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The present study investigated the effect of morphine sensitization on the impairment of spatial memory
retrieval induced by acute morphine in adult male rats. Spatial memory was assessed by 2-day Morris water
maze task which included training and test day. On the training day, rats were trained by a single training session
of 8 trials. On the test day, a probe trial consisting of 60 s free swim period without a platform and the visible test
were administered. Morphine sensitization was induced by subcutaneous (s.c.) injection of morphine, once daily
for 3 days followedby5 dayswithoutdrug treatment before training. The results indicated that acute administration
of morphine (7.5 mg/kg, s.c.) before testing impaired spatial memory on the test day. Pre-test morphine-induced
amnesia decreased in morphine-sensitized (15 and 20mg/kg, s.c.) rats. Improvement in spatial memory retrieval
in morphine-sensitized rats was inhibited by once daily administration of naloxone (1 and 2 mg/kg, s.c.) 30 min
prior to the injection of morphine for three days. The results suggest that morphine sensitization reverses the
impairment of spatial memory retrieval induced by acute morphine and it is implied that mu-opioid receptors
may play an important role in this effect.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The role of opioid systems in learning and memory processes has
been the focus of interest in many experimental studies (Antonelli
et al., 2007; McNamara and Skelton, 1991; Zarrindast and Rezayof,
2004). A number of experiments have shown that opiates influence
learning and memory in laboratory animals. Memory impairment
following morphine administration has been observed in different
paradigms such as Y-maze discrimination task (Castellano, 1975) and
passive avoidance task (Jensen et al., 1978). It has been demonstrated
that pre-test morphine facilitates memory retrieval in amnesia induced
by pre-training administration of morphine (Zarrindast and Rezayof,
2004). There are also some reports indicating spatial learning deficits in-
duced by morphine administration in the Morris water maze (Li et al.,
2001; McNamara and Skelton, 1991). Mc Namara and Skelton, for in-
stance, found that pre-training repeated exposure to morphine slowed
acquisitionwhereas post-training administration ofmorphine did not im-
pair spatial memory in water maze task (McNamara and Skelton, 1992).
Further, it has been reported that pre-probe intracerebroventricular

injection of morphine has no effect on the retrieval of spatial memory in
Morris water maze task (Kahveci et al., 2006). However, the effects of
acute pre-test systemic administration of morphine on the retrieval of
spatial memory have not yet been assessed in the water maze task.

It is also found that repeated administrations of opioid receptor
agonists such as morphine produce a progressive enhancement of
their behavioral effects (Kuribara, 1995; Shippenberg et al., 1996).
This phenomenon, termed behavioral sensitization, is thought to
underlie certain aspects of drug addiction (Gaiardi et al., 1991;
Spanagel, 1995). Induction and expression of behavioral sensitization
seems to be linked to certain changes in many neurotransmitter circuit
interconnections among the ventral tegmental area, nucleus accumbens,
prefrontal cortex, amygdala and hippocampus (Vanderschuren and
Kalivas, 2000). Locomotor activity (Serrano et al., 2002), stereotypic
behavior (Kornetsky, 2004) and reward (Sahraei et al., 2009) are some
of the behavioral responses likely to be affected by opioid sensitization.
Although it has been suggested that learning and memory have very
important roles in morphine dependence and relapse (Hyman, 2005),
there are yet few studies concerning the influence of behavioral sensiti-
zation on learning andmemory paradigms. Previous studies have shown
that morphine-induced amnesia by pre-training (Zarrindast and
Rezayof, 2004; Zarrindast et al., 2006b) and post-training morphine
(Zarrindast et al., 2005) could be reversed by morphine sensitization in
passive avoidance task. However, the effect of morphine sensitization
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