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COPELAND, R. L., JR. AND S. N. PRADHAN. Effect of morphine on self-stimulation in rats and its modification by
chloramphenicol. PHARMACOL BIOCHEM BEHAYV 31(4) 933-935, 1988.—The effect of morphine was studied on
self-stimulation (SS) behavior in rats implanted with bipolar electrodes in the posterior hypothalamus. A single dose (10
mg/kg) of morphine decreased SS responding within 10-20 min, reaching a minimum level between 20-40 min after which
the responding gradually returned to normal. The SS responding then increased above the control level at 120-180 min
postdrug, then slowly returned to normal, thus showing a rebound effect. The combination treatment with morphine (10
mg/kg) and chloramphenicol (50 mg/kg) on SS behavior produced an accentuation of the initial decrease in responding,
which was prolonged before gradually returning to the control levels without showing any rebound effect. The data suggest
that alterations in protein synthesis may underlie the suppressed excitatory effect of a high dose of morphine on SS
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behavior.
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ACUTE administration of morphine has been reported to
produce biphasic effects on the responding for intracranial
self-stimulation (SS), that have been described as an initial
decrease in lever-pressing with a gradual return to normal,
then followed by a late stimulatory phase of activity before
returning to normal (1,12). In addition, it was also observed
that with daily injections of morphine, tolerance developed
to the inhibitory effect, while its excitatory effect had an
earlier onset and tended to be enhanced (8). This late
stimulatory effect may be described as a ‘rebound’ effect,
that may be further enhanced after chronic administration
leading to development of physical dependence and reflected
as a component of the abstinence syndrome.

There is an indirect evidence which suggests that
tolerance to and dependence on morphine may involve ac-
tivity and/or synthesis of certain macromolecules capable of
counteracting the drug effects. Several investigators have
demonstrated that development of tolerance to the analgesic
effect of morphine could be attenuated by inhibitors of
protein and/or nucleic acid synthesis, such as actinomycin
D, 6-mercaptopurine, S-fluorouracil, cycloheximide, puro-
mycin and chloramphenicol (5, 6, 10, 11). However, many of
these drugs produce serious toxic effects. Therefore, in the
present study effects of morphine were studied over a pro-
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longed time-course demonstrating the rebound effect and at-
tempts were made to inhibit the rebound effect by a protein
synthesis inhibitor, such as chloramphenicol which is com-
paratively less toxic and is clinically used.

METHOD
Animals

Male F344 rats with initial body weights of 250-350 g
obtained from Charles River Breeding Laboratory were
used. These rats were housed individually in a light- and
humidity-controlled room, fed with rodent laboratory chow
and allowed free access to drinking water.

Experimental Procedures

Rats were anesthetized with sodium pentobarbital (40
mg/kg, IP) and bipolar stainless-steel electrodes (Plastic
Products) were stereotaxically implanted in the posterior
hypothalamus (PH), according to the procedure of Nimit-
kipaison et al. (14). Verification of the location of the elec-
trode tips was histologically done in 2 of the rats upon com-
pletion of the experiments. After implantation and recovery
from surgery, rats were trained for the SS behavior as in our
previous experiment (14), to press a lever once to obtain
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reinforcing electrical stimulation. The electrical stimulus was
a biphasic symmetical square wave, consisting of 0.1-msec
pulse width, delivered at 100 Hz for a 0.3-sec train duration.
They were subjected to daily 4'/3-hr sessions for 6 days a
week. The animals were placed in the test chamber and
allowed to press for the reinforcing stimulation at the same
time each day.

Treatment with drugs was initiated as soon as the per-
formance of each rat reached a stable rate (e.g., lever-
pressing rate during a session remained within 10% of the
daily average for 5 to 6 days) usually after training for 2 to 3
weeks. Recordings of the lever-pressing were made at
20-min intervals. The day prior to a test of a specific drug,
the animals were injected with saline or sterile water (i.e.,
the vehicle for the drugs). There was at least 7 days gap
between drug treatments.

Drugs and Administration

Morphine sulfate (Mallinckrodt; dose calculated as the
base) was dissolved in saline. Chloramphenicol (.LyphoMed,
Inc.; dose calculated as the base) was used as the monosuc-
cinate sodium salt and dissolved in sterile water. Both drugs
were freshly prepared and given IP in doses indicated in the
Results section. Morphine was injected following a 20-min
preinjection control period at the beginning of a session.
Chloramphenicol was given 60 min prior to injection of saline
or morphine administration, then the animals were returned
to the Skinner box.

Analysis of Data

For calculation and evaluation, differences between re-
sponse rates (lever-pressing/20-min period) for the preinjec-
tion control and the treatment (with saline or drug) periods
were determined for each animal on both the saline-
treatment day (control) and drug-treatment days. Means of
these differences from corresponding periods on the saline-
treatment day and the drug-treatment day were compared by
analysis of variance (ANOVA) using a general linear model
procedure to assess the overall effects of drugs and time
periods. Specific within-time period comparisons were per-
formed by ANOVA with the Bonferroni correction (13) for
multiple comparisons, controlling the type I error rate at
p<0.05.

RESULTS

The effects of morphine on SS behavior was studied in
five rats which were treated with a single dose of morphine
(10 mg/kg, IP), chloramphenicol (50 mg/kg, IP) and the
combination of morphine and chloramphenicol. During the
control sessions, SS responding of rats used in these experi-
ments had a mean value of 769+39/20-min period.

Immediately after the preinjection (control) recording the
animals were injected with saline or morphine and returned
to the Skinner box. Morphine (10 mg/kg) caused an initial
decrease in SS respondings with the maximum effect at 40
min, and persisted for 60-80 min. The responding gradually
returned to normal by 100 min, then increased above the
control level at 120-180 min and later slowly returned to
normal by 220 min, thus showing a rebound effect (Fig. 1).
Statistical analysis by ANOVA for the overall comparison
between control (saline-treated) and morphine-treated rats
showed a significant (p<0.04) difference. Specifically,
within-time period comparisons by ANOVA with the Bon-
ferroni correction showed a significant (p <0.04) decreased at
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FIG. 1. Time-courses of effects of a single dose of morphine (10
mg/kg, MOR), chloramphenicol alone (50 mg/kg, CMP) or their
combination on self-stimulation during 4'/3-hr sessions in 5 rats.
Saline was injected during the control (CON) session. Dots with line

denote the mean = S.E.. inj., injection.

40 min, and significant increases (»<0.04 and p <0.03) at 120
and 140 min respectively.

Administration of chloramphenicol alone caused little or
no change in responding during the 4'/3 hr session (Fig. 1). In
rats pretreated with chloramphenicol 60 min prior to admin-
istration of morphine, studying the effects of combination
treatment showed that the initial decrease in lever-pressing
was accentuated up to 80 min compared to the saline control,
before the responding slowly returned to the normal level.
There was a slight increase in responding above the control
level at 140 min, but statistically insignificant, thereby show-
ing that the rebound effect was markedly attenuated (Fig. 1).
The within-time period comparisons by ANOVA with the
Bonferroni correction showed a significant (p<0.005 to 0.03)
decrease from 20-80 min. Further, comparison between
morphine and morphine-chloramphenicol groups showed a
significant (p <0.05) difference at 120-160 min postdrug.

DISCUSSION

The present study demonstrates the biphasic effects of
morphine on the SS behavior with an initial depressive
phase, followed by a delayed stimulation at 120-140 min
postdrug. While this study is basically in agreement with
those of Lorens and Mitchell (12) and Bush er al. (3), other
investigators (9, 15, 17) have shown only its depressant ef-
fect on SS responding. The discrepancy in findings between
these studies may be attributable to differences in the site of
the brain stimulation, baseline response rate, schedule of
treatment, duration of the observation period and other fac-
tors. In a separate study from our laboratory (4), the biphasic
effects of morphine on SS behavior have been correlated
with similar biphasic changes in the neurochemical profile
following administration of morphine corroborating the re-
bound phenomenon.

The present study further shows that the combination
treatment of morphine and chloramphenicol accentuates the
initial depressant phase of morphine and suppresses the sub-
sequent stimulatory or rebound effect. Accentuation of the
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depressant effect appears to be due to suppression of the
stimulatory effect that might have partially masked and
encroached on the later part of the depressant effect which is
now unmasked. In other neurochemical studies from this
laboratory it was shown that the combination treatment of
chloramphenicol with morphine attenuated the rebound in-
crease in dopamine levels in the caudate nucleus and the
diencephalon at 160 min postdrug. Such effect of chloram-
phenicol was also demonstrated through its inhibition of
morphine tolerance in rats at doses which produce in brain
tissues a drug concentration corresponding to that shown to
be effective in vitro to markedly reduce **C-leucine incorpo-
ration into synaptosomal proteins (7). Ambrose and Coons
(2) reported that chloramphenicol is capable of inhibiting
protein synthesis in maturing or actively proliferating mam-
malian cells, as well as newly-induced antibody synthesis. In
these cases, chloramphenicol would act by interfering with a
fast turnover of mRNA induced in the cell under a special
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stimulus situation. Although the brain cells of an experi-
mental animal are already mature and differentiated, it has
been suggested (16) that some functional aspects of the nerv-
ous system concerning information processing and adapta-
tion responses to the dynamic state of the environment might
resemble the induction of antibodies in immunocytes, includ-
ing appearance of special types of RNA at the synaptic level
which may be sensitive to chloramphenicol.

The adaptive process(es) which occur(s) during the de-
velopment of tolerance and dependence following chronic
administration of morphine can be reflected as rebound ef-
fects in the SS behavior. The rebound effect may represent
an overcompensation of narcotic actions during the absti-
nence syndrome in an attempt to maintain homeostasis.
Moreover, the manifestations of the central and autonomic
stimulation shown during narcotic withdrawal are reflected
in the enhancement of SS responding during the late
stimulatory phase even after a single dose of morphine.
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