non-stressed rats. We also
investigated whether chronic stress-dependent impairments in spatial memory, in male rats,
would be alleviated by alcohol availability following a stressor as has been reported by other
combinations with stress (see above references).

Materials and Methods
Subjects

Male Sprague-Dawley rats (~250 g, N = 60) obtained from Harlan-Sprague Dawley were
individually housed and kept on a 12h reverse light cycle with lights off at 10:00AM.
Standard rat chow and water was available ad libitum. After arrival, rats were allowed to
acclimate to the environment for one week before treatments were conducted. Rats were
randomly assigned to one of four groups; No stress-No Alcohol control (CON, n=10),
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Alcohol alone (ALC, n=10), Stress alone (STR, n=20), and a combination of Stress and
Alcohol (STR+ALC, n=20). The stress paradigm began after reliable drinking was
established (see below). All procedures were approved by Hunter College's Animal Care and
Use Committee.

Procedures
Following arrival and acclimation, rats were trained to prefer alcohol via a two-bottle
limited access paradigm (Martinetti et al., 2000). Ethanol was diluted with water to 1%, 3%,
5%, 7%, and 8% v/v. Each concentration was presented in a counterbalanced fashion with
water for 1-hour a day for three days. Following the last training day of alcohol, stress
treatment began and 8% v/v was available after the stressor for 1-hour for the ALC and STR
+ALC groups. The stress and/or alcohol treatments continued for 10 consecutive days. Rats
in the CON and STR groups received a 2-bottle choice with both bottles containing only
water (See Figure 1 for a timeline of the experimental treatments).

After the stress and alcohol treatments were complete an object placement (OP) task was
conducted. The OP task is a hippocampal dependent spatial memory test designed to
measure memory of object location in an open field following a predetermined inter-trial
delay (Bowman et al., 2009). Several studies have shown that performance of this task is
compromised following hippocampal lesions (Ennaceur and Aggleton, 1994; Ennaceur et
al., 1997; Broadbent et al., 2004). The OP task consists of a sample trial (T1), and a
retention trial (T2) (Luine et al., 2003). T1 requires two identical objects to be placed at one
end of an open field (70 × 70 cm). The rat is allowed to explore the objects for 3-minutes
and the amount of time spent exploring each object was recorded with stopwatches.
Exploration was defined as whisking, sniffing, and looking at the object from no more than
2 cm away. Following T1, rats are placed back in their home cages left in the experimental
room for a 4-hour inter-trial delay. After the delay (T2), one object is relocated to a new
position across the open field. The locations of the objects were equidistant from the corners
in a diagonal fashion and positioning was counterbalanced. The rat was allowed to explore
for 3 minutes and the time spent exploring the objects in the old and new locations was
recorded.

Drug Treatment
Rats were administered alcohol via a two-bottle choice limited access paradigm from 12:00
– 1:00PM daily (Martinetti et al., 2000). Ethanol (200 proof, Sigma-Aldrich) was diluted in
water and introduced at a concentration of 1% v/v. The percentage of alcohol was gradually
increased every three days until rats established reliable drinking of 8% v/v (Figure 1).

Restraint Stress
Restraint stress began after all rats showed stable consumption of ethanol. Rats were
restrained, not immobilized, for 1hr/day/10days (11–12PM) in a cylindrical tube constructed
of clear Plexiglas measuring 21.5cm long × 6.3cm internal diameter (Harvard Apparatus).
One end has a clear, closed end piece containing ventilation holes. The other end has a
sliding plastic plug that is secured in place by a screw and adjusted to fit the size of the rat.
A slotted opening in the plug allows for free mobility of the tail. Restraint procedures are
similar to Lynch et al. (1999) and Bowman et al. (2009). After the restraint stress period, the
animals were returned to their home cage and ALC and STR+ALC rats were given a two-
bottle choice of 8% ethanol or water for 1-hour (Figure 1).

Gomez et al. Page 3

Alcohol. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistical Analyses
All statistics were conducted using SPSS (IBM Corp., Somers, NY). A repeated measures
ANOVA was used to analyze consumption rates within and between the ALC and STR
+ALC groups, and regression analyses was used to determine overall consumption over the
course of the stress treatment. A repeated-measures ANOVA was used to analyze
exploration times on the object placement task. Significant main effects were further
analyzed using paired-t tests (Bonferroni corrected) to determine group performances in
ability to discriminate between objects in the New and Old location. A repeated-measures
ANOVA was conducted to analyze body weight gain over the treatment period. Significant
main effects were further analyzed using a one-way ANOVA and Fisher's Least Significant
Difference (LSD) test based on day of treatment.

Results
Alcohol Consumption During Stress

Alcohol consumption was measured daily during the stress period (10 days) in rats treated
with or without restraint stress. A repeated-measures two-way ANOVA showed no
significant main effects of day [F(9,252)=1.14, p=0.34] and treatment [F(1,28)=0.49,
p=0.49], but a significant interaction between day and treatment was found [F(9,252)=2.34,
p=0.015] (Figure 2A). The linear regression of drinking behavior over the 10-days of stress
(Figure 2B) showed that chronic restraint stress predicts the increased alcohol consumption
by the STR+ALC group compared to the ALC group [b=0.495, t(18)=8.54, p<0.0001].
Chronic stress also accounted for the majority of variance associated with the differences
between intake values [R2=0.245, F(1,18)=5.85, p=0.026] (Figure 2B).

Spatial Memory on the Object Placement Task
Treatments with alcohol, restraint stress, or the combination of stress and alcohol influenced
performance on the object placement task. During the sample trial (T1), an ANOVA showed
no significant difference of object exploration time between groups [F(3,56)=1.51, p=0.22]
(Figure 3A). However, repeated-measures within subjects analysis of the retention trial (T2)
showed a main effect of object [F(1,56)=7.70, p=0.008] and an object by group interaction
[F(3,56)=3.42, p=0.02]. A Bonferroni corrected paired-t test was conducted for each group
to test for differences in exploration of objects in the old and new locations. Rats in the CON
and STR+ALC groups explored the objects in the new location significantly more than
objects in the old location [t(9)=3.43 p=0.007; t(19)=2.83, p=0.011, respectively] (Figure
3B). Rats in the ALC and STR groups did not significantly discriminate between objects in
the old and new locations [t(9)=1.48, p=0.17; t(19)=0.86, p=.40, respectively] (Figure 3B).
Thus, treatment with ALC or STR impairs spatial memory, but the combination of STR
+ALC does not.

Stress Effects on Body Weight Gain
Body weights were analyzed by two-way ANOVA (group × day). There was a significant
main effect of day [F(2,112)=320.5, p=0.0001] and significant interaction between day and
group [F(6,112)=2.94, p=0.01]. A post-hoc LSD found that by Day 5 the CON group
weighed more than the STR group (p=0.04) and by Day 10 both the CON and STR+ALC
groups weighed more than the STR group (p=0.015) (Figure 4). On Day 1 of stress, no
weight differences between groups were found (M ≈ 395g), and all rats gained weight over
the 10-day stress period (M ≈ +35g) (Figure 4). Despite the added calories present in
alcohol, rats treated with alcohol did not differ in weight compared to other groups.
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Discussion
The current results show that over the period of the stress treatment, rats in the STR+ALC
group consume more alcohol than those not stressed. Our findings support others who have
found an increase in alcohol self-administration following restraint stress treatment (Lynch
et al., 1999; Ploj et al., 2003; Roman et al., 2004) and shows support for the “self-
medication” view of increased substance use during times of stress. With respect to spatial
memory, alcohol availability after each exposure to stress blocked the impairing effects of
treatment with alcohol or stress alone, which is a novel finding and provides rational for
self-medicating. The reduction in weight gain, which is a well-known effect of chronic
stress, was observed in the STR but not in the STR+ALC group. Despite these findings, it is
not entirely clear whether restraint stress is affecting the actions of alcohol or whether
alcohol is affecting the stress response.

Alcohol Consumption
Our analyses show that rats in the STR+ALC group significantly increase their alcohol
consumption during stress treatment compared to the no-stress ALC group. To elucidate this
finding we have to consider previous research using restraint stress and alcohol
consumption. Studies using animal models of voluntary consumption have a high amount of
variability between results. Previous research on the effects of restraint stress and alcohol
consumption has shown a decrease (Sprague and Maickel, 1994; Chester et al., 2004;
Boyce-Rustay et al., 2008), increase (Lynch et al., 1999; Pohorecky 2008; Yaroslavsky and
Tejani-Butt 2010) or no change (Roske et al., 1994; Rockman and Glavin, 1984; Sillaber et
al., 2002) in alcohol intake following stress treatments. Reasons for the high variability
between studies may be due to species, type of stress, duration of stress, and availability to
alcohol. Even with the few studies that found increased alcohol consumption, there were
considerable differences in methodology. Compared to the present study, Ploj et al. (2003)
and Roman et al. (2004) used the same alcohol dose, but added maternal separation to their
4-day restraint stressor. Lynch et al. (1999) had procedural differences, but found an
increase in consumption on days where alcohol was given via two-bottle choice. However,
when rats were forced to drink alcohol (i.e. only fluid), both the stress and non-stressed rats
had equal consumption rates. Our data indicate that restraint stress alone increased alcohol
consumption. This behavior is often seen in stressed humans and may be associated with the
development of dependence over time (Sinha, 2001).

Given the difference in consumption that was found in our experiment, it is pertinent to test
whether blood alcohol content (BAC) was altered as well. However, due to a loss of blood
samples (defective freezer), we could not directly measure BAC in our study. Future studies
will measure BAC to determine if rats undergoing stress altered BAC. This information will
help clarify and interpret the current results (the importance of BAC is further discussed
below). Additionally, measuring stress hormone levels will provide more information on
alcohol's effects on the stress response. Galea et al. (1997) has noted that restraint stress
causes a significant increase in plasma corticosterone (CORT) after 30 minutes from Day-1
to Day-21 of restraint. Our study used restraint for 1-hour per day, so it is reasonable to
assume that rats in the stress treated groups had higher CORT levels.

Spatial Memory
Numerous experiments have shown that following chronic stress, male rats exhibit impaired
memory in tasks such as the radial arm maze, Y-maze, object placement, and water maze
(Luine et al., 1994; Conrad et al., 1996; Beck and Luine, 2002; Kitraki et al., 2004). Chronic
alcohol consumption has also been shown to impair memory in tasks like the radial arm
maze, object recognition, and water maze (Steigerwald and Miller, 1997; Ryabinin et al.,
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2002; Matthews and Morrow, 2000). Thus, our findings are consistent with previous work
showing that chronic stress or alcohol impairs spatial memory on the object placement task.
However, when the two treatments are combined (STR+ALC), no deficits in spatial memory
are present. Thus, the results do not support additive effects of stress and alcohol on
memory. To our knowledge no study has examined spatial memory using low-stress tasks
when alcohol is accessible for voluntary consumption following the stressor. In addition,
other studies examining stress/alcohol interactions have utilized different spatial memory
tasks than employed here. Sircar and Sircar (2005) utilized the Morris Water Maze and
Maier and Pohorecky (1986) utilized the radial arm maze. These tasks expose subjects to
stressful circumstances (forced swim and food deprivation), which may have confounded
testing the interaction between stress and alcohol (Eglemann et al., 2006). Object placement
does not use positive or negative reinforcements, and rats undergo habituation trials so that
stress is minimal when memory is assessed. We know that chronic exposure to
corticosterone impairs spatial memory in male rats (Luine et al., 1993; McLay et al., 1998;
Wright et al., 2006). Therefore, it is important to measure corticosterone levels following
stress and alcohol treatments to determine the affect on the stress response. There may be a
value in interpreting some of these findings such as the possibility that alcohol consumption
reduces the negative effects of chronic stress on spatial memory.

Body Weight Gain
As a physiological measure of stress effects, rats were weighed at the beginning, middle and
end of the stress treatment. During chronic stress, rats show a reduction of their weight gain,
which rebounds once the stressor is terminated (Baran et al. 2005; Conrad et al, 2007;
McLaughlin et al., 2007). Our data are consistent with these observations; the STR group
gained weight at a lower rate than those in the CON or STR+ALC groups. Hence, when
alcohol is available after a stressor, the effect of stress on weight gain is normalized to that
of rats in the CON group. Here, we should consider the possibility that alcohol, which has
calories, is responsible for the added weight. However, this possibility appears unlikely
because rats in the ALC group did not differ from CON, STR, or STR+ALC groups in body
weight. Thus, it appears that the intake of alcohol reduced stress-induced reduction in weight
gain.

Conclusions
We have found that combination of chronic restraint stress and voluntary alcohol
consumption in male rats is associated with increases in alcohol intake, reduced impairment
of spatial memory produced by each treatment alone, and inhibition of stress-induced weight
loss. These findings are novel and may provide some insight into the complex mechanisms
that motivate alcohol abuse and lead to improved treatment for alcohol dependence.
However, the mechanisms responsible for the maintenance of spatial memory function at
control levels in STR+ALC treated rats are unknown. One explanation is that stress
enhances alcohol metabolism, which leads to a decrease in alcohol's effects (Ryabinin et al.,
1995; Ryabinin et al., 1999). In our study it is unknown whether alcohol metabolism was
affected by stress because alcohol levels were not measured in the subjects; however,
preliminary data from ongoing experiments has shown that blood alcohol levels are not
altered following 7 days of chronic restraint stress (Gomez et al., 2011). Another
mechanism, which may be responsible for the inter-active effects of the treatments on spatial
memory, is that alcohol may be dampening the stress response (Spencer and McEwen, 1990;
Lee and Rivier, 1999; Richardson et al., 2008). We have found some support for this
mechanism in that STR+ALC treated rats showed a significant reduction of corticosterone
levels from day-1 to day-7 of restraint stress (Gomez et al., 2011) whereas rats in the other
groups (CON, ALC, and STR) showed no change in corticosterone levels.
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These data show that restrained stressed rats seek alcohol solutions and that alcohol intake
can reduce the consequences of the stress response on weight gain and memory function.
Therefore, it appears likely that alcohol consumption may reduce the aversive effects of
stress such as anxiety and stress hormone levels. Our current research focuses on these
measures to understand how the combination of two impairing manipulations can result in a
return to normal memory function. The physiological and neural mechanisms underlying
these changes are currently unknown and are the focus of our ongoing research.
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Figure 1.
Time line of procedures. Each tick mark indicates one calendar day.
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Figure 2.
(A) Mean alcohol consumption pre- and during-stress treatment. Negative numbers
designate days before stress and positive numbers designate days of stress. Numbers in
parenthesis show concentration of alcohol (v/v) presented. Arrow denotes first day of stress.
(B) Mean alcohol consumption over days of restraint stress. Dashed regression line plotted
for STR+ALC group and solid regression line plotted for ALC group. Asterisk (*) indicates
a significant difference (R2=0.245, p=0.026) between group regression lines.
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Figure 3.
(A) Mean exploration time for sample trial (T1) on the object placement task. There was no
significant difference between groups (mean = 33 sec.). (B) Following a 4-hour delay T2
shows mean exploration time of objects in the Old and New locations. Asterisk (*) indicates
a significant difference (p<0.05) between exploration of the objects in the Old and New
locations.
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Figure 4.
Body weight in grams presented at 5-day intervals. Asterisk (*), significant difference
between the CON group and the STR group (p=0.04). Double asterisk (**), significant
difference between the CON/STR+ALC groups and the STR group (p=0.015).
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