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SCHNUR, P. Acute morphine dependence in the hamster. PHARMACOL BIOCHEM BEHAYV 38(4) 711-713, 1991. —Two exper-
iments investigated naloxone-precipitated withdrawal following a brief course of morphine administration in hamsters. In Experi-
ment 1, observable withdrawal symptoms (e.g., wet-dog shakes) were elicited by two doses of naloxone (0.4 and 1.0 mg/kg)
following four and eight daily injections of morphine (15 mg/kg), a regimen that replicated previous studies in our laboratory using
a locomotor activity paradigm. At the lower dose of naloxone, the frequency of withdrawal signs was greater after eight than after
four morphine injections. In Experiment 2, observable withdrawal symptoms were elicited by the same two doses of naloxone, 70
min after a single morphine injection. These results suggest that acute dependence in the hamster, as in other species, begins to de-

velop with the first morphine exposure.
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PREVIOUS work in our laboratory has demonstrated that mor-
phine has a biphasic effect on running wheel activity in the ham-
ster. At low doses (<5 mg/kg), morphine elicits hyperactivity,
whereas at higher doses, morphine elicits hypoactivity followed
by hyperactivity, the magnitude and duration of the hypoactivity
being dose related (20-22). Moreover, when naloxone or naltrex-
one is given during the period of hyperactivity, hyperactivity is
replaced by hypoactivity (19, 23, 24). We have argued that such
naloxone-precipitated hypoactivity in morphine-treated animals,
but not in saline-treated controls, reveals the existence of an un-
derlying morphine-induced process. The purpose of the present
experiments was to demonstrate that such naloxone-precipitated
hypoactivity is a manifestation of opiate withdrawal induced by
acute dependence on morphine.

Acute dependence refers to the precipitation of withdrawal
symptoms following a single or a small number of drug adminis-
trations (2, 3, 5-8, 10-14, 16, 17, 25). In our work with ham-
sters, typically, we have given the naloxone (0.4 mg/kg) challenge
after four subcutaneous (SC) injections of morphine (15 mg/kg).
Under this regimen, naloxone-induced hypoactivity is reliable and
dose-related (24). The present study was designed to investigate
whether the same dosing regimen of morphine and naloxone as
that used in the activity wheel paradigm would elicit observable
withdrawal symptoms. Thus, in Experiment 1, animals were
challenged with naloxone (0, 0.4 or 1 mg/kg) after 4 and again
after 8 daily morphine administrations and observed for signs of
opiate withdrawal such as wet dog shakes, teeth chattering, etc.
In Experiment 2, animals were observed for signs of naloxone-
precipitated withdrawal after a single injection of morphine.

METHOD
Subjects, Apparatus and Materials

The subjects were 48 female golden Syrian hamsters with a

mean weight of 130 grams. They were housed singly in stainless
steel cages with free access to Purina lab chow and water in a
temperature- and humidity-controlled vivarium. Animals were
observed in a transparent plastic cage (45.7 X24.1x20.3 cm).
Morphine sulfate and naloxone hydrochloride were dissolved in
saline and given subcutaneously in the dorsal surface of the neck
in 1 mi/kg volumes. All doses refer to the salt.

Procedure

Experiment 1. Animals were divided randomly into two groups
(n=12). On Days 1-3, animals were removed from the home
cage, given an injection of either morphine (Group M) or saline
(Group S) and replaced in the home cage immediately after the
injection. On Day 4, animals were given either morphine or sa-
line as on Days 1-3. One hour later, they were removed from the
home cage and placed in the plastic observation cage. After a
10-min period of observation, four animals chosen randomly
from each group were given an injection of one of three doses of
naloxone [0 (saline), 0.4, 1.0 mg/kg] and replaced in the plastic
cage for a 30-min observation period. The frequency of opiate
withdrawal signs was noted: Wet-dog shakes, paw shakes, teeth
chattering, abdominal writhing, yawning and stools. On Days
5-7, the treatments of Days 1-3 were repeated and, on Day 8§, a
second test, identical to that on Day 4 was conducted.

Experiment 2. The procedures of this experiment were con-
ducted in a single test day. Twenty-four animals were assigned
randomly to six treatments (n=4) created by the factorial combi-
nation of injection 1 (morphine or saline) and injection 2 (three
doses of naloxone). On the test day, animals were removed from
the home cage, given an injection of either morphine (Group M)
or saline (Group S) and returned immediately to the home cage.
One hour later, they were removed from the home cage and placed
in the plastic observation cage. After a 10-min observation pe-
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FIG. 1. Mean number of withdrawal signs on Test Days 1 and 2 for
groups receiving morphine or saline followed by one of three doses of
naloxone (0, 0.4, 1.0 mg/kg) in Experiment 1.

riod, animals were given an injection of one of three doses of
naloxone [0 (saline), 0.4, 1.0 mg/kg] and replaced in the plastic
cage for a 30-min observation period. Withdrawal behaviors were
scored as in Experiment 1.

An alpha level of p<<0.05 was adopted for all statistical tests.

RESULTS AND DISCUSSION

The mean number of withdrawal signs during the 30-min ob-
servation period on Test Days 1 and 2 in Experiment 1 is shown
in Fig. 1. It is clear that naloxone, at doses of 0.4 and 1 mg/kg,
precipitated withdrawal symptoms in morphine-treated ani-
mals on both test days. The frequency of withdrawal signs in
morphine-treated animals challenged with saline and in saline
controls was low. Naloxone-precipitated withdrawal increased
with exposure to morphine, although this effect was more pro-
nounced at the lower than at the higher naloxone dose. A 2X3x2
(Morphine X Naloxone X Test Day) mixed factorial analysis
of variance (ANOVA) indicated that the effects of morphine,
F(1,18)=13.32, naloxone, F(2,18)=6.47, and the interaction,
F(2,18)=4.57, were all significant. In addition, the effect of days,
F(1,18)=15.59, was significant. The Naloxone X Days, F(2,18)=
3.47, and the Morphine X Naloxone X Days, F(2,18)=3.47,
interactions were not significant. Fisher’s LSD test indicated that
withdrawal signs were more frequent in Group M/0.4N and
Group M/1.0N than in Group M/S and that there were more with-
drawal signs on the second test day than on the first in Group
M/0.4N.

Figure 2 shows the mean number of withdrawal signs during
the 30-min observation period in Experiment 2. Although the fre-
quency of withdrawal was lower than in the first experiment, it
is evident that both doses of naloxone precipitated withdrawal
symptoms in animals previously injected with morphine. As in
Experiment 1, the frequency of withdrawal signs in morphine-
treated animals challenged with saline and in saline controls chal-
lenged with naloxone was low. A 2x3 (Morphine X Naloxone)
factorial ANOVA indicated that the effects of morphine, F(1,18) =
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FIG. 2. Mean number of withdrawal signs as a function of naloxone dose
(0, 0.4, 1.0 mg/kg) for animals receiving morphine or saline in Experi-
ment 2.

7.97, and of naloxone, F(2,18)=5.06, were significant. The in-
teraction was not significant. Fisher’s LSD test indicated that
animals given morphine followed by either dose of naloxone
(Groups M/0.4N and M/1.0N) displayed more withdrawal symp-
toms than either animals given morphine followed by saline (Group
M/S) or animals given saline followed by naloxone (Groups
S/0.4N and S/1.0N)

The present results indicate that a naloxone challenge elicits
observable withdrawal signs among hamsters briefly exposed to
morphine. In Experiment 1, withdrawal signs were elicited by
naloxone following the fourth daily injection of morphine. In Ex-
periment 2, withdrawal signs were elicited by naloxone after only
a single injection of a moderate dose of morphine. These findings
suggest that, in the hamster, the development of physical depen-
dence, as measured by naloxone-precipitated withdrawal, begins
with the first opiate administration. Similar effects of naloxone
have been reported after the short-term administration of opiates
in a variety of species including humans (1, 7, 8), rats (4,15),
dogs (10, 12, 13), monkeys (11), mice (9,18) and gerbils (17).

In both experiments, withdrawal signs appeared within 5 min
of the naloxone injection, reached peak intensity at approximately
20 min postinjection and diminished after 30 min. Since the
postinjection observation period was only 30 min, however, we
cannot be precise about the duration of the precipitated abstinence
syndrome. The precipitated abstinence syndrome in the hamster
consists of several signs, as defined above. The relative contribu-
tion of these signs to the abstinence syndrome, in terms of fre-
quency of occurrence, was (in rank order): Wet-dog shakes/paw
shakes, teeth chattering, writhing, yawning, defecation. Compa-
rable results have been noted in rats, mice and gerbils (17).

Finally, since the drug administration schedule employed in
Experiment 1 replicated that used in the activity wheel paradigm,
it is likely that naloxone-precipitated hypoactivity among mor-
phine-treated hamsters in our earlier studies [e.g., (24)] was
caused by the incompatability of running with manifest withdrawal
signs. The similar time course of naloxone-precipitated abstinence
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signs in the present experiments and of naloxone-precipitated hy-
poactivity in the running wheel experiments (19,24) is consistent
with that suggestion. The running wheel activity paradigm might
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11.
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provide a convenient, sensitive and reliable alternative to behav-
ioral observations for quantifying naloxone-precipitated opiate
withdrawal in the hamster.
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