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The development of tolerance to locomotor effects of morphine and the
effect of various opioid receptor antagonists in rats chronically treated
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Abstract

Behavioural measures are considered to be highly sensitive indices of opioid withdrawal. Opioids, depending on dose and time protocols may
induce both reduction and enhancement of locomotor activity and chronic opioid treatment results in tolerance and sensitisation to these effects.
In the present study the locomotor activity as experimental model was used to assess the development of tolerance to subcutaneous morphing
challenge at different time points following morphine withdrawal in rats exposed to gradually increasing subcutaneous doses of morphine for
11 days. Tolerance developed to the inhibitory action of morphine (10 mg/kg) was observed even 8 weeks after morphine withdrawal, while
tolerance to its locomotor activity enhancing effect (3 mg/kg) was detected 18 h after withdrawal, but not 3 weeks later. In the other series of
experiments the locomotor activity of animals exposed to chronic morphine treatment was tested 18 h after spontaneous or subcutaneously
administrated opioid antagonists precipitated withdrawal. Spontaneous withdrawal resulted in a moderate decrease of locomotion. Both the
non-selective antagonist naloxone in Iqwppioid-receptor selective doses and &epioid-receptor selective naltrindole induced marked
reduction of locomotor activity. The results provide further evidence that paihdd opioid-receptors might be affected during chronic
morphine treatment.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction sion[9]. The stimulatory effect gi. andd opioid-receptor ag-
onists is supposed to be exerted at the level of ventral tegmen-
In spite of intensive research the mechanism of drug tal area (VTA), the cell body region of the mesolimbic DA-
dependence is not clearly understood. The long-term be-ergic systemk opioid-receptor agonists exert their inhibitory
havioural changes observed in animals exposed to graduallyeffect via presynaptic inhibition of DA nerve terminals in the
increased doses of opioid drugs may help to know more aboutnucleus accumbens (NAC},12,28,34]
this phenomenon. Morphine (MO) displays dual effect on the locomotor ac-
The different types of opioid-receptors affect the mesolim- tivity (LA), depending on the dose and on the time elapsed
bic dopamine (DA) transmission that seems to play important after the treatment. At the beginning of the observation pe-
role in their behavioural effectg.andd opioid-receptorago-  riod reduction of activity (sedation) is observed, followed
nists have been shown to stimulate, whereagioid-receptor by hyperactivity[3]. Both tolerance to these acute effects
agonists to suppress the mesolimbic dopaminergic transmis-and sensitisation to the hyperactivity have been reported
using various species of experimental animals and apply-
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Continuous exposure to MO results in development of Table 1
tolerance toits analgesic and also to some behavioural effects Treatment schedule of chronic MO administration (daily doses are given in
like sedation or reinforcemeft8,27,38] divided doses twice daily, at 6-h intervals)

Administration of naloxone (NX), the.-preferring, non D&y Daily s.c. MO
selective opioid-receptor antagonist to rats pretreated with re- dose (mg/kg)
peated doses of MO does not only precipitate the symptoms 1 400
of physical dependence, but induces behavioural changes, ﬁcllg
too. Thus conditioned place aversion (CPA) induced by 4 1315
NX is much more pronounced in MO-pretreated animals 5 1620
[11,22]than in MO-naive onef26]. A decrease in LA was 6 1925
also observefR5]. The majority of these experiments were  / 2230
done after short-term MO treatment or implantation of MO- 9 ggig
containing pellet. 10 3145

The aim of the present study was to investigate how the 11 3450

rats exposed to rapidly increasing s.c. doses of MO respond to
an acute MO, a non-selective opioid-receptor antagonist NX ) ] )
and a selectivé opioid-receptor antagonist naltrindole (NTI) ~Mals were given saline applying the same treatment schedule.
challenge. LA of animals was tested at different time points Chronically treated animals were divided in 11 groups (20 in
following withdrawal of MO administration. A higher dose ~ €ach), half of the animals in each group were given saline,
of MO (10 mg/kg) was applied for studying the development the othgr half MO. Durlng the treatment p'erlpq both the MO-
of tolerance to the hypoactivity-inducing effect and a smaller and saline-treated anlma_ls were placed individually in small
one (3 mg/kg) was applied for studying the development of (20 cmx 20 cmx 20 cm) wire mash cages.

tolerance to the hyperactivity-inducing effect. In Experiment | the locomotor activity decreasing effect
of MO as challenge drug in a dose of 10 mg/kg was studied

18 h after the last dose (drug withdrawal) and then 3, 8 and 12

2. Materials and methods weeks later. In Experiment Il the locomotor activity enhanc-
ing effect of MO as challenge drug in a dose of 3 mg/kg was
2.1. Animals studied first 18 h after drug withdrawal and then three weeks

later. In Experiment Il and IV the effect of saline and vari-
Male Wistar rats (Charles River, Budapest) weighing OUS QOses of the opioid antagonists as challenge drugs were
140-160g at the beginning of the experiments, housed atstudleq on LA 18h after the last treatment. In all the cases
constant temperature (20—2T) and humidity (55& 5%) un- the saline-pretreated animals (controls) were challenged with
der a standard 12—12 h light/dark cycle (light on at 6.00 a.m.) the same drug in the same dose as the MO-pretreated peers.
were used. Water and food were available ad libitum, except ~ The challenge drugs were tested also in MO-naive animals
during the tests. All the observations were made at compara-2nd compared to acute saline-treated peers.
ble times of a day during the light period. Each animal was
challenged only once, except in Experiments | and Il, where 2.3. Measurement of locomotor activity (LA)
the effect of MO as challenge drug was tested at various time
points after withdrawal. Horizontal LA (ambulation) was measured by an “Ani-
All experiments were performed according to the Sem- mal Activity Measurement System” (Research Institute of the
melweis University guidelines on the use of experimental Electrical Industry, Budapest, Hungary). The apparatus con-

animals under the licence of the Ethical Committee. sists of two testing boxes (50 cob0 cmx 30 cm) each with
a TV camera. The testing boxes are black-painted open field
2.2. Drugs and drug treatment protocols areas, set in an isolated dark room, illuminated by two stan-

dard laboratory lamps. The experimental animals are placed

Morphine HCI (MO), naloxone HCI (NX) and naltrindole into the boxes individually and their movement is followed
HCI (NTI) (ICN Alkaloida, Tiszavaséri, Hungary) were dis- by the TV cameras. The time passed in LA during the whole
solved in physiological saline and given subcutaneously (s.c.) observation period is recorded. All data are registered, pro-
generally in a volume of 0.1 ml/100 g bodyweight, but from cessed and statistically analysed by a[P4€].
the 8th day of MO-pretreatment in a volume of 0.2 ml/100 g. On the day of the observations the animals were trans-

Morphine tolerance/dependenceas studied in rats  portedtothetestingroom and thirty minutes later were treated
treated chronically with MO according to Buckett's treat- with one of the challenge drugs. Ten minutes after the treat-
ment schedul§g]. Gradually increasing doses of MO were ment they were placed into the testing boxes individually
given for 11 consecutive days in two daily portions, start- and the observation period started immediately without any
ing with a daily dose of 40 mg/kg and raised to as high as habituation and lasted 20 min in all of the experiments ex-
345 mg/kg (see treatment schedulelable 1. Control ani- cept in Experiments | and Il. In the Experiment I, when the
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