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Motivational Properties of Oxytocin in the

Conditioned Place Preference Paradigm
Israel Liberzon, M.D., Keith A. Trujillo, Ph.D., Huda Akil, Ph.D., and Elizabeth A. Young, M.D.

We hypothesized that oxytocin might have intrinsic
reinforcing properties and studied it using a conditioned
place preference. Three studies examining motivational
properties of oxytocin in nonpreferred, preferred, and
balance designs were performed utilizing two compartment
apparatus. On alternate days, compartments were paired
with subcutaneously injected oxytocin (6 mg/kg) or saline,
and animal pre- and post-conditioning place preference was
compared. Whereas in animals paired with saline there was
a shift to a lack of preference, oxytocin-treated animals
reversed their preference, spending more time in a
previously unpreferred, compartment. In preferred

compartment design, oxytocin-treated animals further
increased their preference, whereas saline-treated animals
decreased their preference toward a nonpreference for either
compartment. Our results demonstrate that oxytocin
produces a reliable and robust preference for the
environment with which it is repeatedly associated, and has
rewarding or potentially anti-aversive properties. Future
studies are needed to distinguish among these possibilities.
[Neuropsychopharmacology 17:353-359, 1997]
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In recent years it has been recognized that the hypotha-
lamic nonapeptide oxytocin has an important function
as neurotransmitter / neuromodulator within the central
nervous system (CNS), in addition to its systemic role
as a hormone involved in parturition and lactation. The
majority of oxytocin immunoreactive neurons are local-
ized in hypothalamic paraventricular and supraoptic
nuclei, and project to multiple sites within the limbic
system (Buijs 1978; Buijs and Swaab 1979). High densi-
ties of oxytocin receptors are found in the olfactory nu-
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clei, nucleus accumbens, bed nucleus of stria terminalis,
ventromedial hypothalamus, lateral septum, amygdala,
hippocampus, and subiculum (Tribollet et al. 1988; Tri-
bollet et al. 1992). Behavioral studies suggest that oxyto-
cin is involved in the mediation of a variety of biologi-
cally important functions—reproduction, affiliation,
ingestion, neuroadaptation, stress regulation, and
memory (Burbach et al. 1992; Caldwell 1992; Carter et
al. 1992; de Wied 1978; Grassi and Drago 1993; Insel and
Shapiro 1992a; Insel and Shapiro 1992b; Kovacs et al.
1979; Panksepp 1992), functions that have been linked
to activation of limbic and paralimbic systems.

To date, oxytocin’s role in the mediation of repro-
ductive behaviors has been studied the most, and has
been established across species in a variety of experimen-
tal paradigms. Exogenous administration of oxytocin
reliably induces sexual, maternal, and affiliative behav-
jor (Caldwell 1992; Carter et al. 1992; Insel and Shapiro
1992b; Keverne and Kendrick 1992), while oxytocin an-
tagonists or antisera suppress the expression of these
behaviors (Insel and Winslow 1991). Other behavioral
functions of oxytocin that have been extensively inves-
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tigated are its effects on memory, learning, and neuro-
adaptation. In studies of learning and memory, oxyto-
cin has been reported to facilitate extinction of learned
avoidance (de Wied et al. 1987), while oxytocin antisera
have been found to increase retention of passive avoid-
ance (de Wied et al. 1991), suggesting that oxytocin has
an intrinsic amnestic property. Oxytocin’s effects on
memory in humans (Leckman et al. 1994; Mazurek et al.
1987), and its inhibitory effects on the development of
dependence and tolerance to opiates and cocaine (Sarn-
yai and Kovacs 1993) also suggest that it plays an im-
portant role in modulation of neuroadaptation and
learning (possibly inhibiting these processes). Prelimi-
nary data on oxytocin’s effects on the stress response,
grooming behavior and nociception suggest that oxyto-
cin administration promotes coping with stress by in-
hibiting some processes and inducing others. Oxytocin
decreases distress vocalization, induced by maternal
separation, in chicks (Panksepp 1992), diminishes endo-
crine stress responses (Lightman 1992), prevents forma-
tion of stress-induced gastric lesions (Grassi and Drago
1993), and induces stress adaptive behaviors such as
grooming (Van Erp et al. 1993; van Erp et al. 1995) and in-
creased tolerance of nociceptive stimuli (Agren et al. 1995).
Although it is possible that each of the above men-
tioned effects has a separate underlying neurobiological
mechanism for its expression and that oxytocin plays a
distinct role in each one of these, its seems logical to hy-
pothesize that oxytocin may produce a more general
behavioral effect which modifies the expression of these
specific behaviors. A possible candidate for this “more
general effect” is the presence of reinforcing properties
of oxytocin. Such properties would allow this peptide
to influence a number of different behaviors. We there-
fore chose to study motivational properties of oxytocin
using a condition place preference paradigm (CPP).
CPP has been used widely in recent years to assess
the motivational or reinforcing properties of pharmaco-
logical agents (Bardo et al. 1995). Briefly, animals are re-
peatedly exposed to two different compartments with
distinctive cues, one is pared with a drug and the other
with the vehicle. If the drug has reinforcing properties,
the compartmental cues acquire secondary reinforcing
characteristics which result in the animal spending
more time in the drug-paired compartment when given
a choice between compartments. If the drug has aver-
sive properties, the animal spends less time in the drug-
paired compartment. The effect is usually defined by
the change in duration spent in the drug-paired com-
partment after conditioning. While reinforcing proper-
ties of drugs are most commonly studied using CPP,
the paradigm has also been shown to be useful in
studying rewarding or aversive elements of specific be-
haviors such as sexual interaction (Oldenburger et al.
1992), attenuated reward sensitivity in anhedonia (Papp
et al. 1991) and analgesic properties of a given drug
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(Sufka 1994), suggesting that CPP is sensitive to changes
in general motivational milieu (reinforcing vs. aversive)
associated with a given condition. Therefore, if oxytocin
has intrinsic reinforcing or aversive properties, one should
be able to demonstrate them using the CPP paradigm.

METHODS

We used a total of 45 experimentally naive, male Sprague-
Dawley rats (Charles River) in three studies (12, 12, and
21 animals, respectively). Animals were housed in
groups of three in stainless steel cages on 12 h light-
dark cycle. Food and water were allowed ad libitum. All
animals were allowed 7 days to habituate to the animal
colony before the beginning of the experiments (first
day of the handling). Animals weighed 250-300 g at the
start of the studies.

Apparatus

Two identical Plexiglas shuttle boxes (80 X 25 X 50 cm)
were used for the experiments. Both compartments had
a clear ceiling, stainless steel grid floor and sawdust lit-
ter below the floor. One of the compartments had black
walls, while the other had white walls. A stainless steel
guillotine door separated the compartments and could
be removed to allow free access to both compartments.
Four photoelectric sensors mounted 1 cm above the
floor, at 5 cm intervals across the length of each com-
partment, detected the animal’s entrance, presence, and
movement, as well as the amount of time spent in the
compartment. During the experiment, low intensity
white noise was delivered to the testing room to mini-
mize the effects of ambient sounds. The testing rooms
were dimly lit by a single ceiling fixture.

We pretested the apparatus for its ability to detect
place preference conditioning with two different groups
of animals, utilizing morphine sulfate and naloxone as
reinforcing and aversive agents, respectively. We could
clearly induce both conditioned place preference by
morphine sulfate and place aversion by naloxone (Liber-
zon unpublished data), replicating results published in
the literature (Trujillo et al. 1991) regarding the reinforc-
ing properties of these compounds, and validating the
testing conditions.

Procedure

Three separate experiments were performed, using pro-
cedures similar to those described previously (Trujillo
et al. 1991). Animals were weighed and handled daily
for six days prior to testing. During the next three days
animals were placed in the apparatus for 15 min/day
with free access to both compartments (guillotine door
removed). Animals were placed between the compart-
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ments facing either the white or black compartment.
The direction of initial placement (animal head facing
white or black compartment) alternated on condition-
ing days and was counterbalanced within the groups.
The amount of time spent by the animal in each com-
partment during the third (and the last) day of testing
was recorded and used as a measure of initial prefer-
ence. The following eight days served as conditioning
days. On alternate days animals were injected subcuta-
neously with oxytocin and confined to one of the com-
partments for 30 min, or injected with the saline and
confined to the other compartment. The order of the in-
jections was counterbalanced. Oxytocin was paired with
the non-preferred compartment in Study I, the preferred
compartment in Study II, and there was a random as-
signment of drug/compartment pairs (balanced de-
sign) in Study III. Control animals received saline in
both compartments. On the last day (post-conditioning
test day), the animals were placed between compart-
ments and allowed free access to both sides for a period
of 15 min. The time spent in each compartment was re-
corded as the post-conditioning place preference. The
compartments were cleaned with dilute soap solution
and the bedding was changed prior to each animal’s ex-
posure, to minimize the odor of the previous animal.

Drug

We compared oxytocin (Peninsula Labs) to vehicle (0.9%
NaCl). Both oxytocin and saline were injected subcuta-
neously, using a 25G needle in a volume of 0.5 ml im-
mediately prior to the placement of the animal in the
appropriate compartment. Animals exhibited minimal
to no visible distress as a result of injections. Oxytocin
was administered at the dose of 6 mg/kg in Studies I
and IT and 6 mg/kg and 0.06 mg/kg in Study III. Doses
were chosen based on the dose ranges used in previ-
ously published research, in other behavioral para-
digms (Arletti et al. 1990).

Data Analysis

Motivational properties of oxytocin were determined
by its ability to modify the preference of the rat for the
compartment paired with peptide. The place preference
(dependent measure) is expressed as the difference be-
tween the amount of time spent in the drug-paired
compartment and the amount of time spent in the sa-
line-paired compartment. This method of calculating
place preference has been widely used in conditioned
place preference research (Trujillo et al. 1991). Pre-con-
ditioned (initial) preference and post-conditioned (fi-
nal) preference between the groups were compared us-
ing a repeated measures ANOVA, with oxytocin vs.
saline as the independent variables, and test day as the
repeated measure.
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RESULTS
Study I

During preconditioning, animals spent significantly
more time in one compartment compared with the
other, and this was the basis for determining preferred
or nonpreferred side (mean = —399.8, df = 11, paired ¢
value —6.37, p = 0.0001). Black and white sides of the
box were roughly equally preferred by the animals
(seven and five animals, respectively). In half of the ani-
mals the nonpreferred side was paired with oxytocin
(treatment group) and in the other half this side was
paired with saline (control group). The preferred side of
the box was paired with saline in both groups. The data
from one animal (control group) was excluded from the
analysis because this animal exhibited abnormal behav-
ior (almost no movement) on the testing day, and the
animal’s place preference values for the same day fell
3.5 standard deviations away from the mean of the
group. Following conditioning, there was a change in
place preference in both groups of animals (repeated
measures ANOVA effect of time, F;q = 239, p =
0.0009), and there was a significant effect of treatment
(repeated measures ANOVA effect of treatment, F(; o) =
9.0, p = 0.014). Whereas saline-treated animals de-
creased their preference toward a non-preference to ei-
ther side (mean = —132.4, SE = 111.6) oxytocin-treated
animals switched their preference to oxytocin paired
side (mean = 224, SE = 113) (see Figure 1). Post hoc
comparisons revealed that there was a significant differ-
ence in place preference between the treatment groups
on postconditioning day (Newman-Keuls, p = 0.035),
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Figure 1. Effects of oxytocin, paired with the initially non-
preferred compartment, on CPP. The saline group received
saline in both compartments. Note: whereas animals treated
with saline lost preference (habituated), oxytocin treated ani-
mals reversed their preference, developing preference to the
oxytocin paired compartment.
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Figure 2. Effects of oxytocin, paired with the initially pre-
ferred compartment, on CPP. The saline group received
saline in both compartments. Oxytocin-treated animals fur-
ther enhanced their preference to the oxytocin paired com-
partment.

while there was no difference between the groups on
the preconditioning day (Newman-Keuls, p = 0.25).

Study II

Since in Experiment 1 we observed a change in the
same direction in both groups (away from the non-
preferred compartment), the contribution of nonspecific
effects of habituation and loss of place preference, as a
result of time spent in the testing apparatus, could not
be ruled out. To isolate the effects of oxytocin from the
possible effects of habituation and loss of place prefer-
ence we performed a second study pairing oxytocin
with the injtially preferred side of the shuttle box. The
preferred side of the box was paired with oxytocin or
saline, as described above. There was no significant dif-
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Figure 3. Effects of oxytocin and saline on CPP in a bal-
anced design. Note the direction of change in both groups of
animals treated with oxytocin as compared to saline-treated
animals.
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ference in preference between oxytocin and saline
groups prior to conditioning. Following conditioning,
the saline-treated animals decreased their preference to-
ward a nonpreference for either compartment, whereas
oxytocin-treated animals further increased their prefer-
ence for the oxytocin paired compartment (repeated
measure ANOVA significant effect of interaction F; g, =
18.4, p = 0.002) (See Figure 2).

Study III

In the third experiment we attempted to establish a
dose response relationship for the effects of oxytocin on
place preference. Overall results show no significant ef-
fect of dose on place conditioning (repeated measures
ANOVA, F =192, df = 2, p = 0.17 for dose and F =
0.9847, df = 2, p = 0.39 for interaction). However, since
there was no apparent difference between two doses of
oxytocin, the data for these groups was pooled and the
effects reanalyzed. These results demonstrate that ani-
mals injected with oxytocin increased their preference
after conditioning to the oxytocin paired side (repeated
measure ANOVA effect of treatment F;,, = 9.1, p =
0.007) (See Figure 3).

We have measured locomotor activity during the ex-
periments to ascertain the possibility of animals chang-
ing their behavior (such as demonstrating freezing or
exploratory behavior) following oxytocin administra-
tion. Presence of such change, unrelated to the motiva-
tional or hedonic aspects of the behavior, would con-
found the interpretation of our results. The activity of
the animals during the conditioning phase did not dif-
fer between the oxytocin and saline groups, and re-
mained constant with some day to day variations (Fig.
4—only data from Study II is shown). Activity is ex-

Activity - Study II
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Figure 4. The effects of oxytocin and saline injections on
locomotion during the eight conditioning days (four saline
and four oxytocin). There was no significant difference
between the groups on either day or overall. Only Study II

data are shown for the purpose of illustration.
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pressed as photobeam breaks. There was no difference
in activity in the oxytocin paired and saline paired com-
partments in either of the studies on the testing day.
Overall, there was a trend for increased activity on the
postconditioning day as compared to the precondition-
ing day (Study III, repeated measure ANOVA, effect of
time F(,;; = 3.2, p = 0.09). However, there was no dif-
ference between the oxytocin and saline paired groups
and there was no interaction effect between the phar-
macological agent and the day of testing.

DISCUSSION

In the current studies we have demonstrated the effects
of oxytocin on conditioned place preference in male
rats. Whether it was paired with the initially nonpre-
ferred compartment, the initially preferred compart-
ment, or administered in a balanced manner, oxytocin
caused an increase in preference for the compartment
associated with the peptide. The results suggest that oxy-
tocin has rewarding properties when administered sub-
cutaneously in pharmacological doses. In contrast, con-
trol animals—paired with saline in both compartments—
progressively lose their initial place preference and after
eight days of exposure display little or no place prefer-
ence, spending an equal amount of time in both sides of
the shuttle box. The latter effects have previously been
reported and interpreted as habituation to the apparatus
over the eight days of conditioning (Trujillo et al. 1991).
In view of this natural process we believe the finding of
an enhancement of preference exhibited in the second ex-
periment is especially convincing.

Since oxytocin was administered subcutaneously,
we cannot ascertain whether this effect is mediated via
peripheral or central mechanisms. We were unable to
demonstrate a dose-response relationship using two oxy-
tocin doses in the last experiment. Taken together, oxy-
tocin treated animals changed their place preference
similarly to the first two experiments, however there
were no significant differences found when analyzed
separately with a repeated measures ANOVA. The bal-
anced design, a relatively small number of animals
tested, and the higher variability displayed could ac-
count for the lack of an overall statistically significant
effect. It should be noted, however, that in other CPP
studies, dose response relationships were at times diffi-
cult to demonstrate, even for pharmacological agents
with very strong rewarding properties like cocaine
(Bardo et al. 1995).

The present findings have relevance for the behav-
ioral effects of exogenously administered oxytocin. They
may also have implications for the motivational milieu
of internal states characterized by high endogenous
oxytocin secretion or high oxytocinergic activity. Thus
during maternal, sexual or affiliative behaviors, when
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central oxytocinergic activity is presumably high (Jiri-
kowski 1992) the animal might associate general envi-
ronmental cues with a positive hedonic state, rather
than the specific behavioral activity (lactation, grooming,
or coitus). While multiple, neurophysiological changes
occur during copulation, oxytocin’s ability to induce
conditioned place preference might be one of the mech-
anisms that contributes to the development of CPP fol-
lowing sexual encounter (Oldenburger et al. 1992).

Although shifts in place preference, such as those ob-
served in the present experiment for oxytocin, are typi-
cally interpreted as reflecting reinforcing properties of
the agent under study, there are alternative explana-
tions. First, this effect may reflect “anti-stress” or anxi-
olytic properties of oxytocin. Protective effects of exoge-
nous oxytocin, and of physiological conditions associated
with high oxytocin secretion (lactation), have been re-
ported in behavioral and neuroendocrinological studies
of stress (Grassi and Drago 1993; Lightman 1992; Pank-
sepp 1992). Peripheral administration of oxytocin at the
time of a stressor (such as exposure to the experimental
conditions), could induce a less aversive internal state,
reducing the overall total impact of stress, and appear-
ing anxiolytic or protective. In the same vein, studies of
MK-801 (NMDA receptor antagonist), showed that it
induces CPP in animals suffering from inflammation,
further supporting the notion that the decrease in aver-
sive components of the experience could account for the
development of CPP (Sufka 1994). It is therefore possi-
ble that the increase in time spent in the oxytocin-paired
compartment reflects decreased anxiety or stress over
aversive conditions inadvertently present in the testing
condition, rather than overt reward (Carr et al. 1989).
Although the change in hedonia for both of these cir-
cumstances is in a positive direction, there are impor-
tant theoretical and practical distinctions between in-
creased reward and decreased aversion.

While it is possible that decreased aversion might be
involved in the present effects, several considerations
suggest that this might be a less likely explanation. Ani-
mals were handled for six days prior to testing, fol-
lowed by three days of exposure to the apparatus prior
to conditioning. Therefore, they were very familiar with
the experimenter and the testing situation, and showed
no visible distress during testing. Additionally, saline
animals showed a diminished preference after condi-
tioning, suggesting that they were well-habituated by
the time of testing. It seems unlikely that a decrease in
aversion would produce such dramatic shifts in prefer-
ence in such well-habituated animals. DiScala (1992)
suggests that the existence of pre-conditioned aversion
is important, for the ability of anxiolytic agents to induce
CPP, but in our Study II, animals that were conditioned
with oxytocin in the initially preferred compartment
showed an even greater preference after conditioning. It
seems, therefore, that such a robust effect would be
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more likely from a drug that produces reward than
from one that is anxiolytic.

A second alternative explanation pertains to the re-
ported amnestic effects of oxytocin. Studies on learning
and memory suggest that oxytocin produces a general
amnesia (Bohus 1980). As discussed by Carr et al. (1989),
animals will show a place preference for an environ-
ment that is relatively more novel than another. In the
present study, if oxytocin produced amnesia for the
compartment with which it was paired, this may have
caused that environment to be less familiar than the
saline paired compartment, leading to a “novelty-
induced” place preference. It was also suggested that
drugs that improve memory are more likely to produce
CPP, by strengthening the associative link (Carr et al.
1989). One might also interpret oxytoxin's effects on
memory as secondary to its effects on motivational sys-
tems. Memory study paradigms routinely test animal
memory of rewarding or aversive testing conditions.
Oxytocin might affect memory of a given situation, by
changing the hedonic or motivational milieu, thus alter-
ing its relative value or importance for memorization.

To summarize, the present results demonstrate that
oxytocin produces a preference for the environment
with which it is repeatedly associated. Although we feel
that the most likely explanation for the present results
appear to be that oxytocin has rewarding properties,
other explanations, including potential anti-aversive or
anti-stress properties, or amnestic effects cannot be
ruled out. Future studies should utilize different experi-
mental paradigms in an attempt to distinguish among
these three possibilities.
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