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TIRELLI, E., C. JODOGNE AND J.-J. LEGROS. Oxytocin blocks the environmentally conditioned compensatory re-
sponse present after tolerance to ethanol-induced hypothermia in mice. PHARMACOL BIOCHEM BEHAV 43(4) 1263-
1267, 1992.~The present study tested the hypothesis that the attenuation by oxytocin of tolerance to ethanol-induced
hypothermia relies upon an impairment of the putative conditioning processes underlying environment-specific tolerance.
According to the conditioning model of tolerance, such tolerance occurs because an opposite compensatory response condi-
tioned to ethanol-paired cues attenuates ethanol’s effects. Tolerance to ethanol-induced hypothermia was established to a
particular environment over 4 days by injecting mice (daily) with oxytocin 2 h before ethanol, outside the colony room. As
controls, other mice were injected similarly but following testing in the animal room. We found that oxytocin suppressed the
conditioned compensatory response, revealed by injecting saline to every group in the tolerance-associated environment.
These results suggest that oxytocin acted, at least partly, via an inhibition of the associative learning processes that facilitate

tolerance development.
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INCREASING evidence suggests that neurohypophyseal hor-
mones are involved in certain adaptative responses to drug
effects. For example, oxytocin influences tolerance to and de-
pendence upon drugs such as ethanol, morphine, and heroin
[for reviews, see (2,16)]. Several experiments indicate that oxy-
tocin administered at doses without apparent effect prior to
each ethanol injection can inhibit the development of toler-
ance to ethanol-induced hypothermia and narcosis assessed in
a specific environment in rats (26,31,32). Similar results have
been reported for the C-terminal fragment of oxytocin prolyl-
leucyl-glycinamide [melanocyte-stimulating hormone inhibit-
ing factor-I (MIF-I)], as well as for other fragment analogs
[(30); for reviews, see (14,32)]. Repeated injections of oxyto-
cin or MIF-I from the beginning of tolerance development
seem to be necessary for its inhibition because when injected
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acutely after tolerance to the effects of ethanol has developed
the peptides are ineffective (9-11,27,31).

It has been proposed that the effects of neurohypophyseal
peptides on tolerance are analogous to those separately re-
ported on learning and retrieval processes (3). In the case of
oxytocin, the inhibitory effects oxytocin has on tolerance par-
allel those (also disruptive) it has on learning and memory
performances [for review, see (14,15)].

A basis for this proposition can be found in another series
of experiments, which have implicated a role for classic condi-
tioning in tolerance to the effects of a variety of drugs in
rodents and humans (5,18,21-23,34,35). In particular, toler-
ance to the hypothermic effects of ethanol have repeatedly
been found more pronounced when the drug effect is assessed
in the environment in which subjects have previously received
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the drug rather than in an alternative environment. Moreover,
under placebo conditions (saline injection) subjects placed in
the environment associated with the action of ethanol show
hyperthermia, a response opposite in direction to the acute
effect of ethanol (8,18,19,35). The contribution of environ-
mental stimuli to tolerance development has been incorpo-
rated into an associative model of tolerance (29). This model
proposes that, during successive drug administrations, envi-
ronmental cues become conditioned stimuli (CS) that elicit an
adaptative compensatory response. The progressive develop-
ment of this conditioned response attenuates the initial effect
of the drug, so leading to an environment-specific, or condi-
tioned, tolerance [see also (8)].

Thus, it is possible that the effects of oxytocin on tolerance
to hypothermia induced by ethanol is exerted (at least partly)
via a disruption of the conditioning processes involved in the
establishment of tolerance. More specifically, this implies that
if the inhibitory effect of oxytocin is due to its disruption of
conditioning processes a suppression (at least partial) of the
compensatory response will result from the oxytocin treat-
ment. The present study tested this hypothesis.

The compensatory response can be revealed, after toler-
ance development, by injecting all animals with saline before
testing them in the environment associated with the develop-
ment of tolerance. In the present experiment, mice were still
under oxytocin during this test to keep the same internal envi-
ronment as during tolerance establishment and thereby avoid
any effect of suspending oxytocin injection during the test.
Indeed, it has been shown that peptides can be conditionally
predictive of the effects of a subsequent drug administration.
McLaughlin and colleagues (20) found that rats rendered tol-
erant to morphine (analgesia) in the presence of MIF-I (the
C-terminal fragment of oxytocin), at intrinsically inactive
doses, exhibited a loss of tolerance when tested without MIF-
I, suggesting a CS role for MIF-1.

METHOD

Animals

Thirty-two experimentally naive, random-bred OF-1 male
mice, derived from the Carworth-Farms CF-1 strain (IFFA-
CREDO, Oncins, France) and born in our laboratory colony,
were used at age 12-15 weeks. Mice weighed 34-40 g at the
beginning of the experiment. They were individually housed
in opaque plastic cages (at least 3 weeks before the experiment)
and kept in a colony room on a 12 L: 12 D cycle (lights on
at 0700 h) at an ambient temperature 23 + 2°C. Food and
tapwater were available ad lib throughout.

Drugs

Oxytocin (U.C.B.-BIOPRODUCTS, Brussels, Belgium)
was dissolved in 0.9% NacCl saline solution immediately prior
to use and administered IP at 0.005 mg/0.2 ml per animal.
Ethanol was injected by the same route at 2 g/kg so that the
volume injected was always 0.01 ml/g body weight. The IP
route of administration has been used successfully by Szab6
and colleagues (30,31). ICV injections, often used to adminis-
ter neuropeptides, were not used in this study because these
injections are particularly stressful and it has been shown that
severe stressors can facilitate the development of tolerance to
the hypothermic effect of ethanol in rodents (24).
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Design and Procedure

The experiment consisted of two phases: first, establishing
the effects of oxytocin on tolerance over a period of 4 days;
second, testing for the possible effects of oxytocin on the
conditioned compensatory response on day 5. Tolerance was
established by placing mice into one of the two following
groups: mice receiving ethanol paired with the testing environ-
ment (referred to as paired group) and mice receiving the same
injection of ethanol in the colony room, which was different
from the testing room (referred to as unpaired group). To
assess the effect of oxytocin, additional mice were divided into
two other groups, paired or unpaired as well, in which mice
were injected with oxytocin before any other treatment.

During the tolerance establishment phase, four groups of
mice (n = 7 or 8; initially n = 8, but two animals died during
the experiment) received two IP injections (2 h apart), at ap-
proximately the same time each day, and two further IP injec-
tions (2 h apart as well) 2 h later. Mice in the two paired
groups were given saline plus ethanol, or oxytocin plus ethanol
in the experimental room, and two saline injections in the
colony room after testing (SAL + ETH and OXY + ETH
paired groups). The unpaired groups received two saline injec-
tions in the experimental room and saline plus ethanol or
oxytocin plus ethanol in the colony room (SAL + ETH and
OXY + ETH unpaired groups). The dose of oxytocin was
selected on the basis of a preliminary study such that it does
not influence the hypothermic effect of ethanol after an acute
injection while remaining physiologically active. In addition,
in a separate experiment carried out using exactly the same
conditions as those of the present study (12) and on other
occasions we found that oxytocin at that dose does not change
rectal temperature when injected daily for 5 days. Thus, to
reduce the practical load no group given oxytocin alone was
included here.

Every day, mice were weighed and brought into the experi-
mental room (a small, sound-attenuating, white room illumi-
nated by one 60-watt light bulb and maintained at 21 + 1°C),
where they received the two first injections 2 h apart. All
testing was between 1300 and 1800 h. Hypothermia was evalu-
ated by rectal temperature. All measurements were monitored
for 20 min before and 20 min after ethanol injection. To graph
the compensatory response (less than 1°C) with clarity, the
difference between both trials was taken as the measure of
thermic response. There were no changes in the preinjection
temperatures, neither across days nor between groups. A small
lubricated thermocouple connected to an electronic thermo-
meter (RS Components, Bristol, United Kingdom; No. 610-
067) was used as the probe. The animal was loosely restrained
on a wire mesh grid and the probe was inserted 1.5 cm into
the rectum for approximately 30 s, until the temperature stabi-
lized. Because pilot experiments suggested that some irritation
may appear after six daily probe insertions into the rectum,
the duration of the experiment was limited to five daily tests.
After the second temperature measurement, mice remained
for 60 min in the testing room. At the end of this period, they
were returned to the colony room and received the two last
injections 2 h apart. In fact, it is likely that the putative condi-
tioned stimuli were mostly provided by the handling cues dur-
ing temperature assessments and injections.

On the conditioned compensatory response test day (day
5), paired as well as unpaired groups received saline in the
testing environment after having received saline (SAL + ETH
groups) or oxytocin (OXY + ETH groups) injections.
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Statistical Analysis

To ensure that oxytocin significantly attenuated tolerance
to ethanol-induced hypothermia, temperature measurements
taken during tolerance establishment for the paired groups
were submitted to a mixed analysis of variance (ANOVA),
with oxytocin (oxytocin vs. saline) considered a between-
group factor and test day (1-4) a within-subject variable (13).
To adjust for potential violations of the assumptions of com-
pound symmetry and sphericity, the Greenhouse-Geisser
correction was also computed. Data from the test day (day
5) were treated with a two-way ANOVA having environ-
ment (two levels) and oxytocin (two levels) as crossed factors.
Spjetvoll-Stoline’s tests (unequal cells), derived from the
appropriate error mean squares, were used subsequently for
comparing saline- to oxytocin-pretreated groups and paired
with unpaired groups.

RESULTS

As shown in the left panel of Fig. 1, an attenuative effect
of oxytocin was observed (OXY + ETH paired group) as
soon as tolerance to ethanol convincingly emerged (SAL +
ETH paired group), on the third day of pretreatment. The
responses of the OXY + ETH paired group on days 2-4 were
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not significantly lower than on day 1. Note that on the first
test day oxytocin (administered 2 h before ethanol) was with-
out effect on ethanol-induced hypothermia. This profile was
supported by a robust interaction between oxytocin and day
and the appropriate pairwise comparisons, F(3, 39) = 5.08,
D < 0.0046. Despite the adjustment provided by the Green-
house-Geisser correction, this effect remained highly signifi-
cant (thus, for clarity, the original degrees of freedom and F
were given). This relation was also seen in our previous results
(12).

The results of the conditioning test are shown in the right
panel of Fig. 1. ANOVA revealed a main effect of environ-
ment, F(1, 26) = 5.70, p < 0.0246, and a significant interac-
tion between oxytocin and environment, F(1, 26) = 5.61, p
< 0.0256. Pairwise comparisons indicated that mice in the
SAL + ETH paired group, exposed to environmental cues
previously associated with ethanol, displayed a clear increase
in temperature when compared to the SAL + ETH unpaired
group. Therefore, exposure to environmental cues previously
associated with ethanol elicits in undrugged mice a thermic
response opposite that induced by acute ethanol treatment.
This conditioned hyperthermia was suppressed by oxytocin
pretreatment: The OXY + ETH paired group showed no sig-
nificative temperature change and did not differ from the un-
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FIG. 1. Effect of oxytocin on the compensatory hyperthermia response conditioned to environmental cues previously associated
to ethanol’s effect. Over 4 pretreatment days, mice of the two paired groups received saline plus ethanol or oxytocin plus ethanol,
2 h apart, in the experimental room (where temperature measurement was performed) before testing, and two fold saline, 2 h
apart, in the colony room after testing. The two unpaired groups were given the same treatment but in the reverse order. The left
panel shows the effect of oxytocin on the development of tolerance. On the conditioning test day (day 5, right panel), paired and
unpaired groups received saline (SAL +ETH groups) or oxytocin (OXY +ETH groups) plus saline in the testing room. The
difference of temperature monitored 20 min prior to and after ethanol injections was used as the measure of hypothermia.
Oxytocin and ethanol were injected intraperitoneally at 0.005 mg/animal and 2 g/kg, respectively. Vertical brackets represent
SE. (a), significantly different from SAL+ETH and OXY +ETH unpaired groups; (b), different from the SAL + ETH paired
group; (c), different from the SAL + ETH paired group mean on day 1; all at p < 0.01 (Spjetvoll-Stoline tests).
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paired groups. Examination of the unpaired groups indicated
that the body temperature was not affected by 0.005 mg/
animal oxytocin injected 2 h before ethanol, confirming our
previous results (12).

DISCUSSION

The present results indicate that oxytocin given prior to
each ethanol injection impedes not only the full development
of tolerance established in a specific environment to ethanol-
induced hypothermia but also, and especially, the expression
of the compensatory hyperthermia. The facts that our dose
of oxytocin did not alter ethanol-induced hypothermia when
injected acutely (on day 1) and remained without thermic ef-
fect when injected five times daily (12) supports again some
specificity of the attenuating effect of oxytocin on the condi-
tioning processes involved in tolerance establishment (in which
oxytocin receptors are probably involved).

A number of studies have shown that a drug repeatedly
injected before a drug to whose effects tolerance is established
may serve as CS for these effects (33). However, it seems
unlikely that the oxytocin injections in our experiment served
as conditioned stimuli for ethanol tolerance, thereby facilitat-
ing the acquisition of the compensatory response. If this were
so, the compensatory response would not have been sup-
pressed during the placebo test. Rather, a stronger compensa-
tory response should have occurred.

According to the associative model of tolerance (8), envi-
ronmental specificity of tolerance to ethanol-induced hypo-
thermia occurs because a compensatory hyperthermia be-
comes conditioned to the environmental cues signalling the
drug effect. Hence, if the inhibitory action of oxytocin on
environment-specific tolerance is due to its disruption of con-
ditioning processes a diminution of the compensatory re-
sponse should occur as well. That is exactly what we found in
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the present study. The idea that learning may be an important
basis for the effects of neuropeptides on tolerance (in particu-
lar to morphine and ethanol) and that this can be analogously
considered a kind of memory-related phenomenon is not new
(3,4,17). However, there is a paucity of studies specifically
designed to address this issue, and the present results are to
our knowledge the first to directly support this idea. To the
extent that environment-specific tolerance to hypothermia and
compensatory hyperthermia were generated (at least partly)
by associative learning processes, our procedure may be con-
sidered akin to the tests used to evaluate the influence of
oxytocin on learning and memory processes in rodents (15).
Oxytocin has been found to facilitate extinction and attenuate
retention of learned responses in conditioned avoidance-based
procedures [(1,7,28); for reviews, see (14,15)]. Recently, a
comparable effect has been shown in rats that were required
to recognize a previously met juvenile after a given retention
interval (6,25). In addition, antisera/antagonists against oxy-
tocin attenuated or blocked the disruptive effect of oxytocin
in all these procedures (15,25), suggesting the involvement of
oxytocin receptors. The present data generalize these effects
to another situation and thereby indirectly support the theory
of an involvement of an endogenous form of oxytocin in
learning and memory processes. Vasopressin, another neuro-
hypophyseal peptide, has the opposite effect on learning and
memory from oxytocin (1,7,14,15,17,28). Therefore, to see to
what extent the effects of peptides on tolerance can be consid-
ered analogous to those on learning and memory future re-
search will be devoted to comparing the effects of these two
neuropeptides on the compensatory response and manipulat-
ing their effects with antisera/antagonists.
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