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KIMMEL, H. L., B. E. GARRETT AND S. G. HOLTZMAN. Effects of acute and chronic morphine on rotational
behavior in nigral-lesioned rats. PHARMACOL BIOCHEM BEHAV 52(2) 397-401, 1995. —Stimulation of mu-opioid re-
ceptors located on dopaminergic neurons in the striatum and the nucleus accumbens increases dopamine release, which may
account for some of the behavioral effects of morphine. In this study, we examined the effects of acute and chronic morphine
treatment on rotational behavior in rats with unilateral 6-hydroxydopamine (6-OHDA)-induced lesions of the nigrostriatal
pathway. Rats receiving morphine acutely (0.3-10 mg/kg) did not show a significant bias toward contralateral or ipsilateral
turning. Mini osmotic pumps dispensing morphine continuously (20-24 mg/kg/day) were implanted SC in these animals. This
treatment induced tolerance to the behavioral depression produced by the highest dose of morphine (10 mg/kg) when it was
given acutely. A slight but significant increase in ipsilateral turning occurred over the range of morphine doses examined. The
effects of morphine on rotational behavior are slight, and do not correlate well with the reported increase in locomotor
activity or extraneural dopamine in the striatum that are produced by doses of morphine similar to the ones tested in this

study.
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THERE is now considerable evidence of opioid modulation
of brain dopaminergic systems (26). Dopamine levels in the
striatum and nucleus accumbens are influenced by opioid ago-
nists that act upon the dense population of opioid receptors
that are located on dopamine neurons in these areas (10,14,
19,27). Mu- and delta-opioid receptor agonists increase extra-
cellular dopamine in these areas after systemic or intracerebral
administration, while these effects are blocked by receptor-
selective antagonists (7,8,13,20,21). Drugs that act presynapti-
cally to increase synaptic levels of DA in the striatum, such
as amphetamine, produce ipsilateral turning in rats with a
unilateral 6-hydroxydopamine (6-OHDA)-induced Iesion of
the nigrostriatal tract (22,23). Therefore, morphine might be
expected to produce ipsilateral turning by indirectly increasing
striatal dopamine release. This possibility was tested in this
study.

Morphine has effects on locomotor activity in rats that are
presumably due to the increase in dopamine release (12), and
these effects are both time and dose related. Low to moderate
doses of morphine (e.g., 1.0-5.0 mg/kg) produce an increase
in activity that lasts for an hour or two (2,3,6,9). Higher

doses, ranging from 10 to 40 mg/kg, have a biphasic effect,
with an initial depression of activity that is followed by an
increase (3,6,9,15). Chronic morphine administration results
in tolerance to the depressant effect on locomotor activity
while the stimulatory effects of morphine on locomotor activ-
ity and brain dopamine release are enhanced (4,5,12,24).
Therefore, to maximize the stimulant component of action of
morphine in this study, the drug was administered continu-
ously via a SC osmotic pump. Morphine was infused at a
dose that produces tolerance to analgesic and response-rate
decreasing effects (1).

METHOD
Subjects

Male Sprague-Dawley rats (Sasco, Inc., Omaha, NE)
weighing 300-350 g at the start of the experiment were used.
All rats were initially group housed in polycarbonate cages
and maintained in a temperature-controlled colony room with
a 12 L: 12 D cycle. Food (Purina Rodent Chow, Purina Mills,
St. Louis, MO) and water were available ad lib.
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6-Hydroxydopamine Lesions

Rats were given unilateral lesions of the right nigrostriatal
pathway by injection of 6-hydroxydopamine (6-OHDA). Rats
were anesthetized with 3.3 mg/kg, IP, equithesin and placed
into a stereotaxic frame. Stereotaxic coordinates relative to
bregma were AP = —48, ML = -2.2, DV = —8.0 (17).
We used a 25 ul Hamilton syringe to inject 8 ug/4 pul of 6-
OHDA into the right substantia nigra at a rate of 1.0 pl/min
for 4 min. Upon completion, the injection needle was kept in
place for an additional minute to minimize back flow of the
solution.

Rotational Activity

Rotational activity was measured with six stainless steel
Roto-Rat rotometers (MED Associates, Inc., East Fairfield,
VT). Each chamber consisted of a round metal bowl (16”
diameter and 10~ high) with a transparent Plexiglas cover. A
recording apparatus, consisting of a spring tether connected
to a direction sensitive rotation sensor mounted above the
bowl, was attached to the rat by means of a Velcro belt.
Rotational activity was recorded by the Roto-Rat Version 1.2
computer program (MED Associates, Inc.). Measurements
were taken of partial and full clockwise turns, partial and full
counterclockwise turns, and direction changes. The partial
counter incremented at every 90°, while the full counter incre-
mented at every 360°. Direction changes were noted when the
animal moved from left to right, or vice versa, through an arc
of at least 45°. During experimental test sessions, counts were
taken in 10-min time intervals for 3 h, resulting in 18 data
points per animal for each session.

Rats were allowed to recover from surgery for at least 7
days, then they received 0.3 mg/kg apomorphine SC twice
weekly for 2 weeks. Rats exhibiting at least 50 full contralat-
eral turns in each 10-min interval for 1 h were used for further
behavioral testing. The amount of turning observed in re-
sponse to apomorphine has been found to be directly corre-
lated with the extent of the nigral lesion (11).

Drug Administration

Doses of morphine sulfate (0.3, 1.0, 3.0, and 10 mg/kg,
SC) were administered to the rats in a random sequence. All
drugs were administered 5 min before the start of each test
session. Each animal was tested for rotational behavior two
times per week, with a 2- or 3-day interval between sessions.

Morphine Infusion

Once the effects of various doses of acute morphine on
turning behavior was established, a 7-day Alzet mini-osmotic
pump (2ML1; Alza Corp., Palo Alto, CA) was implanted in
the rats and the dose effects of morphine were redetermined.
Rats were lightly anesthetized with methoxyflurane (Meto-
fane; Pitman-Moore, Inc., Mundelein, IL) and the pumps
implanted SC in the midscapular region of the back. The
pumps were filled with a morphine sulfate solution and dis-
pensed approximately 20~24 mg/kg/day. Drug concentrations
were based on the weight of the animal and the infusion rate
of the pump. Once the pumps were implanted, rats were
housed individually in polycarbonate cages and maintained in
a temperature-controlled cabinet with a 12 L : 12 D cycle. All
animals received food ad lib and had scheduled access to their
drinking water for 10 min every 6 h, 7 days per week. Three
days after the implantation, drug testing resumed. A week
after the implantation, the pump was removed and a second
pump implanted to achieve a morphine dose of 20-24 mg/kg/
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day. At the conclusion of the experiment, the pumps were
removed.

Data Analysis

The time course data for turning behavior were analyzed
using three-factor analysis of variance (ANOVA), with re-
peated measures on two factors. Total rotational count values
were analyzed by two-factor ANOVA, with repeated measures
on one factor, followed by f-tests protected for multiple pair-
wise comparisons.

Drugs

Morphine sulfate was obtained from Penick Corp. (New-
ark, NJ), 6-hydroxydopamine (6-OHDA) hydrobromide from
Sigma Chemical Co. (St. Louis, MO), and apomorphine hy-
drochloride from Research Biochemicals, Inc. (Natick, MA).
Morphine was dissolved in 0.9% saline; apomorphine and
6-OHDA were dissolved in a solution of 0.02% ascorbic acid
in 0.9% saline. Morphine and apomorphine were adminis-
tered in a volume of 1.0 ml/kg body weight, with all doses
expressed as the free base.

RESULTS

Figure 1 shows the dose- and time-effect relationships of
morphine on rotational behavior of lesioned animals receiving
only acute morphine injections and the same animals receiving
a continuous infusion of the drug. Morphine doses ranging
from 0.3 mg/kg to 3.0 mg/kg produced slight but significant
increases in full ipsilateral turning, F(4, 48) = 2.86, p =
0.033, and direction changes, F(4, 48) = 3.04, p = 0.0261,
that were dose related in both treatments. However, these
increases were greater when the lesioned animals were receiv-
ing chronic morphine. The highest dose of morphine (10 mg/
kg) produced minimal activity in the control lesioned animals,
those receiving acute morphine only. This dose produced a
large initial increase in partial ipsilateral turns in the animals
receiving an infusion, then the activity declined but remained
higher than that of the control lesioned animals. The animals
receiving chronic morphine had increased partial ipsilateral
activity and direction changes even when they received a 0.9%
saline injection.

Treatment with chronic morphine had a significant effect
on both full, F(1, 12) = 10.73, p = 0.007, and partial ipsilat-
eral turning behavior, F(1, 14) = 9.55, p = 0.008, but not on
direction changes. For these two measures, the interaction
between the treatment and the time course of the experiments
was also significant: full ipsilateral, F(17, 204) = 4.34, p <
0.0001, and partial ipsilateral, F(17, 238) = 3.02, p <
0.0001. Thus, receiving chronic morphine had an effect on the
turning response of the animals to acute morphine over the
time course.

Total rotational behavior over the 3-h period is compared
in Fig. 2. This figure shows that there was no significant dif-
ference in full contralateral turning, partial contralateral turn-
ing, and direction changes between the control lesioned ani-
mals and morphine-treated lesioned animals. There was a
significant difference between the two groups in the total num-
ber of full ipsilateral turns, F(1, 6) = 10.25, p = 0.02, as well
as in the total number of partial ipsilateral turns, F(1, 6) =
6.14, p = 0.05. These were, in both cases, greater in lesioned
animals receiving the morphine infusion than in those receiv-
ing only acute morphine. None of these five measures showed
a significant interaction between the treatments and the doses
of acute morphine administered to those animals.
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FIG. 1. Rotational counts in rats receiving morphine injections at doses of 0.3, 1.0, 3.0, and 10
mg/kg. Data in the left panels are from control lesioned rats receiving only acute morphine,
while data in the right panels are from lesioned rats with osmotic pumps dispensing morphine
continuously. Each point is a mean based upon one observation in each of five to eight rats.

p-Values represent differences between the treatment groups.

DISCUSSION

Despite the fact that morphine increases extraneural levels
of dopamine in the striatum and increases locomotor activity
over the range of doses tested (see the introductory para-
graphs), it failed to produce a large effect on rotational behav-
ior in control lesioned animals and had a marginal effect in
animals receiving a continuous infusion of morphine. This
lack of increase in net turns in either direction when animals
received only acute morphine supports observations previously
reported by Von Voigtlander and Moore (25). In lesioned rats
receiving chronic morphine, Pert saw an increase in ipsilateral

turning in response to 10 mg/kg morphine for a 30-min observa-
tion period (18). This report corresponds well with our observa-
tion of a large increase in turning for the first half-hour of the
time course in lesioned animals receiving chronic morphine.
There are several possibilities for this outcome. For example,
the increase in synaptic dopamine after the administration of
morphine may have been insufficient to initiate turning, failing
to reach a threshold level. The quantitative relationship between
synaptic concentrations of dopamine and rotational behavior
has not been defined. Alternatively, the postsynaptic actions of
morphine or effects of morphine on downstream neurotransmit-
ter systems may counteract the effects of the drug on dopamine.
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FIG. 2. Total rotational counts over a 3-h testing period, derived from the time effect data in Fig. 1. Each bar represents a mean and 1| SEM.
Significant differences between lesioned animals receiving only acute morphine and the same animals with continuous morphine delivered by a
mini-osmotic pump, *p < 0.05, repeated measures ANOVA.

Chronic treatment with morphine produces tolerance to changes in turning behavior induced by morphine were small.
behavioral depressant effects of the drug and enhances the Based upon the results of this study, it appears that the rota-
excitatory effects, such as stimulation of locomotor activity tional model has limited value for studying the neurochemical-

(see the introductory paragraphs). The drug treatment regime behavioral correlates of the effects of morphine.
used in this study was adequate to produce tolerance to anal-

gesic and behavioral depressant effects of morphine (1,16). In ACKNOWLEDGEMENTS
the present StUd)f’ rats were infused with morphine al.nd be- This research was supported by Grant DA00541 and Research
came tolerant to it, as evidenced by the altered responsiveness Scientist Award KO5 DA00008, both from the National Institute on

to the previously depressant 10 mg/kg dose. Nevertheless, the Drug Abuse, N.I.H.

REFERENCES
1. Adams, J. U.; Holtzman, S. G. Tolerance and dependence after locomotor activity in morphine-tolerant rats. Neuropharmacol-
continuous morphine infusion from osmotic pumps measured by ogy 19:619-621; 1980.
operant responding in rats. Psychopharmacology (Berlin) 100: 6. Buxbaum, D. M.; Yarbrough, G. G.; Carter, M. E. Biogenic
451-458; 1990. amines and narcotic effects. I. Modification of morphine-induced
2. Ayhan, I. H.; Randrup, A. Behavioral and pharmacological stud- analgesia and motor activity after alteration of cerebral amine
ies on morphine-induced excitation of rats. Possible relation to levels. J. Pharmacol. Exp. Ther. 185:317-327; 1973.
brain catecholamines. Psychopharmacologia 29:317-328; 1973. 7. Di Chiara, G.; Imperato, A. Opposite effects of mu and kappa
3. Babbini, M.; Davis, W. M. Time-dose relationships for locomo- opiate agonists on dopamine release in the nucleus accumbens
tor activity effects of morphine after acute or repeated treatment. and in the dorsal caudate of freely moving rats. J. Pharmacol.
Br. J. Pharmacol. 46:213-244; 1972, Exp. Ther. 244:1067-1080; 1988.
4. Brady, L. S.; Holtzman, S. G. Locomotor activity in morphine- 8. Di Chiara, G.; Imperato, A. Drugs abused by humans preferen-
dependent and postdependent rats. Pharmacol. Biochem. Behav. tially increase synaptic dopmaine concentrations in the mesolim-
14:361-370; 1981. bic system of freely moving rats. Proc. Natl. Acad. Sci. USA 85:

5. Browne, R. G.; Segal, D. S. Alterations in b-endorphin-induced 5274-5278; 1988.



MORPHINE AND ROTATIONAL BEHAVIOR

16.

17.

18.

. Domino, E. F.; Vasko, M. R.; Wilson, A. E. Mixed depressant

and stimulant actions of morphine and their relationship to brain
acetylcholine. Life Sci. 18:361-376; 1976.

. Goodman, R. R.; Aider, B. A.; Pasternak, G. W. Regional distri-

bution of opioid receptors. In: Pasternak, G. W., ed. The opiate
receptors. New York: Humana Press; 1988:197-228.

. Hudson, J. L.; van Horne, C. G.; Stromberg, I.; Brock, S.;

Clayton, J.; Masserano, J.; Hoffer, B. J.; Gerhardt, G. A. Corre-
lation of apomorphine- and amphetamine-induced turning with
nigrostriatal dopamine content in unilateral 6-hydroxydopamine
lesioned rats. Brain Res. 626:167-174; 1993.

. Kalivas, P. W.; Stewart, J. Dopamine transmission in the initia-

tion and expression of drug- and stress-induced sensitization of
motor activity. Brain Res. Rev. 16:223-244; 1991.

. Leone, P.; Pocock, D.; Wise, R. A. Morphine-dopamine interac-

tion: Ventral tegmental morphine increases nucleus accumbens
dopamine release. Pharmacol. Biochem. Behav. 39:469-472; 1991.

. Mansour, A.; Khachaturian, H.; Lewis, M. E.; Akil, H.; Wat-

son, S. J. Anatomy of CNS opioid receptors. Trends Neurosci. 7:
308-314; 1988.

. Oka, T.; Hosoya, E. Effects of humoral modulators and nalox-

one on morphine-induced changes in the spontaneous locomotor
activity of the rat. Psychopharmacology (Berlin) 47:243-248;
1976.

Paronis, C. A.; Holtzman, S. G. Development of tolerance to the
analgesic activity of mu agonists after continuous infusion of
morphine, meperidine or fentanyl in rats. J. Pharmacol. Exp.
Ther. 262:1-9; 1992.

Paxinos, G.; Watson, C. The rat brain in stereotaxic coordinates.
2nd ed. Sydney: Academic Press; 1986.

Pert, A. The effects of opiates on nigrostriatal dopaminergic ac-
tivity. In: van Ree, J. M.; Terenius, L., eds. Characteristics and
function of opioids. Developments in neuroscience, vol. 4. New
York: Elsevier; 1978:389-401.

19.

20.

21.

22,

23.

24,

25.

26.

27.

401

Sharif, N. A.; Hughes, J. Discrete mapping of brain mu and delta
opioid receptors using selective peptides: Quantitative autoradi-
ography, species differences and comparison with kappa recep-
tors. Peptides 10:499-522; 1989.

Spanagel, R.; Herz, A.; Shippenberg, T. S. The effects of opioid
peptides on dopamine release in the nucleus accumbens: An in
vivo microdialysis study. J. Neurochem. 55:1734-1740; 1990.
Spanagel, R.; Herz, A.; Shippenberg, T. S. Identification of the
opioid receptor types mediating beta-endorphin induced alter-
ations in dopamine release in the nucleus accumbens. Eur. J.
Pharmacol. 190:177-184; 1990,

Ungerstedt, U. Postsynaptic supersensitivity after 6-hydroxy-
dopamine induced degeneration of the nigrostriatal dopamine
system in the rat brain. Acta Physiol. Scand. 82(Suppl. 37):69-
93; 1971.

Ungerstedt, U.; Arbuthnott, G. W. Quantitative recording of
rotational behavior in rats after 6-hydroxydopamine lesions of
the nigrostriatal dopamine system. Brain Res. 24:485-493; 1970.
Vasko, M. R.; Domino, E. F. Tolerance development to the
biphasic effects of morphine on locomotor activity and brain
acetylcholine in the rat. J. Pharmacol. Exp. Ther. 207:848-858;
1973.

Von Voigtlander, P. F.; Moore, K. E. Turning behavior of mice
with unilateral 6-hydroxydopamine lesions in the striatum: Ef-
fects of apomorphine, L-DOPA, amantadine, amphetamine and
other psychomotor stimulants. Neuropharmacology 12:451-462;
1973.

Wood, P. L. Opioid regulation of CNS dopaminergic pathways:
A review of methodology, receptor types, regional variations and
specific differences. Peptides 4:595-601; 1983.

Wood, P. L.; Iyengar, S. Central actions of opiates and opioid
peptides: In vivo evidence for opioid receptor multiplicity. In:
Pasternak, G. W., ed. The opiate receptors. New York: Humana
Press; 1988:307-356.



