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ABSTRACT

Aims: The aim of this study was to evaluate the possible effects of estradiol valerate and a
specific estrogen receptor modulator, raloxifene on passive avoidance learning in male
mice and to determine whether there is an interaction between estrogen receptor binding
drugs and morphine.
Study Design: In this study, the state-dependent learning for morphine was evaluated at
the first step, and then the effects of raloxifene and estradiol on this characteristic of
morphine was evaluated. Besides the later two drugs’ independent effect on passive
avoidance learning was studied too.
Place and Duration of Study: All the experiments carried out in the pharmacology
laboratory, School of Pharmacy, Zanjan University of Medical Sciences between April-July
2013.
Methodology: In this study, 120 Male NMRI mice were used according to the guidelines
for animal ethics. State dependent learning (as one of the usual methods for assessment of
passive avoidance learning) was performed using a step down shuttle box. During training,
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mice were shocked only after they step down on from the queue. Latencies to step down
are recorded to assess passive avoidance short term memory. Prior training they received
saline or morphine and before testing session the animals received saline or morphine plus
estrogen valerate or raloxifene in relevant groups.
Results: The results illustrated that pre-training administration of morphine, induced
amnesia which was retained by a similar pre-test dose (morphine state dependent
learning). Pre-test estradiol valerate injection was able not only to retrieve morphine
induced amnesia but also improved morphine state-dependent learning. On the other
hand, raloxifene had no effect on memory retrieval itself, but decreased morphine state
dependent learning.
Conclusion: The results of this study indicated that estrogen receptor modulators not only
are able to manipulate the learning patterns, but also there might be an interaction between
these drugs and morphine induced state dependent learning in mice.

Keywords: Estradiol; raloxifene; step-down; memory; morphine; mice.

1. INTRODUCTION

Learning can be described as the mechanism by which new information is acquired, while
memory is the process of preserving the new information [1]. It is convenient to categorize
memory as being explicit (conscious recall of information about people, places, and things),
or implicit as the non-conscious recall of tasks such as motor skills [2].

State dependent learning has been known since 1930 and is described as a phenomenon in
which the retrieval of short term memory is possible only if the subject is in the same
physiological state [2-3]. Lots of drugs especially those with major role in the central nervous
system (CNS), suggested to have state-dependent learning characteristic among which
morphine is one of the most widely used [4]. Passive avoidance is a method developed
for the study of learning and memory in mice based on the measurement of step-down
latencies [5].

Morphine is an opioid with wide therapeutic usage pain relief [6]. Although, chronic use of it
leads to physical and psychological dependences; evidence shows that morphine has a
major site of action at midbrain, which makes it capable of affecting memory and learning
patterns both in acute and chronic administration [7-10]. The majority of morphine-central
actions such as state-dependent learning are mediated by mu-opioid receptors [11]. Opioid
receptors are abundant in the hippocampus and are known to modulate the excitability of
hippocampal neurons whereas mu-opioid receptor antagonists impair spatial learning and
memory [12-13].

Binding of morphine with mu-opioid receptors at midbrain may lead to a dopamine release at
the end of the neuronal projections in amygdala, which induces a rewarding effect of opioid
[14-15].  It has been proved that several effects of acute and chronic exposure to morphine
are expressed differently on the basis of gender such as anti-nociception [16], locomotion
[17] and development of tolerance and dependence [18]. Moreover, according to the
previous researches estrogen has been shown to influence learning and memory [19], while
its efficacy varies with task study design [20], type of memory [21], and the rout or longevity
of hormone administration [22].
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It has been shown that estrogen plays a substantial role in the induction of acute tolerance to
morphine induced analgesia [23]. Moreover, it has been reported that consolidation and
retrieval of morphine-associated contextual memory can be disrupted by tamoxifen and this
impairing effect might be prohibited by estradiol treatment [24]. On the other hand, spinal
kappa- and mu-opioid receptor hetero-dimerization can be regulated via spinal synthesis of
estrogen and concomitant signaling by membrane estrogen receptors as well as female-
specific spinal morphine antinociception [25]. Although lots of researches have been carried
out about estrogen and morphine interactions; there is no report suggesting the effects of
estrogen towards morphine induced state-dependent learning.

As there is a gap of knowledge about the interaction between state dependent learning and
SERMs and the lack of information on the raloxifene's effects on memory in general and
state dependent learning in particular; the purpose of this study was to investigate the effects
of various doses of estradiol valerate and raloxifene (a selective estrogen receptor
modulator; SERM) for the first time on morphine state-dependent learning according to step-
down passive avoidance task in mice.

2. MATERIALS AND METHODS

2.1 Animals

Male adult NMRI mice (bred in animal department, School of Pharmacy, with ISO17025
license) weighing 24.6–29.6 g were used in the present study. The animals were housed in a
temperature/moisture controlled (22±3ºC/45-55% humidity) colony room. They were
maintained in a 12-h light/dark cycle with food and water ad libitum, except during
experimental procedures. All experiments were carried out between 10:00 a.m and 3:00 p.m.
All subjects were acclimatized to the laboratory conditions for at least 72 hours prior to the
initiation of any experiment. Each mouse was used once and each treatment group
consisted of ten animals. All procedures were carried out according to national guidelines for
animal care and use. The protocol was approved by the Committee of Ethics of the institute.

2.2 Drugs and Chemicals

Morphine sulphate was purchased from Temad (Iran). Estradiol valerate, raloxifene and ultra
filtrated sesame oil (as a vehicle for estradiol) were purchased from Iran Hormone Company.
Polyethylene glycol 300 (PEG300) was purchased from Merck Schuchardt OHG
(Hohenbrunn, Germany).

Morphine sulfate was dissolved in normal saline (0.9%) and estradiol valerate emulsified in
sesame oil and normal saline (0.9%). PEG300 was applied as a vehicle for raloxifene.

2.3 Passive Avoidance Apparatus

The passive avoidance apparatus consisted of a wooden box (30×30×40 cm height), the
floor of which was consisted of 29 parallel stainless steel bars (0.3 cm in diameter, spaced 1
cm apart). A wooden platform (4×4×4 cm) was set in the center of the grid floor. Intermittent
electric shocks (1 Hz, 0.5 sec, 50 V DC) were delivered to the grid floor by an insulated
stimulator (Panlab LE12106, Spain). A single-trial step-down passive avoidance task was
carried out applying this apparatus. Each mouse was gently placed on the wooden platform.
When the mouse stepped-down from the platform and placed all its four paws on the grid
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floor, the animal received electric shock for 15 sec. But in this weak voltage the mice only
feel a transient general tremor and their long term reaction will be avoiding to step dawn the
wooden queue in order to avoid experiencing this tremor. In order to set the retention test,
each mouse was placed on the platform again at 24 h after training and the step-down
latency was recorded with a stopwatch. An upper cut-off time of 300 sec was set for time
recording.

2.4 Experiments

All treatments/drugs were injected intraperitoneally (I.P) and the dosage ranges were
selected on the basis of references [26-27]. Although there was lack of information for
raloxifene dosing in memory assessment models, the present dose range was applied
according to three more relevant papers [28-30].

2.4.1 Morphine State-dependent learning (experiment 1)

This experiment examined morphine state dependent learning. Animals in control group
received 10 ml/kg normal saline subcutaneously both in pre-training and pre-test
administrations. Three other groups received 5mg/kg pre-training morphine followed by a
pre-test administration of either saline or morphine (1.25, 2.5 and 5 mg/kg).

2.4.2 The effects of estradiol on morphine state-dependent learning (experiment 2)

On the training day, one group of animals received saline and other animals received
morphine (5 mg/kg) 30 min before training. On the test day, animals received saline or
estradiol (0.45, 0.9 and 1.8 mg/kg) in the presence or absence of morphine (5 mg/kg), 30
min before testing.

2.4.3 The effects of raloxifene on morphine state-dependent learning (experiment 3)

On the training day, one group of animals received saline; other animals received morphine
(5 mg/kg) 30 min before training. On the test day, animals received saline or raloxifene (5,
10 and 20 mg/kg) 45 min before memory testing in the presence or absence of morphine (5
mg/kg) 30 min before testing.

2.5 Data Analysis

The step-down latencies were expressed as the median and interquartile range. The data
were analyzed by using Kruskal–Wallis non-parametric one-way analysis of variance
(ANOVA) followed by two-tailed Mann–Whitney U-test completed by a Holm’s Bonferroni
correction for the paired comparisons to evaluate significance of the results obtained. In all
statistical evaluations P<0.05 was used as the criterion for statistical significance.

3. RESULTS

3.1 Morphine State-Dependent Learning

The results illustrated that pre-training administration of morphine (5 mg/kg) impaired the
memory retrieval on the test day in comparison with saline-treated group (Kruskal-Wallis
Non-Parametric ANOVA; H (3) = 32.69, P < 0.001) (Fig. 1A), while the memory retrieval
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restored in groups which received different doses of morphine (1.25, 2.5 & 5 mg/kg) as a
pre-test treatment (morphine state-dependent learning) (Kruskal-Wallis Non-Parametric
ANOVA; H (3) = 35.11, P < 0.001, Mann Whitney U-test, P < 0.001 for different doses of
morphine as test treatment) (Fig. 1B).

Fig. 1. The effect of (pre-training, different doses of morphine + pre-test saline) (1A) or
(pre-training, 5 mg/kg morphine + pre-test different doses of morphine) (1B) on the

step-down latencies compared to control groups
Each value represents the median and quartile of 10 animals. * P < 0.05 and *** P < 0.001 compared

to pre-training and pre-test saline in figure 1A. *** P < 0.001 compared to pre-training morphine (5
mg/kg) and pre-test saline in figure 1B
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3.2 The Effects of Estradiol on Learning

As shown in Fig. 2 (the left columns), pre-test administration of estradiol valerate (0.45, 0.9
and 1.8 mg/kg) enhanced memory retrieval which had been impaired by pre-training
morphine (Kruskal-Wallis Non-Parametric ANOVA; H (3) = 15.68, P = 0.001). The best result
was obtained with 1.8 mg/kg of estradiol valerate (Mann Whitney U-test, P = 0.143, 0.104
and 0.0006 for 0.45, 0.9 and 1.8 mg/kg of estradiol valerate respectively). Moreover, Fig. 2
(the right columns) illustrated that, pre-test co-administration of different doses of estradiol
valerate (0.45, 0.9 and 1.8 mg/kg) with morphine (5 mg/kg), enhanced the memory retrieving
effect of pre-test morphine (5 mg/kg), in comparison with vehicle + morphine-treated animals
(Kruskal-Wallis Non-Parametric ANOVA; H (3) = 20.11, P < 0.001). Lower doses of estradiol
valerate (0.45 and 0.9 mg/kg) had no significant effect on morphine state-dependent learning
while the highest dose (1.8 mg/kg) significantly increased the retention time (Mann Whitney
U-test, P = 0.684, 0.086 and 0.012 for 0.45, 0.9 and 1.8 mg/kg of estradiol valerate
respectively).

Fig. 2. The effect of pre-test administration of different doses of estradiol valerate or
estradiol valerate + morphine after the administration of pre-training morphine

Each value represents the median and quartile of 10 animals. *** P < 0.001 compared to pre-training
morphine (5 mg/kg) and pre-test vehicle of estradiol valerate. ++ P < 0.01 compared to pre-training and

pre-test morphine (5 mg/kg)

3.3 The Effects of Raloxifene on Learning

According to Fig. 3 (the left columns), pre-test administration of raloxifene (5, 10 and 20
mg/kg, 45 min prior to test) did not retrieved memory which was impaired by pre-training 5
mg/kg of morphine (Kruskal-Wallis Non-Parametric ANOVA; H (3) = 3.6, P= 0.308). On the
other hand, Fig. 3 (the right columns) illustrated that, pre-test co-administration of raloxifene
(5, 10 and 20 mg/kg, 45 min prior to test) with morphine (5 mg/kg, 30 min prior to test),
diminished the memory retrieval effect of pre-test morphine (state-dependent learning of
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morphine), in comparison with vehicle-treated group (Kruskal-Wallis Non-Parametric
ANOVA; H (3) = 10.7, P < 0.014). Lower doses of raloxifene (5 and 10 mg/kg) had no
significant effect on memory retrieval by morphine while the highest dose (20 mg/kg)
significantly decreased the retention time (Mann Whitney U-test, P = 0.631, 0.56 and 0.015
for 5, 10 and 20 mg/kg of raloxifene respectively).

Fig. 3. The effect of pre-test administration of different doses of raloxifene or
raloxifene + morphine after the administration of pre-training morphine

Each value represents the median and quartile of 10 animals. + P < 0.05 compared to pre-training
and pre-test morphine (5 mg/kg)

4. DISCUSSION

The precise mechanisms of the interactions between systems related to memory are
relatively unknown and currently under extensive investigation. In the present study, the
effects of estrogen receptor modulators (estradiol valerate and raloxifene) on morphine
induced amnesia and state-dependent learning were studied.

4.1 Morphine State-Dependent Learning

The results obtained from this research on morphine state-dependent learning illustrated that
Pre-training administration of morphine (induced amnesia which was restored after a similar
pre-test dose of the drug. These findings confirm the state dependent learning effect
of morphine which was first introduced in 1990 [11] and later on, confirmed by other
studies [31-35].
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Findings on opioids role in memory, are controversial. While it has been reported that spatial
memory [36] or synaptic plasticity [37] has been impaired by morphine infusion into medial
septum. On the other hand, some findings proved that opioids can improve synaptic
plasticity in hippocampus [38-39].

4.2 The Effects of Estradiol on Learning

The results of this study indicated that pre-test administration of estradiol valerate enhanced
memory retrieval which was impaired by pre-training morphine administration. A growing
body of evidence suggests that the most abundant gonadal steroid hormone (17ß-estradiol)
in females may have an impact on memory and learning such as motor skills and spatial
memory. The involved mechanisms are potentiating cerebellar plasticity in motor skills.
Spatial memory enhancement selectively related to alpha estrogen receptors in the
hippocampus [40-41]. Recent studies pointed out that estrogens potentiated spatial
reference memory [20] as well as working memory [21]. Reports on learning and memory
have been focused primarily on hippocampus, amygdale and cerebral cortex as basic sites
in the brain where the plasticity occurs [42]. The hippocampus is an essential neural
structure involved in the formation of certain types of memory [43].

Moreover, the present study showed that estradiol valerate improved morphine state-
dependent learning (Fig. 2). A couple of studies have been carried out to examine other
drugs or receptors' influence on morphine state dependent learning [7-8, 44-45], but there is
no evidence till now, on estrogens’ effects towards morphine state dependent learning.
Meanwhile there are some reports on morphine and estrogen interactions. A research has
mentioned that performance of adult male and female rats on tasks requiring learning and
spatial memory, has been altered on the basis of sex differences by prenatal morphine
exposure [46]. Morphine-induced conditioned place preference (CPP) in a dose-dependent
manner increased by post-training or pre-testing administration of estradiol [24]. Morphine
enhanced both the spatial memory performance in rats and Morris water maze test ranks in
mice which were impaired by iAbeta packaged virus injection. This effect was carried out by
induction of estradiol release in hippocampal neurons which suggested as a mechanism of
morphine protection [47].

4.3 The Effects of Raloxifene on Learning

In this study, I.P injection of raloxifene 45 minutes prior to test did not show any effect on
pre-training morphine induced amnesia. According to literature, there are contradictory
reports regarding raloxifene effects on memory. it has been reported that raloxifene
treatment did not impair cognition or affect mood in postmenopausal women [48];
meanwhile, brain activation patterns upon visual encoding in postmenopausal women were
affected by raloxifene [49]. Besides, overall cognitive scores in postmenopausal women with
osteoporosis have not been affected by three years of raloxifene treatment [50]. Raloxifene
did not enhance spatial working memory in aged monkeys despite many years of estrogenic
deprivation [51] and had no effect on dendritic branching during hippocampal development in
vitro [52]. Another research mentioned that cognitive performance in ovariectomized rats had
not been increased by raloxifene which was assessed by acquisition of a simple spatial
memory task [29]. Eight weeks treatment with raloxifene had no effect on cognitive variables
in postmenopausal women [53]. On the other hand it has been shown that raloxifene
significantly increased neuronal outgrowth of hippocampal neurons within a narrow dose
range but did not promote the outgrowth of basal forebrain or cortical neurons [54]. The drug
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treatment in healthy elderly men enhanced brain activation in areas spanning a number of
different cognitive domains which may related to effects on attention and working memory
performance, executive functions, verbal skills, and episodic memory [55] in a way that may
reflect increased arousal during initial encoding with downstream effects on brain function
during retrieval of information [56]. Raloxifene-treated animals had significant positive effect
on both memory deficit and the rate of recovery for the bilateral tactile removal test; also had
a significant improvement in the acquisition of working memory [30]. Other studies reported
that the drug not only had no negative influence on cognitive functioning in patients with
breast cancer [57] but also significantly improved verbal memory in postmenopausal women
when compared with placebo [58-59]. It has been shown that prefrontal cortex-related
cognitive performance got better in the presence of raloxifene and it modulated prefrontal
cortex morphology in ovariectomized rats [60]. Finally it is revealed that while lower dose of
raloxifene improved verbal memory, higher doses produced a decrease in the risk of mild
cognitive impairment and also lowered the risk of Alzheimer's disease in postmenopausal
women [61].

In the present study, Pre-test raloxifene co-administration with morphine, did not affect
morphine state-dependent learning, meanwhile higher doses of the drug diminished the
above mentioned effect of morphine. There are little data regarding raloxifene (or SERM)
and morphine interaction especially in the field of memory. It is revealed that tamoxifen was
able to disrupt consolidation and retrieval of morphine-associated contextual memory and
this impairing effect might be prohibited by estradiol treatment [24]. Raloxifene did not show
any effect on morphine withdrawal induced hyperthermia in ovariectomized  rats which was
in contrast with 17 alpha-Ethinyl estradiol [62]. In the same model, the effect of Ethinyl
estradiol in the morphine-dependent model of hot flush was inhibited by fulvestrant known as
the full antagonist of estrogen receptors [63].

5. CONCLUSION

The results of this study indicated that estrogen receptor modulators not only are able to
manipulate the learning patterns, but also, might have an interaction with morphine induced
state dependent learning in mice.
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