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Abstract

The neuropeptide oxytocin interacts with mesolimbic dopamine neurons to mediate reward
associated with filial behaviors, but also other rewarding behaviors such as eating or taking drugs
of abuse. Based on its efficacy to decrease intake of other abused substances, oxytocin
administration is implicated as a possible treatment for excessive alcohol consumption. We tested
this hypothesis by measuring ethanol intake in male Sprague—Dawley rats injected with oxytocin
or saline using two different ethanol self-administration paradigms. First, a dose-response curve
was constructed for oxytocin inhibition of fluid intake using a modified drinking-in-the-dark
model with three bottles containing .05% saccharine, 10% ethanol in saccharine, and 15% ethanol
in saccharine. Doses of oxytocin tested were 0.05, 0.1, 0.3, and 0.5 mg/kg (I.P.). Next, rats
received 0.3 mg/kg oxytocin preceding operant sessions in which they were trained to lever-press
for either plain gelatin or ethanol gelatin in order to compare oxytocin inhibition of ethanol intake
versus caloric intake. For the three-bottle choice study, rats consumed significantly less ethanol
when treated with the three higher doses of oxytocin on the injection day. In the operant study, 0.3
mg/kg oxytocin significantly decreased ethanol gel consumption to a greater extent than plain gel
consumption, both in terms of the amount of gel eaten and calories consumed. These data affirm
oxytocin's efficacy for decreasing ethanol intake in rats, and confirm clinical studies suggesting
oxytocin as a potential treatment for alcoholism.
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Alcohol use and abuse can cause problems for individuals as well as society as a whole
(Kivimaki et al., 2014; Luu et al., 2014) and the search for efficacious treatments that reduce
ethanol intake and cravings invites novel approaches to possible therapies. The activity of

"Corresponding author at: 1345 Center Dr., Box 100487, University of Florida, Gainesville, FL 32610-0487, United States.

Author contributions: JP is the principle investigator, and designed the experiments and supervised all experimental work. RL and
KM are to be considered equal first authors of this paper. KM and RL wrote the majority of the manuscript, conducted experiments,
and collected data. BD, SD, and CT collected data and wrote sections of the manuscript. KW calculated all caloric data and
constructed the corresponding figures. RL, CT, and BD completed statistical analyses of the data. All authors provided feedback and
contributed to the final draft of the manuscript, approving it before submission.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

MacFadyen et al.

Page 2

dopaminergic neurons in mesolimbic pathways determines the reward value of both natural
and substance-related reinforcers (Gordon et al., 2011) such as sexual activity, pair bonding,
and consumption of high caloric foods and drugs of abuse such as ethanol (Chang et al.,
2014). The neuropeptide oxytocin impacts upon neurons in the mesolimbic pathway thereby
providing the possibility of oxytocin regulation of these behaviors (Shahrokh et al., 2010).
Oxytocin has been shown to inhibit heroin and methamphetamine self-administration at
doses as low as 0.3 mg/kg (Kovacs et al., 1985; Carson et al., 2010). These studies suggest
that oxytocin might also have the potential to be a treatment for addictive behaviors
including alcoholism.

When administered intranasally, oxytocin decreases both alcohol craving and withdrawal
symptoms in alcoholics in an inpatient setting (Pedersen et al., 2013). Additionally,
polymorphisms in the oxytocin receptor gene are related to the degree of alcohol-related
aggressive behavior (Johansson et al., 2012). Currently, few studies have fully addressed the
effects of oxytocin on ethanol intake. In mice, systemic administration of 10 mg/kg oxytocin
decreases voluntary ethanol consumption in a stressful environment (Peters et al., 2013).
Adolescent administration of 1 mg/kg oxytocin decreases ethanol intake well into adulthood
(Bowen et al., 2011). Unfortunately, the higher doses of oxytocin used in these studies may
have had sedative or other non-selective effects, which could confound interpretations of the
results.

Another important confounding factor to address when assessing oxytocin's ability to
regulate ethanol consumption is its effects on food reward and caloric intake. Studies using
obese rats have found that oxytocin administration reduces food intake and augments weight
loss, even at very low doses (Maejima et al., 2011; Morton et al., 2012). One study in
humans found that intranasal oxytocin reduced snack intake, particularly reducing sugary
snack intake by 25% (Ott et al., 2013). Other studies indicate that oxytocin activity may be
inhibited by sugar consumption in rodents (Mitra et al., 2010). Thus, appropriate controls
should be included in any study of the effects of oxytocin on ethanol intake to account for
the caloric value of ethanol.

Our experiments utilize two different models of ethanol consumption. In the first
experiment, rats were given a three-bottle choice of saccharine, 10% ethanol with
saccharine, and 15% ethanol with saccharine using a modified “drinking-in-the-dark”
paradigm. In this way, we could assess whether oxytocin inhibited overall ethanol
consumption (both concentrations) or selectively inhibited intake of a higher concentration
of ethanol. A second group of rats were trained to operantly respond for 10% ethanol-
containing gelatin (Peris et al., 2006) with plain gelatin serving as a control for nonselective
effects of oxytocin (e.g. sedation and appetite suppression).

Both of these experiments sought to determine oxytocin's ability to decrease voluntary
ethanol consumption in rats while not affecting control behaviors or caloric intake. Our
ultimate goal is to better characterize oxytocin as a possible treatment for alcohol addiction,
as well as further our understanding of how oxytocin regulates reward pathways in the brain.
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1. Method

1.1. Subjects

All studies used male Sprague—Dawley rats weighing approximately 300 g at the start of the
experiments. Rats were individually housed and kept on a 12/12 h light/dark cycle with ad
libitum access to food and water unless otherwise noted. For the three-bottle choice
experiment, the lights turned off at 11 AM every day, while for the operant studies the lights
were turned off at 6 PM every day. All rats were allowed a one week habituation period to
acclimate to the room environment prior to any experimentation. During the habituation
period, no injections were given and no ethanol was provided to the rats but they were
handled on a daily basis. All animal procedures were approved by the University of Florida
Institutional Animal Care and Use Committee and adhered to the animal welfare guidelines
issued by the National Institutes of Health.

1.2. Three-bottle choice: drinking in the dark

Rats initially received 2 days of 24 h access to three bottles containing three different
solutions: 0.05% saccharine (Sigma Aldrich), 10% ethanol in 0.05% saccharine, and 15%
ethanol in 0.05% saccharine, followed by a 24 h “break period” where one normal water
bottle was placed in the cage. This was followed by one week of 2 h daily access to the three
bottles to establish baseline consumption levels. The 2-h access period took place
approximately 3 h into the rats' dark (active) cycle throughout the experiment. After baseline
consumption was established, rats were habituated to receiving an intraperitoneal (1.P.)
saline injection of 1 ml per kilogram (kg) body weight, 30 min prior to receiving access to
the bottles. These saline injections occurred every day throughout the rest of the procedure
except for when oxytocin injections were given. Oxytocin treatment occurred only after
animals had habituated to the daily saline injections and ethanol consumption had returned
to normal levels.

On experiment days, rats received an I.P. injection of oxytocin 30 min prior to access to the
three bottles. Each oxytocin injection day was followed by four consecutive days of saline
injections. The rats received a total of four different doses of oxytocin: 0.05, 0.1, 0.3, and 0.5
mg/kg. Doses were calculated based on the weekly body weight of each rat. A Latin Square
design was implemented to determine the order of the injection days for each rat to ensure a
randomized, non-confounded treatment schedule.

1.3. Operant self-administration of ethanol gel and plain gel

The operant self-administration experiment utilized plain gelatin and 10% ethanol gelatin as
a reward. A separate group of rats (N = 12) were initially given 24 h access to ethanol gel (n
=6) or plain gel (n = 6) in 50 ml jars in their home cages for 48 h as a habituation period.
Ethanol gelatin was composed of 10% ethanol (W/w), 2.5% gel (Knox brand, Kraft Foods,
Northfield, IL), and 10% polycose (Abbot Laboratories, Abbott Park, IL), all by weight in
water. Plain gelatin had the same concentrations of gel and polycose, but with an equivalent
amount of water in place of ethanol. Two days of 24-h access in the home cage was followed
by two days of 6-h access then two days of 3-h access and finally rats were placed on 1-h
free access (starting 4 h after light on) until baseline consumption was stabilized. Operant
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training was then conducted as previously described (Kasper et al., 2013) and these 30-min
operant sessions also started 4 h after lights on. Briefly, rats were initially trained to bar
press on a fixed ratio (FR) 1 schedule. A small amount of gel was placed on the active lever
on the first day of operant responding to train rats to press only the active lever for gelatin
delivery. A free delivery of gelatin also occurred at the start of the session to show rats
where the gelatin would appear after successful responding. After the first day of operant
training, no gel was placed inside the chamber and no free deliveries were given. After ten
days of FR1 responding, rats were switched to an FR5 schedule, where they remained for
the duration of the experiment. After about two weeks, baseline consumption on an FR5
schedule was stable at 1.2 + 1.3 g ethanol/kg body wt, at which point rats were habituated to
receiving daily I.P. saline injections 30 min prior to the start of the operant session. Once
baseline consumption returned to normal levels after habituation to saline injections, rats
were given an |.P. injection of 0.3 mg/kg body weight oxytocin or an equivalent volume of
saline 30 min prior to the start of the operant session. The dose of 0.3 mg/kg was chosen
based on its efficacy in the three-bottle choice study to selectively inhibit ethanol
consumption without any trend for affecting saccharine consumption.

The operant chambers and infusion pumps were located inside sound attenuating isolation
cubicles (Coulbourn Instruments, Allentown, PA). Operant chambers consisted of a grid
floor, solid walls, and measured 50.8 cm W x 25.4 cm D x 30.5 cm H. Two levers
symmetrically protruded from either side of the same wall with a drinking chamber between
them. A spout protruded into the drinking chamber and was positioned behind an optical
lickometer that recorded each time a rat licked the drinking spout. The spout was connected
to a 20 ml syringe filled with gelatin fitted into a syringe pump located outside the operant
chamber but within the cubicle. Successful completion of the FR5 contingency resulted in
0.2 g gel delivery. Gel delivery and behavioral data collection were controlled by Graphic
State 5.2 operating software (Coulbourn Instruments, Allentown, PA). Pumps were
calibrated on a regular basis to ensure accurate gelatin delivery; and, gelatin consumption
was confirmed after each operant session by checking the drinking chamber for unconsumed
gelatin. Any spillage that occurred was collected in a removable tray under the lickometer,
weighed to the nearest 0.01 g and subtracted from the daily total. Spillage was extremely
rare (mostly occurring during the first few operant sessions) and did not occur for any
animal on any oxytocin treatment day or any of the pre-or post-treatment days included in
the analyses.

Oxytocin (Sigma Aldrich) was dissolved in 0.9% saline and administered as an
intraperitoneal injection at different concentrations as previously listed. Vehicle injections
consisted of 0.9% saline given at the same volume of injection as the oxytocin dose.

1.5. Statistical analysis

For the three-bottle choice experiment, saccharin intake was expressed as ml of fluid per kg
of body weight and ethanol intake was expressed as grams of ethanol per kg of body weight.
Data were analyzed using a 3 x 4 repeated measures ANOVA regarding treatment (pre-
injection, injection, and post-injection) and dose of oxytocin administered (0.05, 0.1, 0.3,
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and 0.5 mg/kg) as repeated variables. The ANOVA program was provided by SPSS software
(IBM Software, Armonk, New York). The pre-injection and post-injection ethanol
consumption data for each dose was based on a four day average, respectively.

Gel consumption data was expressed as grams of gel per kg of body weight, with ethanol
consumption being expressed as grams of ethanol per kg of body weight (equal to 10% of
gel consumed). For analyzing caloric intake, gel consumption was expressed as calories per
gram of gel consumed. The 10% ethanol gel contained 1.1 cal/g and the plain gel contained
0.38 cal/g. All data were analyzed by three-way mixed factor ANOVA; main factors
included gel type (between group), drug treatment and days (repeated measures). For
analysis of a single operant session by minutes, data were analyzed by three-way mixed
factor ANOVA with the main factors being gel type (between groups), drug treatment and 3-
min intervals (repeated measure). In all cases, the accepted level of significance was p <
0.05.

2.1. Three-bottle choice

Total baseline ethanol intake after saline injections (Fig. 1, pre- and post-injection) was 1.6
+ 0.2 g/kg ethanol with 0.6 £+ 0.1 g/kg provided by the 10% ethanol solution and 1.0 + 0.1
g/kg ethanol provided by the 15% solution. Since oxytocin inhibited intake of both ethanol
concentrations equally (data not shown), Fig. 1 shows the effect of oxytocin (0.05 mg/kg,
0.1 mg/kg, 0.3 mg/kg, and 0.5 mg/kg) on total ethanol consumption during three-bottle
choice sessions. A two-way ANOVA revealed a significant effect of treatment on ethanol
consumption (F(2,6) = 29.88; p < 0.005), demonstrating a decrease in total ethanol intake of
about 40% on days when oxytocin was administered. Pairwise comparisons of treatment
groups demonstrated significant decreases in ethanol intake after oxytocin injection relative
to pre-injection and post-injection (after saline injections) for the three higher doses of
oxytocin with no difference in the inhibition caused by these three doses.

The effects of 0.05, 0.1, 0.3 and 0.5 mg/kg oxytocin on the consumption of saccharin
solution (with 0% ethanol) were also quantified (Fig. 2). Although there was nosignificant
effect of any oxytocin dose on saccharine consumption compared to saline injections (pre-
and post-oxytocin treatment) as measured by ANOVA (F(2,6) = 1.5; p > 0.1), the large
degree of variability in daily saccharine consumption across animals and across days limits
any conclusions. Additionally, due to the unequal variances of the data on different treatment
days, the assumption of homoscedasticity prior to application of ANOVA was violated.
Therefore, we also tallied the number of animals showing a decrease in saccharine
consumption on the oxytocin treatment day compared to consumption after a saline injection
the day before. After 0.05 mg/kg oxytocin, 50% of animals decreased ethanol consumption
compared to the previous day while 25% of animals decreased saccharine consumption after
this dose of oxytocin. After 0.1 mg/kg, 100% of animals decreased ethanol consumption and
25% decreased saccharine consumption; after 0.3 mg/kg, 100% of animals decreased
ethanol consumption and 50% decreased saccharine consumption; and after 0.5 mg/kg,
100% of animals decreased ethanol consumption and 75% decreased saccharine
consumption. Thus, on oxytocin treatment days, we observed less predictable instances of
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decreased saccharine consumption compared to the 100% occurrence of decreased ethanol
intake after 0.1, 0.3 and 0.5 mg/kg oxytocin doses.

2.2. Operant responding for ethanol and plain gelatin after oxytocin administration

When a second set of animals was allowed to operantly self-administer ethanol gel (N = 6)
or plain gel (N = 6) in daily 30-min sessions, stable baseline consumption was attained of
about 15 g plain gel/kg body wt and 12 g/kg ethanol gel (1.2 + 1.3 g/kg body wt) as shown
in Fig. 3 (Days 1-3). On day 4, animals received either a saline injection or 0.3 mg/kg
oxytocin injection 30 min prior to the start of the operant session. As shown in panel A,
oxytocin decreased ethanol gel consumption by about 30% (to about 0.8 g ethanol/kg body
wt) but decreased plain gel consumption by less than 10%. These observations were
supported by a significant treatment by gel type interaction (F(1,10) = 7.94, p < 0.05). When
data was analyzed separately for ethanol and plain gel, there was a significant treatment by
day interaction for ethanol gel (F(2,4) = 12.74, p < 0.05) but not for plain gel (F(2,4) = 2.38,
p = 0.2). Thus, the effects of oxytocin decreased ethanol intake from about 1.2 g/kg to 0.75
g/kg ethanol during the 30-min operant session.

We next converted the gel consumption data into calories consumed per kg body wt, since
the caloric content of the ethanol and plain gel differs considerably (although not to the
extent as with ethanol vs saccharine solutions). As shown in panel B of Fig. 3, there was
significantly higher caloric consumption when rats had ethanol gel as a reward compared to
plain gel. After 0.3 mg/kg oxytocin injection, caloric consumption in ethanol gel groups was
decreased to that of plain gel groups with very little effect on caloric consumption of plain
gel. There was a significant treatment by gel type by day interaction (F(2,20) = 9.78, p <
0.05).

When the pattern of gel consumption during the 30 min operant session was grouped into 3-
min bins and analyzed (Fig. 4, panels A and B), oxytocin significantly decreased both plain
gel and ethanol gel consumption in the first 15 min of each session compared to saline
injection, but there appeared to be a greater inhibition in the ethanol gel group. ANOVA
revealed significant treatment x time interactions for both types of gel (plain gel: F(1,5) =
8.21, p < 0.05; ethanol gel F(1,5) = 32.71, p < 0.05) but there was not a significant gel type
by treatment by time interaction. Similar findings were found when data were converted to
calories instead of grams of gel (Fig. 4, panels C and D) with oxytocin decreasing caloric
consumption in the ethanol gel group to that in the plain gel group.

We then expressed these data as the percent of ethanol or plain gel consumed during the
corresponding 3-min period of the previous day's operant session (after a saline injection).
As shown in Fig. 5, there was significantly greater oxytocin inhibition in the ethanol group
(F(1, 34) =5.29, p < 0.05). Data were analyzed during the first 9 min of the operant session
when the majority of gel was consumed.

3. Discussion

Using a three bottle choice experiment, peripheral administration of oxytocin significantly
reduced ethanol consumption in adult male rats from an average intake of 1.6 g ethanol/kg
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body wt to around 1 g ethanol/kg body wt (Fig. 1). Our results are consistent with the
current literature supporting the ability of peripherally administered oxytocin to decrease
alcohol consumption in adolescent male rats (Bowen et al., 2011) and extends these findings
to adult rats using much lower oxytocin doses with fewer sedative side effects. These
outcomes suggest an inhibitory effect of oxytocin on ethanol consumption and support the
observation that oxytocin inhibits ethanol reward (Bahi, 2015). However, we could not
eliminate the possibility that oxytocin might have had non-selective effects on fluid
consumption or caloric intake.

Based on the literature concerning the role of oxytocin in modulating food intake, we then
used the “jello shot” model of operant ethanol intake (Peris et al., 2006) since it would allow
for a comparison of the effect of oxytocin on the consumption of a similar caloric reward.
Although there did appear to be a small inhibitory effect of oxytocin injection on plain gel
responding, consumption of ethanol gel was inhibited to a greater extent, both over the
whole 30-min session and during the first 9 min of the session (Figs. 3-5). Daily operant
self-administration of ethanol was reduced from 1.2 g/kg body wt to less than 0.7 g/kg body
wit, a significantly less intoxicating dose. It is possible that the rats decreased responding for
ethanol gelatin due to the effect of oxytocin on their ability to self-titrate ethanol intoxication
(Becker et al., 2013). However, it should be noted that the caloric content of the ethanol and
plain gels still differed considerably due to the high caloric content of ethanol. Therefore it is
possible that there is a greater inhibitory effect of oxytocin on rewards with higher caloric
content regardless of the level of ethanol intoxication.

The dose of oxytocin used in the operant study falls within the range of doses that have been
shown to decrease food intake in obese animals (Maejima et al., 2011; Morton et al., 2012).
However, these studies used repeat administrations of oxytocin and measured total food
intake whereas our study used a single injection and measured consumption over a 30 min
period. Although oxytocin did significantly decrease plain gel consumption in the first 15
min of the session (Fig. 4), there was a greater effect on ethanol consumption particularly
when taking the different caloric values of the gel into account (Fig. 5). Thus, it is likely that
oxytocin does decrease the animal's specific appetite for ethanol gel more so than overall
appetite.

One of the criticisms of these data is that a fixed ratio operant schedule does not accurately
characterize the motivation of the animal to obtain the reward but simply the point at which
an animal is satiated. A progressive ratio operant schedule, on the other hand, uses
increasing response requirements to determine the reinforcing properties of a stimulus by
comparing the point at which an animal will no longer work to receive a reward. Previous
studies in our lab have found that using a progressive ratio schedule, breakpoint values do
not significantly differ between plain gel and ethanol gel (Li et al., 2010). Thus it will be
important in future experiments to test the effects of these doses of oxytocin on motivation
for ethanol and plain gel reward using progressive ratio schedules of reinforcement.

There is still no definitive mechanism describing how peripheral oxytocin administration
gains access to the central nervous system. Oxytocin is a nine amino acid neuropeptide,
therefore its uptake into brain extracellular fluid is vastly restricted by the blood brain
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barrier. Until recently, studies demonstrating oxytocin's ability to influence social
development and cognition have been discussed with much controversy surrounding this
blood brain barrier issue. However, work by Landgraf and Neumann (Neumann and
Landgraf, 2012; Landgraf and Neumann, 2004) demonstrates the ability of exogenous
neuropeptides to cross the blood brain barrier in small, but functionally significant amounts.
Oxytocin administered by the I.P. route caused a 40-fold increase in plasma levels that were
detectable at 10 min post-injection (Neumann and Landgraf, 2012). Similarly,
microdialysate samples from the right dorsal hippocampus and left amygdala detected a rise
in central oxytocin concentration within brain extracellular fluid after peripheral
administration (Neumann et al., 2013). This peripheral increase in oxytocin concentration
coupled with approximately 0.2% of peripheral administered oxytocin being able to cross
the blood brain barrier potentially leads to direct binding of oxytocin to central oxytocin
receptors (Ermisch et al., 1985; Kendrick et al., 1986; Engelmann et al., 1996). It has also
been suggested that systemic effects of oxytocin may be regulated by afferent feedback from
peripheral tissues that are sensitive to oxytocin (Cushing and Carter, 2000). It is possible that
this feed-forward phenomenon of peripheral oxytocin leading to increases in central
oxytocin levels might explain why there was not a graded dose—response curve to oxytocin
in the three-bottle choice experiment. Future studies should measure central oxytocin levels
using microdialysis in response to different doses of systemic oxytocin administration and
correlate these levels to the degree of inhibition of ethanol intake.

The results from our experiments contribute to mounting evidence that oxytocin decreases
ethanol intake, possibly via a specific action in the nucleus accumbens (Bahi, 2015) and thus
could be an effective treatment for alcohol addiction. If future studies are extended to human
subjects, it could pave the way for oxytocin to be introduced as a method for treating
addiction to ethanol.
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Fig. 1.

O)?ytocin inhibits total ethanol consumption during three-bottle choice limited access. Rats
had access to ethanol and saccharine solutions for 2-h daily, preceded by either saline or
oxytocin I.P. injections 30 min earlier. Pre-injection and post-injection treatment periods
represent average ethanol consumption for all rats after daily saline injections during the 4-
day periods before and after oxytocin injections, respectively. Oxytocin injection data
represent average ethanol consumption across all rats for each dose of oxytocin. All rats
received each dose of oxytocin once in a randomized, non-confounded order via a Latin
Squares design. Each line represents a different dose that was administered. Data are
represented as mean (total ethanol consumption [g/kg]) £ SEM. * indicates p < 0.05
compared to pre- and post-treatment days.
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Fig. 2.

Tr?e effects of saline and oxytocin injections on saccharine consumption during three-bottle
choice limited access. Rats had access to ethanol and saccharine solutions for 2-h daily,
preceded by either saline or oxytocin I.P. injections 30 min earlier. Pre-injection and post-
injection treatment periods represent average saccharine consumption for all rats after daily
saline injections during the 4-day periods before and after oxytocin injections, respectively.
Oxytocin injection data represent average saccharine consumption across all rats for each
dose of oxytocin. Each line represents a different dose that was administered. Data are
represented as mean (total saccharine consumption [ml/kg]) £ SEM.
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Fig. 3.

Tr?e effect of 0.3 mg/kg oxytocin on ethanol gel or plain gel operant self-administration.
Rats were injected I.P. with either oxytocin (indicated by arrow) or saline (all other days) 30
min prior to the start of the operant sessions. Separate groups of rats responded for either
ethanol gel (n = 6) or plain gel (n = 6) reinforcement during the 30-min sessions. Panel A
shows the consumption of plain gel and ethanol gel in grams of gel per kg body weight.
Since the ethanol gel contained 10% ethanol (1/w) the baseline ethanol intake on saline
injection days was about 1.2 g/kg ethanol/kg body wt (12 g gel/kg body wt). Panel B shows
the consumption of plain and ethanol gel in calories consumed per kg body weight.
Oxytocin significantly decreased ethanol consumption to a greater extent than plain gel
consumption compared to saline injections both when graphed as grams of gel or calories.
Shown are means + SEM. * indicates p < 0.05 compared to same day ethanol gel
consumption after saline injection.
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Fig. 4.

Ti?ne course of oxytocin inhibition of plain and ethanol gel consumption and calorie
consumption during an operant session. Rats were given 0.3 mg/kg oxytocin or saline via
i.p. injection 30 min prior to the start of the operant session in which they responded for
either plain gel (n = 6) or 10%-ethanol gel (n = 6). Oxytocin significantly lowered both
ethanol and plain gel consumption during the first 15 min of the session compared to saline
injection. Consumption is shown for each 3 min period of the operant session. Panel A
shows plain gel consumption, expressed as grams of gel consumed per kg body weight.
Panel B shows ethanol consumption, expressed as grams of ethanol consumed per kg body
weight. Panel C shows plain gel calorie consumption, and Panel D shows ethanol calorie
consumption, both expressed as calories consumed per kg body weight. Shown are means +
SEM. * indicates p < 0.05 compared to saline treatment at that time point.
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Oxytocin inhibition of ethanol gel intake is greater than inhibition of plain gel intake.
Oxytocin inhibition of ethanol gel (n = 6) and plain gel (n = 6) intake is expressed as a
percent of the control consumption measured during the same time period of the previous
day's operant session which occurred after a saline injection. Data are presented for the first
three 3-min periods of the operant session when gel consumption was highest and most
consistent. Oxytocin significantly inhibited ethanol gel consumption more than plain gel.
Shown are means + SEM. * indicates p < 0.05 for an overall difference between oxytocin
inhibition of plain gel and ethanol gel consumption.
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