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Abstract

Background—Life altering anxiety disorders, such as post-traumatic stress disorder (PTSD),
can co-occur at high rates with substance use disorders. Alcoholism, compared to other substance
use disorders, is particularly common. Rodent studies of acute stress effects on alcohol
consumption show stress can alter ethanol (EtOH) consumption. This study examined voluntary

EtOH consumption in male Long-Evans rats that had undergone a stress-enhanced fear learning
(SEFL) procedure.

Methods—Adult Long-Evans rats were exposed to a stress that consisted of 15 inescapable foot-
shocks (1 mA, 1 sec) known to cause a long-lasting non-associative enhancement of subsequent
fear learning. Control animals received no shock. One day later, animals were placed in a novel
and very different context and received a single foot-shock. On day 3, animals were returned to
the single shock context and freezing was used as a measure of learned fear. The intermittent
access two-bottle choice (2BC) regimen, consisted of 1 bottle of water and 1 bottle of
experimental solution, either 19% EtOH or 28.4% sucrose-0.08% quinine, for a 24 hr period, 3
days a week, and all other times 2 water bottles. This regimen lasted until stable levels of
experimental solution drinking were reached, at which point the experimental solution was
removed for 40 days and then returned to measure resumption of consumption.

Results—Rats that received stress prior to ethanol consumed significantly more EtOH than
control rats before and after reinstatement. Rats that received stress after drinking was established
did not consume significantly more EtOH when the drug was returned. Stress had no significant
effect on sucrose-quinine drinking, our calorie and taste control for EtOH.

Conclusions—A single traumatic event sufficient to produce long-lasting enhancement of fear-

learning increases voluntary EtOH consumption, but does not alter previously acquired EtOH

drinking habits or alter consumption of a calorically equivalent sweet-bitter tasting solution.
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INTRODUCTION

Fear is an adaptive response that initiates defensive behavior to protect animals and humans
from danger when it is in proportion to the threat. However, anxiety disorders, such as post-
traumatic stress disorder (PTSD), can arise when fear is inappropriately regulated. PTSD
occurs when symptoms caused by a traumatic experience, such as anxiety, avoidance of
potential reminders of the trauma, re-experiencing of the trauma and increased vigilance,
persist longer than 1 month (American Psychiatric Association., 2000). Substance use
disorders, particularly alcoholism, have high comorbidity rates with PTSD (Back et al.,
2005; Dedert et al., 2009; Farrugia et al., 2011; Freeman and Kimbrell, 2004; Kulka, 1990;
McDevitt-Murphy et al., 2010; Ray et al., 2009; Savarese et al., 2001). PTSD treatment
typically involves exposure-based psychotherapy and pharmacotherapy. Such treatments
appear to decrease general anxiety, however, PTSD is often resistant to exposure therapy
(Kessler et al., 1995).

Most animal models of stress and fear focus on Pavlovian fear-learning to study the
neurobiology of stress (Ehrlich et al., 2009; Martijena et al., 2002; Pape and Pare, 2010) as
well as effects of stress on alcohol consumption (Breese et al., 2005; Higley et al., 1991;
Sommer et al., 2008). However, animal models of PTSD have been developed in order to
determine the brain mechanisms underlying this disorder. Researchers have utilized predator
scent (Corley et al., 2011), prolonged restraint (Rodriguez Manzanares et al., 2005), and
electric shock (Rau and Fanselow, 2009) to mimic traumatic events experienced by humans
which can lead to PTSD. Such stress inducing techniques produce non-associative
sensitization to subsequent associative fear-conditioning (Rau et al., 2005; Rodriguez
Manzanares et al., 2005) analogous to symptoms of PTSD such as exaggerated startle
response and enhanced fear to similar events (American Psychiatric Association., 2000).
Non-associative sensitization of fear has been shown to produce PTSD-like symptoms in the
SEFL rats (Rau et al., 2005).

The animal model we used to study non-associative sensitization to fear learning and alcohol
consumption is a well-characterized rat model of stress-enhanced fear learning (SEFL) that
exhibits behavioral components of associative and non-associative fear (Rau et al., 2005;
Rau and Fanselow, 2009). Like in PTSD, the non-associative sensitization which enhances
future fear learning in SEFL rats is resistant to extinction training and pharmacological
inactivation of contextual memory formation (McFall et al., 1992; Rau et al., 2005). The
experience of stress causes persistent changes in expression of genes in the SEFL model
(Ponomarev et al., 2010) that have been specifically implicated in PTSD in humans (Ressler
et al., 2011). The SEFL procedure produces long-lasting exaggerated acquisition of novel
fears, and similar to other stressors might affect how alcohol drinking habits are learned.
These observations lead to our hypothesis that SEFL rats, which have increased fear, will
also have increased alcohol consumption.

In order to study voluntary EtOH consumption in SEFL rats an intermittent access two-
bottle choice (2BC) drinking procedure that leads rats to gradually escalate EtOH
consumption to high levels (5-6 g/kg/24h) without resorting to sucrose fadeout procedures
or forced EtOH administration (Simms et al., 2008; Wise, 1975) was used. SEFL
conditioning in EtOH naive rats resulted in increased voluntary EtOH consumption
compared to controls rats. We also show this effect is specific to EtOH as there was no
significant difference in calorically equivalent non-alcoholic Sucrose-Quinine solution
consumed. Together these experiments show that a highly stressful experience sufficient to
produce long-lasting enhancement of fear-learning also increases voluntary EtOH
consumption.
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METHODS

Subjects

Experimentally naive Long-Evans male rats, approximately 90 days old (Harlan;
Indianapolis, IN) were used. Rats were singly housed in stainless steel wire mesh cages
upon arrival at the University of California Los Angeles (UCLA) Psychology Department
vivarium or in Plexiglas cages upon arrival at the UCLA Center for Health Sciences (CHS)
vivarium. Food and water were available ad /ibitum, in a 12-hr light-dark cycle (lights on at
6:00 a.m.) maintained in colony rooms. SEFL experimental procedures took place in the
Psychology vivarium during the light cycle, beginning around 8:00 a.m. A week before
experiments, animals were handled daily for approximately 20 s each to adapt to the
experimenters. All 2BC drinking presentations and measurements were done in the CHS
vivarium and started within 15 minutes of the beginning of the dark cycle. All experimental
procedures were conducted in accordance with the Guide for the Care and Use of
Laboratory Animals (7th Edition, National Academy Press, Washington, D.C., 1996) and
were approved by the Chancellor's Animal Research Committee of the UCLA Office for the
Protection of Research Subjects.

SEFL conditioning apparatus

Procedures took place in two distinct training/testing environments, Context A, the stress
environment and Context B, the novel environment. Each context contained distinguishable
background noise, lighting, and odor in fear conditioning boxes that differed in interior size/
shape, texture and grid floor pattern designed to minimize generalization between the
contexts. Context A chambers (28x21x22 cm; Lafayette Instruments, Lafayette, IN) were
aluminum sided with an opaque Plexiglas back and clear Plexiglas front door piece. Floor
grids (18 stainless steel rods, 4 mm diameter and 1.5 cm apart) were connected to a shock
generator and scrambler (Lafayette Instrument Co.; Lafayette, IN). Overhead fluorescent
lighting was used. A ventilation fan provided 70 dB of background noise. Fear conditioning
boxes were cleaned and dried between each session using a 10% sodium hydroxide solution.
Stainless steel pans were placed beneath each grid floor in the chambers; these contained 4—
5 sprays of atomized Simple Green as the context odor. Metal scaffolding attached to a cart
was used to transport the animals in their home cages to Context A and back.

The interior of the Context B chambers, initially the same as described above, were
modified by inserting white Plexiglas along the rear wall and two white Plexiglas side-walls
at 60° angles that formed an A-frame. As in Context A, the front door piece consisted of a
clear Plexiglas panel. The grid floor, connected to a shock generator and scrambler
(Lafayette Instrument Co.; Lafayette, IN), consisted of 17 stainless steel rods (4 mm
diameter) spaced in offset rows 1 cm vertically and 2.6 cm horizontally. Lighting consisted
of one red 30 w incandescent bulb. A white noise generator produced background noise (70
dB, A-scale). Fear conditioning chambers were cleaned, using a 1% acetic acid solution, and
dried between each session. Stainless steel pans were placed beneath each grid floor in the
chambers; these contained 45 sprays of an atomized 11% coconut extract mixture as the
context odor. Animals were transported to and from their home cages in a covered, black
rubberized box subdivided into four areas by black Plexiglas panels.

SEFL procedure

Rats were randomly assigned to one of two groups that received 15 shocks (SEFL) or no
shock (control) during pre-exposure in Context A. Shock pre-exposure on day 1 consisted of
15 shocks (1 mA, 1 s) spaced with a variable intershock interval of 240—480 s. Both non-
shock controls and shocked animals were placed in chambers for 90 min. On all subsequent
days SEFL and control animals were conditioned and tested under the same conditions. On
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day two, animals were given one shock in Context B. The shock (1 mA, 1 s) was given 180
s after placement in the chamber, and animals were removed from the chambers 300 s later.
On day 3, animals were given an 8 min context test in Context B. Freezing, defined as the
absence of all movement except that necessary for respiration, is a consistent response to
learned fear stimuli (Fanselow, 1980). We used an automated activity monitoring system to
provide an index of freezing prior to the day 2 Context B single shock and during the day 3
Context B context test.

Intermittent access two-bottle choice (2BC) drinking paradigm

The intermittent access to 2BC drinking paradigm was adapted from Wise (1973). All fluids
were presented in 50-ml graduated plastic conical tubes with stainless-steel low-leak
drinking spouts accessible to rats through the top of their home cage. On the Monday
following the end of a 7 day post-transfer housing acclimatization period, rats was given
access to 1 bottle of drinking water and 1 bottle of the experimental solution for a 24 hr
period on Mondays, Wednesdays, and Fridays. Bottles were weighed at the beginning and
end of each 24 hr drinking period; measurements were taken to the nearest 1/100 g. The
weight of each rat was also measured at the end of the 24 hr drinking period (Tuesdays,
Thursdays, and Saturdays) and rat weight was used to calculate the grams of solution
consumed per kilogram of body weight per 24 hr drinking session (g/kg/24 hrs). Preference
for experimental solutions was calculated as the ratio of experimental solution over the total
fluid consumed in a 24 hr drinking session. Experimental drinking solutions were prepared
in drinking water provided by UCLA veterinary staff. Upon completion of each drinking
session the experimental solution was replaced with a second water bottle until the next
presentation. The rats had unlimited access to 2 bottles of water over the weekend after the
24 hr measurements were taken on Saturday. Bottle placement was alternated each drinking
session to control for side preferences. EtOH presentations were made until after rats had
reached a steady high level of drinking (25 or 31 presentations). Then rats were withdrawn
from the experimental solution for 40 days followed by reintroduction of drinking solution
for 7-22 2BC presentations.

Early-SEFL & 19% EtOH

SEFL/control conditioning of EtOH naive animals was done 10 days prior to 2BC EtOH
drinking. The 19% EtOH drinking solution was made from 95% (v / v) ethanol (Sigma
Aldrich). EtOH was presented without changes in concentration or addition of sweeteners.
Animals received 31 2BC EtOH presentations. The EtOH was withdrawn for 40 days. Upon
re-instatement, 7 2BC EtOH presentations were made.

Late-SEFL & 19% EtOH

Prior to SEFL/control conditioning, animals received 25 2BC 19% EtOH presentations.
EtOH was withdrawn for 40 days. At the beginning of the withdrawal period animals were
transferred to the Psychology vivarium. Animals were separated into SEFL and control
groups based on the amount of intake on the final day of 2BC before the removal of EtOH
for 40 days. Animals were paired by roughly equivalent levels of intake, such that the two
highest drinkers were paired, then the next two highest drinkers were paired, and this was
repeated until each rat had an equal pair. The initial separation into either SEFL or control
group the highest group was randomly assigned, and each subsequent pair was
systematically alternated between group so that neither group always received the slightly
higher or lower drinker of the pair. SEFL/control conditioning began on day 28 of
withdrawal, and upon completion of the three day conditioning process animals were
transferred back to the CHS vivarium to reacclimatize to the 2BC surroundings during the
remainder of their withdrawal period. Upon re-instatement, 22 2BC EtOH presentations
were made.
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Early-SEFL & Sucrose-Quinine

After SEFL/control conditioning, Sucrose-Quinine naive animals were allowed to acclimate
to the new 2BC environment for 7 days. The 28.4% sucrose-0.08% quinine-HCl (Sucrose-
Quinine) was made up as a w/v ratio from pure sucrose and quinine-HCI (both Sigma
Aldrich). Sucrose-Quinine was presented without changes in concentration, additional
sweeteners, or EtOH. Animals received 31 2BC Sucrose-Quinine presentations and were
then withdrawn for 40 days. Upon re-instatement, 19 2BC Sucrose-Quinine presentations
were made.

Data and Statistical Analysis

RESULTS

A freezing index was used as a measure of learned fear and defined as a lack of movement
except that necessary for respiration (Fanselow, 1980; Rau et al., 2005; Rau and Fanselow,
2009). Behavior was recorded using near infrared video equipment and computer software
(VideoFreeze, Med-Associates Inc.) that determined pixel changes from frame to frame.
Freezing was calculated using the automated software and defined as activity below a
minimum threshold for longer than one second (correlation of r>0.9 between automated
system and highly trained human observers) as previously described (Jacobs et al., 2010).
Average freezing scores were calculated for baseline freezing in the novel context for 3
minutes prior to the single shock; post-shock freezing in the novel context was assessed for
5 minutes. SEFL Context test in the novel context measured freezing for 8§ minutes.
Drinking data and rat weight were recorded by hand and compiled daily electronically.
Student's paired and un-paired t-tests were used to test for statistical differences in freezing
within groups between contexts, and between groups within contexts. 2-way repeated
measures (RM) ANOVA with Bonferroni pairwise comparisons was used to test for
statistical difference between groups for EtOH and Sucrose-Quinine consumption.

Early-SEFL & 2BC EtOH

SEFL conditioning resulted in significantly increased freezing (Fig. 1) of SEFL rats (n = 10)
compared to control rats (n = 12) within each sub-context measurement of animal freezing
activity: Baseline (un-paired t-test; p = 0.041), Post-shock and Context Test (un-paired t-
test; p < 0.001). Control rat freezing was significantly different between Baseline and Post-
shock freezing (paired t-test; p < 0.011), however, there was no significant difference
between Baseline and Context Test or Post-shock and Context Test freezing (paired t-test; p
=0.604). This is important because it shows Post-shock increase in fear to be transient.
SEFL rat freezing was significantly different between Baseline and Post-shock (paired t-test;
p < 0.001) and Baseline and Context Test (paired t-test; p < 0.001) contexts. The difference
was not significant between Post-shock and Context Test freezing (paired t-test; p = 0.31),
and this is important because it shows the permanency of the enhanced-learned fear.

The EtOH consumption during the initial EtOH presentation days was similar for both
groups (Fig. 2A). However, the SEFL group began to consume more EtOH than the control
counterparts. Two-way RM ANOVA comparison showed that across the 31 pre-withdrawal
presentations there was a between group effect of SEFL conditioning such that there was
significantly increased voluntary EtOH consumption in SEFL rats compared to control rats
(F(1, 20) = 5.364, p = 0.031). There was no statistically significant interaction between
SEFL treatment and presentation day (F(30, 599) = 1.358, p = 0.098).

After the 40 d period of EtOH removal 2BC EtOH drinking was reintroduced. The first
EtOH consumption for the SEFL group was significantly decreased compared to the final
day of drinking before the 40d removal (paired t-test; p = 0.041). A 2-way RM ANOVA
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confirmed that after reintroduction, EtOH consumption of SEFL rats was also significantly
higher compared to the control rat consumption for all post-withdrawal presentations (F(1,
20) =7.708; p = 0.012). Together with the pre-removal drinking data, these data suggest that
SEFL conditioning before 2BC EtOH drinking leads to significantly increased voluntary
EtOH consumption. After reintroduction there remained no significant interaction between
SEFL treatment and presentation day (F(6, 120) = 0.260, p = 0.954).

EtOH preference in the SEFL group before EtOH removal was significantly increased
compared to control rat group according to 2-way RM ANOVA (Fig. 2B; F(1, 20) = 5.660,
p = 0.027). Preference for EtOH continued to increase for both groups relative to pre-
removal preferences, however, the average SEFL group preference was still greater than that
of the control group. 2-way RM ANOVA test showed that there was no longer a significant
group difference in preference following reintroduction of EtOH (F(1, 20) = 3.301; p =
0.097). This shift of increased post-withdrawal preference in control rats seems to be due to
decreased water consumption (data not shown).

Late-SEFL & 2BC EtOH

Naive rats, placed on 2BC 19% EtOH drinking, had no significant between groups
difference in pre-removal EtOH consumption (Fig. 3A; 2-way RM ANOVA, F(1, 30) =
0.0067, p = 0.935). There was also no interaction between groups (note: SEFL treatment had
not happened yet) and presentation days (F(24, 719) = 0.493, p = 0.981). This is expected
since there was no experimental difference between the groups of rats at this point in time,
as they had not yet had the SEFL conditioning. After the 25 presentation, 2BC EtOH
presentations were halted for 40 days.

On the 28th day of withdrawal SEFL conditioning was performed for SEFL (n =15) and
control animals (n = 15) resulting in significantly increased freezing (Fig. 4) of SEFL rats
for each sub-context measurement of animal activity: Baseline (un-paired t-test; p = 0.001),
Post-shock and the Context Test measurement (un-paired t-test; p < 0.001). Within control
rats there were significant sub-context differences between Baseline and Post-shock (paired
t-test; p < 0.001) and Post-shock and Context Test freezing (paired t-test; p = 0.031),
however, Baseline and Context-test freezing was not significantly different (paired t-test; p =
0.062). Within SEFL rats Baseline and Post-shock and Baseline and Context-test freezing
were significantly different (paired t-test; both p < 0.001), but Post-shock and Context-test
were not (paired t-test; p = 0.620). As validation of SEFL conditioning across different
cohorts it is important that these data follow the same trend as the freezing data from
experiment 1.

After completion of SEFL treatment the 2BC EtOH drinking was reintroduced for 22
presentations. There was no difference in EtOH consumption between groups (Fig. 3A; 2-
way RM ANOVA; F(1, 30) = 0.615, p = 0.439). There was also no interaction between
SEFL treatment groups and presentation days (F(21, 629) = 0.654, p = 0.878). These data
show that SEFL conditioning does not have an effect upon previously acquired drinking
behaviors.

Control and SEFL rats started at similar preference levels and increased through the 25t
presentation (Fig. 3B), and there were no between group differences across the entire pre-
withdrawal drinking period when tested with 2-way RM ANOVA (F(1, 30) =0.289, p =
0.595). During the 22 post-withdrawal presentations the control group increased their
preference, however, this did not reach significance (2-way RM ANOVA; F(1, 30) < 0.001,
p > 0.05).
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Early-SEFL & 2BC Sucrose-Quinine

SEFL conditioning, done before 2BC drinking with Sucrose-Quinine, resulted in
significantly increased freezing (Fig. 5) of SEFL (n = 7) compared to control rats (n = 7)
with a group effect of significantly increased freezing of SEFL rats for each sub-context
measurement: Baseline (un-paired t-test; p < 0.034), and both Post-shock and the Context
Test measurement (un-paired t-test; p < 0.010). The freezing of the rats for experiment 3 was
the same as that seen for experiments 1 and 2.

After SEFL treatment animals were given intermittent access to 2BC Sucrose-Quinine
drinking. Sucrose-Quinine solution was used as an equivalent caloric substitute for 19%
EtOH as well as mimicking some of the taste components of EtOH without the
pharmacological properties (Di Lorenzo et al., 1986; Kiefer and Mahadevan, 1993). In the
control group, Sucrose-Quinine consumption continued to increase until the 315
presentation (Fig. 6A), while the SEFL group Sucrose-Quinine consumption reached a
plateau by the 17t presentation. These group differences, however, were not statistically
significant; as we found no effect of SEFL treatment on Sucrose-Quinine consumption
across pre-removal presentations using the 2-way RM ANOVA test (F(1, 12) =0.331,p=
0.576).

Sucrose-Quinine was removed for 40 days. Upon reintroduction, the average Sucrose-
Quinine consumption of the SEFL and control groups were slightly, but not significantly,
decreased (Fig. 6A). There were no significant group differences in Sucrose-Quinine
consumption across the post-withdrawal presentations (2-way RM ANOVA; F(1, 12) =
1.609, p = 0.229). These data suggest that it is not the caloric or taste value of 19% EtOH
which accounts for the significantly increased EtOH consumption of the SEFL group
compared to the control group that was shown with the voluntary EtOH drinking in the first
experiment. It is interesting to note that the trend of decreased Sucrose-Quinine consumption
is opposite to the significantly increased EtOH consumption from Experiment 1 (Fig. 2A).

Prior to removal, Sucrose-Quinine preference of SEFL and control groups did not
significantly differ (Fig. 6B, 2-way RM ANOVA; F(1, 12) = 0.0034, p = 0.955). There was
also no post-removal group differences in Sucrose-Quinine preference (2-way RM ANOVA;
F(1, 12) = 1.200, p = 0.295).

DISCUSSION
SEFL alters future EtOH drinking

We demonstrate that a single episode of un-signaled, inescapable foot-shock stress produces
increased voluntary EtOH consumption in alcohol naive Long-Evans rats. The increase in
EtOH consumption is persistent even after 40 days of withdrawal and consumption is higher
for previously stressed rats relative to unstressed controls upon reintroduction of EtOH (Fig.
2A). To our knowledge, only one previous study exposed EtOH naive rats to foot-shock
stress prior to voluntary EtOH drinking (Anisman and Waller, 1974). In contrast to our
findings, Anisman and Waller (1974) observed that rats that received foot-shock stress
increased their consumption transiently and did not maintain high level of EtOH
consumption without daily foot-shock stress. However, differences in experimental
parameters between the Anisman and Waller study and the present study may account for
the differences in findings. In our study the SEFL treatment context and 2BC EtOH drinking
context were absolutely different. This demonstrates that a single stressful event can
increase voluntary EtOH drinking even in an environment completely dissociable from the
stress environment. Analogous dissociation of drinking and stress environments may occur
in populations with co-morbid PTSD and alcohol use disorder. Thus, highly differentiable
stress and drinking environments are important procedural manipulations to incorporate into
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animal models of PTSD and voluntary EtOH consumption. Furthermore, the persistent
increases in consumption and preference for EtOH, that we show to be produced by a single
traumatic event, are in agreement with human data that shows persistent alcoholism years
after experiencing a life-altering trauma (Dedert et al., 2009; Farrugia et al., 2011;
McDevitt-Murphy et al., 2010; Ray et al., 2009; Savarese et al., 2001).

The large volume of data showing high rates of co-morbid AUDs and PTSD (Farrugia et al.,
2011; Kehle et al., 2012; Kulka, 1990; McDevitt-Murphy et al., 2010; Simpson et al., 2012),
in general show a correlation between the strength of PTSD symptoms and increased alcohol
consumption. There are significant gender effects, such that, women with primary onset
AUD and men with primary onset PTSD, have higher rates of depression compared to their
counterparts (Back et al., 2005). Also evidence exists which shows earlier age of onset for
drinking alcohol, higher rates of comorbid substance use disorders, poorer clinical prognosis
and decreased effectiveness of cognitive therapy for patients comorbid for AUD and PTSD,
when patients first experienced trauma beginning in childhood as compared to trauma
experiences beginning as an adult (Farrugia et al., 2011). Importantly, PTSD severity leads
to greater alcohol craving, whereas the reverse is not true; alcohol craving does not lead to
increased PTSD symptom severity (Simpson et al., 2012). This clinical evidence is in
agreement with the theory of self-medication, whereby patients will use drugs, such as
alcohol, in order to treat their symptoms of PTSD (Roberts et al., 2000; Stewart, 1996). The
Simpson et al., (2012) findings are analogous to the increased EtOH consumption of SEFL
rats we have shown here (Fig. 2A). Further, SEFL-induced freezing in animals that already
acquired EtOH drinking habits (Fig. 4) was not different from freezing behavior in EtOH-
naive SEFL rats (Fig. 1).

SEFL does not alter previously formed EtOH drinking habits

We have also demonstrated that rats previously exposed to voluntary EtOH drinking do not
change their EtOH consumption after the stress of SEFL treatment. This finding is similar to
many other studies where rats are exposed to foot-shock stress after baseline EtOH drinking
phase (Choca et al., 1977; Darnaudery et al., 2007; Fidler and LoLordo, 1996); however,
some studies have shown increases (Fullgrabe et al., 2007; Siegmund et al., 2005;
Vengeliene et al., 2003) or decreases (Brunell and Spear, 2005) in EtOH consumption
during foot-shock treatment days. Another group showed that withdrawal from forced EtOH
administration facilitated contextual foot-shock fear-learning and increased subsequent 2BC
EtOH drinking, and both increased EtOH drinking and increased fear were reduced by
extinction training (Bertotto et al., 2010). It is well-established that chronic intermittent
EtOH consumption results in numerous neuroadaptations in brain circuitry (Breese et al.,
2005; Koob, 2003; Kumar et al., 2009), and our data suggests that voluntary EtOH
consumption and withdrawal alters brain circuitry in a way that prevents SEFL conditioning
from affecting established EtOH drinking habits (Fig. 3A).

While our experiments addressed issues of order of onset, very few clinical studies have
addressed the order of onset of AUD and PTSD. A recent study evaluated personality traits
and PTSD symptomatology in a group of National Guard soldiers deployed to Operation
Iraqi Freedom to help differentiate between pre- and post-deployment onset AUD (Kehle et
al., 2012). By dividing soldiers into four groups: 1) never had AUD, 2) had AUD prior to
Iraq deployment, but no AUD symptoms after return, 3) persistent AUD before and after
Iraq deployment, and 4) AUD onset after Iraq deployment, the authors showed that the only
difference between groups 3 and 4 was that soldiers with new onset AUD reported more
severe symptoms of post-deployment PTSD (Kehle et al., 2012). These results are consistent
with literature demonstrating that PTSD symptoms are associated with heightened risk of
increased drinking behavior and often precede substance use disorders (Davidson et al.,
1990; McFarlane, 1998).

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 April O1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Meyer et al.

Page 9

Our data appears to contradict studies which demonstrated selective stress-induced increases
in voluntary EtOH consumption of rats previously made alcohol dependent using forced
chronic intermittent EtOH (CIE) treatment (Bertotto et al., 2010; Sommer et al., 2008). It is
worth noting that we tested EtOH consumption more than a week after SEFL conditioning
whereas other studies measured EtOH consumption during stress days. It is also important to
consider that while our voluntary EtOH drinking study may represent a model of habitual
EtOH consumption it may not necessarily represent a model of alcohol dependence. The
voluntary EtOH drinking paradigm we used results in blood EtOH levels of <150 mg/dl
(Simms et al., 2008), and we did not observe significant withdrawal symptoms in these rats
on the water days, however see (Li et al., 2011). Forced CIE administration by gavage, or
vapor inhalation (Roberts et al., 2000; Sommer et al., 2008) consistently results in blood
EtOH levels of >150 mg/dl and these high levels are necessary both to produce observable
withdrawal symptoms after individual dosing, and for the long-lasting dependence on
ethanol that follows CIE treatment and withdrawal (Liang et al., 2007; Roberts et al., 2000;
Sommer et al., 2008). Therefore, established alcohol dependence may be a necessary
condition for the detection of stress-induced alteration of voluntary alcohol consumption.

SEFL effect is specific to EtOH consumption

SEFL-induced increases in EtOH consumption may have been due to its caloric and taste
properties rather than its pharmacological properties. Therefore, our last experiment was
designed to determine the effects of SEFL on consumption of a caloric- and taste-equivalent
control for 19% EtOH. The taste of EtOH is best mimicked by a mixture of bitter and sweet
flavors, the closest cocktail is sucrose and quinine-HCI (Di Lorenzo et al., 1986; Kiefer and
Mahadevan, 1993). SEFL conditioning did not significantly affect consumption of the
Sucrose-Quinine solution (Fig. 6A). Our data are in agreement with a previous report
showing that stress does not lead to increased preference for sucrose (Calvo-Torrent et al.,
1999; Kant and Bauman, 1993). Thus, the increased EtOH consumption we observed in
early-SEFL rats is likely due to the pharmacological effects of EtOH. Intriguingly, there was
a trend for decreased Sucrose-Quinine average consumption of SEFL rats, especially after
the 20th 2BC presentation and continuing after reintroduction from the 40 day withdrawal
period. This trend of reduced Sucrose-Quinine consumption in SEFL rats is consistent with
previous reports of reduced sucrose preference and increased finickiness towards quinine
and may be an indication of anhedonia (Dess et al., 1988; Muscat and Willner, 1992).

CONCLUSIONS

In summary, this work shows that SEFL induced in EtOH-naive rats by unpredictable and
inescapable foot-shocks results in increased voluntary EtOH consumption, but does not
affect previously acquired EtOH drinking behavior. Increased voluntary EtOH consumption
is specific to EtOH since SEFL conditioning did not significantly affect Sucrose-Quinine
consumption. These behavioral findings further validate the SEFL model as a rodent model
of human PTSD. Future studies will seek to identify specific biochemical and functional
brain changes produced by SEFL conditioning in order to develop treatments for this
psychiatric disorder.
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Early SEFL freezing behavior
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Figurel. Early SEFL: freezing behavior

Ten days before beginning 2BC 19% EtOH drinking SEFL treatment was done. Behavioral
differences in fear response between control (n = 12) that only received a single shock and
SEFL (n = 10) rats that received 15 shocks in context A as well as a single shock in the
novel context. The % freezing time is a reliable measure of fear. The Context Test measures
the amount of fear learning that occurred to the novel context subsequent to the single
shock. SEFL conditioning resulted in significantly increased freezing SEFL compared to
control rats within each sub-context measurement of animal freezing activity as tested with
un-paired t-test: Baseline (*, p=0.041), Post-shock and Context Test (**, p < 0.001).

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 April O1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Meyer et al.

A 10

=
I
N g
[®)]
<
(S
= 6
[h]
£
? 4
c
(@]
o
I
5 2
L
0
B 100
T 80
(0]
S S
® c 60
O O
‘-IG—J(_)
S5 40
T35
Ok
LuUJ
39_20
0

Page 14

SEFL condtioning before 2BC

40d withdrawal

I T T T T T T T T T T T T

-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

Times (days)

(O Control .
] A SEFL 40d withdrawal
W T
2 i\,
® ]
S @,

-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time (days)

Figure2. Early SEFL: 2BC 19% EtOH

Ten days before the beginning of 2BC EtOH drinking, SEFL treatment was done to produce
SEFL (n = 10) and control (n = 12) rats. A) There was a significant group effect of increased
consumption in SEFL compared to control rats across the initial 31 presentations (2-way
RM ANOVA; t, H1,20) =5.364, p=0.031). EtOH treatment was removed for 40 days.
Upon reintroduction rats rapidly returned to high levels of EtOH consumption with a
significant separation in the amount of EtOH consumed between the two groups (2-way RM
ANOVA,; %, K1,20) =7.708; p=0.012). B) 2-way RM ANOVA showed significant group
differences only prior to 40 d removal of EtOH (f, /1,20) = 5.660; p=0.027), and a trend
of increased preference post-withdrawal (/(1,20) = 3.301; p=0.097).
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SEFL condtioning during withdrawal from 2BC

40d withdrawal

SEFL

O Control
A SEFL

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Times (days)

40d withdrawal

O Control
A SEFL

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Time (days)

Figure 3. Late SEFL: 2BC 19% EtOH

A cohort of stress naive rats (n = 30) began 2BC 19% EtOH drinking for 25 initial sessions.
2BC EtOH presentations were stopped for 40 days. On day 28 of withdrawal rats were
separated into SEFL (n = 15) and control (n = 15) groups using a counter-balanced method
based upon their 25th EtOH presentation drinking levels. SEFL treatment was done, and
2BC EtOH drinking was reinstated, for 22 presentations, at the end of 40 days. A) There was
no significant group effect of different 19% EtOH consumption in SEFL compared to
control rats across the initial 25 presentations (2-way RM ANOVA; A1,30) = 0.0067; p=
0.935). Upon re-introduction, rats rapidly returned to high levels of EtOH consumption,
maintaining a lack of significant difference in EtOH consumed between the two groups (2-
way RM ANOVA; K1,30) = 0.615; p=0.439). B) Although 37 of the 38 SEFL group (n =
15) treatments before and after withdrawal had a higher average EtOH preference than the
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control group (n = 15), 2-way RM ANOVA showed no significant group differences prior to
40 d withdrawal (F(1,30) = 0.289; p=0.595) or after withdrawal /1,30) < 0.001; p> 0.05).
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Figured4. Late SEFL: freezing behavior

On the 28th day of withdrawal SEFL treatment was performed for SEFL (n =15) and control
animals (n = 15). Behavioral differences in fear response between control and SEFL rats
resulted in significantly increased freezing of SEFL rats for each sub-context measurement
of animal activity: Baseline (un-paired t-test; *, p = 0.001), Post-shock and the Context Test
measurement (un-paired t-test; **, p < 0.001).
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Figure5. Early SEFL: freezing behavior

Approximately 10 days before beginning 2BC Sucrose-Quinine drinking SEFL treatment
was done. Behavioral differences in fear response between control (n = 7 that only received
a single shock and SEFL (n = 7) rats that received 15 shocks in context A as well as a single
shock in the novel context. The % freezing time is a reliable measure of fear. The Context
Test measures the amount of fear learning that occurred to the novel context subsequent to
the single shock. SEFL treatment resulted in significantly increased freezing compared to
control rats within each sub-context measurement of animal freezing activity: Baseline (un-
paired t-test; *, p < 0.05), Post-shock and Context Test (un-paired t-test; **, p < 0.01).
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Figure6. Early SEFL: 2BC 28.4% sucro0se-0.08% quinine

Ten days before the beginning of 2BC 28.4% sucrose-0.08% quinine drinking was
introduced, SEFL treatment was done to produce SEFL (n = 7) and control (n = 7) rats. A)
There was no significant group effect of 28.4% sucrose-0.08% quinine consumption in
SEFL compared to control rats across the initial 31 presentations (2-way RM ANOVA;
F1,12) =0.331; p=0.576). The 28.4% sucrose-0.08% quinine was removed for 40 days.
Upon re-introduction, control rats rapidly returned to pre-removal levels of 28.4%
sucrose-0.08% quinine consumption while consumption by SEFL rats remained low.
However, there was no significant difference in consumption after the 40 d removal (2-way
RM ANOVA; K1,12) = 1.609; p= 0.229). B) There was no significant difference in 28.4%
sucrose-0.08% quinine preference between control and SEFL rats before or after removal (2-
way RM ANOVA; F1,12) =0.0034; p=0.955 and A1,12) = 1.200; p=0.295,
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respectively). While not significant, the average SEFL rat preference for 28.4%

sucrose-0.08% quinine preference was lower than the control rat average preference for
every presentation after the 40 d removal.
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