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Morphine-induced conditioned place preference and the alterations of p-ERK, p-CREB
and c-fos levels in hypothalamus and hippocampus: The effects of physical stress
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Abstract

The hypothalamus and hippocampus are important areas involved in stress responses and reward processing. In addition, ERK/CREB pathway plays a critical role in
the control of cellular responses to stress and reward. In the current study, effects of acute and subchronic stress on the alteration of p-ERK, p-CREB and c-fos levels
in the hypothalamus and hippocampus of saline- or morphine-treated animals during morphine-induced conditioned place preference (CPP) procedure were inves-
tigated. Male Wistar rats were divided into two saline- and morphine-treated supergroups. Each supergroup includes of control, acute stress and subchronic stress
groups. In all of groups, the CPP procedure was done, afterward the alternation of p-ERK/ERK ratio, p-CREB/CREB ratio and c-fos level in the hypothalamus and
hippocampus were estimated by Western blot analysis. The results indicated that in saline- or morphine-treated animals, p-ERK/ERK ratio, p-CREB/CREB ratio and
c-fos level increased after application of acute and subchronic stress (except for p-ERK/ERK ratio in morphine-control group). Our findings revealed that in saline- or

morphine-treated animals, acute and subcronic stress increased the p-ERK/ERK ratio, p-CREB/CREB ratio and c-fos level in the hypothalamus and hippocampus

and this enhancement in morphine-treated animals, was more considerable than that in saline-treated animals.
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Introduction

Stressful conditions produce a series of physiologi-
cal and behavioral changes that enable the individual
to cope with new situations (1). It is well known that
the hypothalamus (HYP) and hippocampus (HIP) are
involved in neural circuits mediating response to stress
and control of hypothalamic — pituitary — adrenal (HPA)
axis (2, 3). In the HYP, producing neurons of corticotro-
phin releasing hormone (CRH) located in the paraven-
tricular nucleus and the activity of these neurons forms
the basis of the activity of the HPA axis. Different kinds
of stressors regulate transcription of the CRH gene in the
paraventricular nucleus (2, 4). The CRH neurons induce
adrenal corticotrophic hormone (ACTH) release from
the pituitary, which subsequently causes cortisol (in
primates) and corticosterone (in rodents) release from
the adrenal cortex (4). In addition, opiate receptors have
been identified in cell bodies within the HYP (5) and
it was established that this area is one of brain regions
involve in the opioid addiction (6). Orexin neurons in
lateral HYP play an active role in reward processing and
drug of abuse. Mice with a genetic deletion of orexin
completely lack conditioned place preference (CPP) for
morphine (7). Moreover, previous studies reported that
lesions of the ventromedial HYP in rats produced a sup-
pression of the morphine-withdrawal syndrome (8).

In addition to the HYP, the HIP is another essential
region for endocrine and behavioral responses to stress,
too (9). This area is critical for learning and memory and
plays an important role in the acquisition of CPP. Last
studies clarified that the HIP is necessary to mediate the
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expression of place learning (10). Lesion or inhibition
of this area disturbs acquisition and expression of co-
caine-induced CPP (11). The HIP has been shown to be
involved in reward-related learning, particularly when
animals must remember the place and cues associated
with drug administration (10).

It was reported that extracellular signal-regulated
protein kinase (ERK) pathway is the major conver-
gence point in all signal pathways, regulating cellular
growth and differentiation, learning, memory forma-
tion and neuronal plasticity (12). This pathway plays
a critical role in control of cellular responses to stress
and rewarding effects of many drugs of abuse, such as
nicotine, morphine, cocaine, and alcohol (13, 14). Two
well characterized nuclear targets for ERK protein are
cyclic AMP-response element binding protein (CREB)
and c-fos (15). CREB has been shown to be involved
in the adaptative response to drug addiction, emotional
behavior and stress (16, 17). Moreover, ERK and CREB
have emerged as critical points of convergence in si-
gnaling pathways regulating neuronal plasticity. When
the ERK activation is depressed, the CREB-dependent
plasticity will be disrupted. Similarly, CREB phospho-
rylation is essential for the induction of the ERK-de-
pendent plasticity (12). Some evidence declared that
c-fos is a well-known marker of cell activation (18). Va-
rious kinds of stimuli, including stressful stimuli induce
c-fos expression in different regions of the brain (19).
This protein contributes to the initiation and coordina-
tion of molecular cascades and cellular events required
for neuroplasticity, and through this mechanism it has
an established role in learning and memory (20). There-
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fore, in the current study we tried to indicate the effect
of acute and subchronic stress on the alterations of p-
ERK/ERK ratio, p-CREB/CREB ratio and c-fos level
in the hypothalamus and hippocampus of saline- or
morphine-treated animals and/or to determine if change
in the levels of p-ERK, p-CREB and c-fos in animals
which received both stress and morphine is different
from animals which received only stress or morphine.

Materials and methods

Animals

Adult male Wistar rats (Pasture Institute; Tehran,
Iran) weighing 230-280 g were used in the current stu-
dy. Animals were maintained under standard conditions
(12 h light / 12 h dark, temperature 22 + 2° C), food and
water were given ad libitum . All investigations and pro-
cedures were conducted in accordance with the Guide
for the Care and Use of Laboratory Animals (Natio-
nal Institutes of Health Publication No. 80-23, revised
1996) and were approved by the local ethical commit-
tee, Shahid Beheshti University of Medical Sciences.

Materials

Morphine sulfate (Temed co., Tehran, Iran) was dilu-
ted in 0.9% sterile saline at a concentration of 5 mg/
ml and administered subcutaneously (5 mg/kg, s.c.).
Antibodies directed against ERK (Cat No. #9122), p-
ERK1/2 (Thr202/Tyr204; Cat No. #4377), CREB (Cat
No. #4820), p-CREB (Ser133; Cat No. # 9198), c-fos
(Cat No. #2250), B-Actin (Cat No. #4967) and seconda-
ry antibody IgG (Cat No. #7074) were purchased from
Cell Signaling Technology, USA. Enhanced chemilu-
minescence (ECL) kit was obtained from Amersham
Bioscience, USA.

Conditioning apparatus and paradigm

The conditioned place preference (CPP) paradigm
took place on 5 consecutive days by using an unbiased
procedure. Place conditioning boxes were made of
Plexiglas and consist of two sides (30 cm x 30 cm x 40
cm), but differed in shading and texture. Compartment
A was white with black horizontal stripes 2 cm wide on
walls and also had a net-like floor. Compartment B was
black with vertical white stripes, 2 cm wide and also
had a smooth floor. The third compartment, C, was a
red tunnel (30 cm % 15 cm X 40 c¢cm). It protruded from
the rear of the two large compartments and connected
the entrances of them. In this apparatus, rats showed no
consistent preference for either large compartments (A
and B), which supports our un-biased CPP paradigm. It
took place in the following manner.

Pre-conditioning phase

On the first day, each rat was placed separately into
the apparatus for 10 min with free access to all com-
partments (A, B and C), and the amount of time spent
in each compartment was measured to assess uncondi-
tioned preference. (The position of the animal was defi-
ned by the position of its front paws.) In the particular
experimental setup used in the present study the animals
did not show a significant preference for either of the
compartments (A and B) during preconditioning phase.
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Conditioning phase

Place conditioning phase started 1 day after precondi-
tioning phase for 3 days. This phase consisted of six 30-
min sessions (three saline-treated and three morphine-
treated). These sessions were conducted twice each day
(days 2—4) with a 6-h interval. On each of these days,
morphine-treated groups received one conditioning ses-
sion with morphine and one with saline. During these
sessions, the animals were confined to one compartment
by closing the removable doors. Animals were injected
with morphine or saline and immediately confined to
one compartment of the apparatus. After 6-h interval,
following administration of saline, the animals were
confined to the other compartment. Treatment compart-
ment and order of presentation of morphine and saline
were counterbalanced for either group. In saline-treated
groups, animals received saline instead of morphine. In
other words, they did not receive morphine during this
phase and only received saline in both sessions each
day.

Post-conditioning phase

On the fifth day, the wall was removed, and each ani-
mal was allowed free access to all apparatus. The mean
time spent for each rat in both large compartments was
recorded by ethovision software (Version 3.1), a video
tracking system for automation of behavioral experi-
ments (Noldus Information Technology, the Nether-
lands). Conditioning score (CPP score) represents the
time spent in the reward-paired compartment minus the
time spent in the same compartment on the pre-condi-
tioning phase during a 10-min period (21).

Forced swim stress

The forced swim stress (FSS) was performed in a
Plexiglas tank (50 cm height x 30 cm diameter) filled
with 35 cm depth of water (24 + 27 °C). Each rat was
obliged to swim for 6 min once a day individually. In
order to induce acute stress, the animals received FSS
for 6 min just one day but, in subchronic stress groups,
the animals received FSS for 6 min once a day for 3
days consecutively.

Western blot analysis

For Western blot analysis, three or four rats per
group were decapitated after performance of the CPP
paradigm and the brains were rapidly removed on ice.
The brain was placed in a stainless steel brain matrix,
and the HYP and HIP were dissected bilaterally accor-
ding to the atlas of Paxinos and Watson (22). All tissues
were placed into liquid nitrogen to be frozen. Tissues
were sonicated in 1% sodium dodecyl sulfate buffer
in Tris—=EDTA, pH 7.4, containing 1x protease inhibi-
tor cocktail, 5 mM NaF, and 1 x phosphatase inhibitor
cocktail. Samples were boiled for 5 min and centrifuged
at 16,100 x g for 10 min. The proteins were electro-
phoresed in 12% SDS-PAGE gels, transferred to poly
vinylidene fluoride membranes. Blots were incubated in
blocking buffer (10% nonfat dry milk powder in Tris-
buffered saline containing 0.5% Tween-20, TTBS) for
1 h at room temperature (RT), were incubated with pri-
mary antibody overnight at 4° C and then washed 10
min X 3 in TTBS. Blots were incubated with secondary
antibody IgG for 1 h at RT, washed 10 min x 3 in TTBS,
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treated with ECL reagents and exposed to film. Data
analysis was performed by Image J., measuring inte-
grated density of bands after background subtraction.
Protein concentrations were determined according to
Bradford’s method (23).

Experimental design

Male Wistar rats were divided into two main super-
groups, saline- and morphine-treated animals. Each
supergroup consists of control, acute stress and sub-
chronic stress groups. In behavioral studies, each group
consists of 6-8 animals and in molecular studies, 3-4
animals were used in each group. In all of the groups
the animals passed CPP stages according CPP protocol
(Electronic supplementary Fig. 1A). In saline-treated
animals, control group received saline (1 ml/kg) during
the conditioning phase without any stress, acute stress
group received saline during the conditioning phase and
also FSS on the post-conditioning phasel0 min before
was put on apparatus and subchronic group received
FSS during 3-day schedule conditioning phase, 10 min
before saline injection once a day. In morphine-treated
animals, control group treated with morphine (5 mg/
kg) during the conditioning phase, acute stress group
received morphine in the conditioning phase, also FSS
on the post conditioning phase 10 min before was put
on apparatus (Electronic supplementary Fig. 1B) and
group received FSS during the conditioning phase 10
min before administration of morphine (Electronic sup-
plementary Fig. 1C).

To investigate the alterations of p-ERK/ERK ratio,
p-CREB/CREB ratio and c-fos level, on the fifth day,
each animal was immediately killed after post-conditio-
ning phase by decapitation and the brains were rapidly
removed (n=3-4/group). In each animal the HYP and
HIP were immediately dissected out and kept at 80° C
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Figure 1. Alteration of p-ERK/ERK ratio in the hypothalamus
(HYP) after induction of acute and subchronic stress during condi-
tioned place preference paradigm. Upper panels are the representa-
tive immunoblots of proteins in this area. Bottom panels show the
mean p-ERK/ERK ratio calculated from densitometric quantifica-
tion of the corresponding bands from left to right, respectively. Each
point shows the mean = SEM for 3-4 rats.

** P<0.01, *** P<0.001 different from the saline-control group

+ P<0.05, 111 P<0.001 different from the morphine-control group
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until further processed. In each area, p-ERK/ERK ratio,
p-CREB/CREB ratio and c-fos level were evaluated by
using Western blot analysis.

Statistical analysis

All analyses were calculated by using GraphPad
Prism (Version 5.0) software. All data were shown as
mean + SEM (standard error of mean) and were ana-
lyzed by two-way or one-way ANOVA followed by
post hoc Bonferroni test or Newman-Keuls multiple
comparison test as needed, respectively. P-values less
than 0.05 (P<0.05) were considered to be statistically
significant.

Results

In the behavioral experiments, for determining the
effects of acute and subchronic stress on the change
in conditioning scores, the animals passed CPP stages
according to CPP protocol and afterward, conditioning
score was calculated. The behavioral data has been pu-
blished in recent study (21). Briefly, the behavioral ex-
periments showed that there are significant differences
in the conditioning scores between the groups with/wit-
hout stress in the saline- and morphine-treated animals
[Stress effect: F(2,35)=25.77, P=0.0004; Morphine
treatment: F(1,35)=1.02, P=0.4413; StressxMorphine
treatment: F(2,35)=26.4, P=0.0003]. These data also
clarified that in the saline-treated animals, conditio-
ning scores did not have any alteration in respective
saline-control group after application of acute stress
but it decreased after performance of the subchronic
stress [£(5,40)=8.271, P<0.0001]. On the other hand,
in the morphine-treated animals, conditioning scores
decreased after application of both acute and subchro-
nic stress (21).
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Figure 2. Alteration of p-CREB/CREB ratio in the hypothalamus
(HYP) after induction of acute and subchronic stress during condi-
tioned place preference paradigm. Upper panels are the representa-
tive immunoblots of proteins in this area. Botfom panels show the
mean p-CREB/CREB ratio calculated from densitometric quantifi-
cation of the corresponding bands from left to right, respectively.
Each point shows the mean + SEM for 3-4 rats.

** P<0.01, *** P<0.001 different from the saline-control group

T P<0.05, 71 P<0.01, {f1 P<0.001 different from the morphine-
control group
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Figure 3. Alteration of c-fos in the hypothalamus (HYP) after induc-
tion of acute and subchronic stress during conditioned place prefe-
rence paradigm. Upper panels are the representative immunoblots of
proteins in this area. Bottom panels show the mean c-fos calculated
from densitometric quantification of the corresponding bands from
left to right, respectively. Each point shows the mean + SEM for
3-4 rats.
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group
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Changes in p-ERK/ERK ratio, p-CREB/CREB ratio
and c-fos level in the hypothalamus after application
of acute and subchronic stress during conditioned
place preference procedure

To estimate the impress of acute and subchronic
stress on the alternations of p-ERK, p-CREB and c-fos
levels in the HYP of saline- or morphine-treated ani-
mals, the CPP paradigm was done and afterward the
changes in p-ERK/ERK ratio, p-CREB/CREB ratio
and c-fos level were measured by Western blot ana-
lysis. Two-way ANOVA followed by Bonferroni test
for p-ERK/ERK ratio [Stress effect: F(2,12)=240.5,
P<0.0001; Morphine treatment: F(1,12)=21.61,
P=0.0006; StressxMorphine treatment: F(2,12)=2.34,
P=0.1386; Fig. 1], p-CREB/CREB ratio [Stress ef-
fect: F(2,12)=519.3, P<0.0001; Morphine treatment:
F(1,12)=31.41, P=0.0002; StressxMorphine treatment:
F(2,12)=1.06, P=0.3768; Fig. 2] and c-fos [Stress ef-
fect: F(2,12)=137.8, P<0.0001; Morphine treatment:
F(1,12)=89.59, P<0.0001; StressxMorphine treatment:
F(2,12)=6.592, P=0.0117; Fig. 3] showed that all mea-
sured factors were increased significantly in saline- or
morphine-treated animals after application of acute and
subchronic stress in comparison with saline- or mor-
phine-control groups, respectively.

Changes in p-ERK/ERK ratio, p-CREB/CREB ratio
and c-fos level in the hippocampus after application of
acute and subchronic stress during conditioned place
preference procedure

We examined the effects of acute and subchronic
stress on the variation of p-ERK, p-CREB and c-fos le-
vels in the HIP by using Western blot analysis after per-
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place preference paradigm. Upper panels are the representative
immunoblots of proteins in this area. Bottom panels show the mean
p-ERK/ERK ratio calculated from densitometric quantification of
the corresponding bands from left to right, respectively. Each point
shows the mean + SEM for 3-4 rats.
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Figure 5. Alteration of p-CREB/CREB ratio in the hippocampus
(HIP) after induction of acute and subchronic stress during conditio-
ned place preference paradigm. Upper panels are the representative
immunoblots of proteins in this area. Bottom panels show the mean
p-CREB/CREB ratio calculated from densitometric quantification of
the corresponding bands from left to right, respectively. Each point
shows the mean + SEM for 3-4 rats.
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control group
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formance of the CPP procedure. Two-way ANOVA fol-
lowed by Bonferroni test for p-ERK/ERK ratio [Stress
effect: F(2,12)=41.45, P<0.0001; Morphine treatment:
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Figure 6. Alteration of c-fos in the hippocampus (HIP) after induc-
tion of acute and subchronic stress during conditioned place prefe-
rence paradigm. Upper panels are the representative immunoblots of
proteins in this area. Bottom panels show the mean c-fos calculated
from densitometric quantification of the corresponding bands from
left to right, respectively. Each point shows the mean + SEM for
3-4 rats.

** P<0.01, *** P<0.001 different from the saline-control group

+ P<0.05, +11P<0.001 different from the morphine-control group

F(1,12)=6.697, P=0.0237; StressxMorphine treatment:
F(2,12)=0.4764, P=0.6323; Fig. 4], p-CREB/CREB ra-
tio [Stress effect: F(2,12)=341.8, P<0.0001; Morphine
treatment: F(1,12)=31.97, P=0.0001; StressxMorphine
treatment: F(2,12)=7.196, P=0.0088; Fig. 5] and c-
fos [Stress effect: F(2,12)=1230, P<0.0001; Morphine
treatment: F(1,12)=221.5, P<0.0001; StressxMorphine
treatment: F(2,12)=28.06, P<0.0001; Fig. 6] revealed
that in saline- or morphine-treated animals p-ERK/ERK
ratio, p-CREB/CREB ratio and c-fos level were en-
hanced significantly. However, the increase of p-ERK/
ERK ratio in morphine-control group was not signifi-
cant as compare with saline-control group.

Discussion

The major finding in this study showed that acute
and subchronic stress enhanced the levels of p-ERK,
p-CREB and c-fos in the hypothalamus and hippocam-
pus of saline- or morphine-treated animals, also this in-
crease in morphine-treated animals was more notewor-
thy than saline-treated animals. In this study, to induce
stress we used forced swim stress because it has been
shown that forced swimming leads to adrenocortico-
trophic hormone and corticosterone release. Both hor-
mones increased significantly up to 40 min after stress
(24, 25, 26). In saline- or morphine- treated animals, p-
ERK/ERK ratio, p-CREB/CREB ratio and c-fos level
increased in compare with saline- or morphine-control
groups, respectively. However, the increscent of p-ERK/
ERK ratio in morphine-control group was not signifi-
cant as compare with saline-control group in the HIP.

Copyright © 2014. All rights reserved.

Several studies pointed that ERK activation occurs in
response to a variety of extracellular stimuli and forms
an essential pathway for cells to generate adaptive res-
ponses to changing environments (27). ERK phospho-
rylation triggers downstream activation of the trans-
cription factors CREB and enhanced the level of c-fos
protein (28, 29). Furthermore, assessment of c-fos level
is a widely used method to label neuronal activation
in the brain (30) because this protein is considered to
reflect neuronal activities due to its function in control-
ling gene transcription via binds to regulatory sites on
DNA (31). Substantial evidence indicated that ERK
pathway mediated the basic mechanism of morphine
reward in the nucleus accumbens, prefrontal cortex and
HIP of rats (17) and changes in the expression or acti-
vity of ERK and CREB are involved in the development
of behavioral sensitization and increased drug-taking
behavior (32). Besides, it was demonstrated that ERK
pathway participated in stress response and coped with
stressful stimuli (12, 19). In this study all cited factors
were increased in both regions except for p-ERK/ERK
ratio in morphine-control group in the HIP, but as re-
gards in this region downstream targets of p-ERK such
as p-CREB and c-fos were enhancement significantly,
it could suggest that the increase p-ERK/ERK ratio was
significant but it was returning to basal level when we
dissected out the tissue.

In saline-treated animals, application of acute and
subchronic stress induced the increase of p-ERK, p-
CREB and c-fos levels in both regions. It is noticeable
that there are challenging studies about effects of stress
on ERK/CREB pathway activation and both increase
and decrease of this pathway activation have been re-
ported. In agreement with our result, several studies
have shown that different kinds of stressors activated
ERK/CREB pathway in neural cells. Social defeat stress
increased c-fos expression in mesocorticolimbic termi-
nal regions such as the nucleus accumbens, amygdala
and prefrontal cortex, which persists up to 14 days after
stress termination (33), it also enhanced p-CREB in the
periaquaductal gray (34) and hyperactivation of ERK in
the HIP and prefrontal cortex (35). Forced swim stress
caused a significant increase in phosphorylation of ERK
and CREB in the nucleus accumbens, amygdala, stria-
tum and dentate gyrus of the HIP (34, 36). Besides,
footshock stress led to an elevation in p-CREB in the
amygdala, parietal cortex, paraventricular nucleus of
the HYP and HIP (34). In contrast, Grenli et al. (2006)
showed that chronic mild stress resulted in a signifi-
cant decrease in CREB activation in the dentate gyrus
but not in the cornus ammonis region as well as Mu-
sazzi et al. (2010) reported that chronic corticosterone
administration increased depressive-like behavior and
reduced phosphorylation of ERK in dentate gyrus (35,
37). Moreover, it was shown that sustained exposure to
stressful conditions, in experimental animals, was lin-
ked with elevated glucocorticoid levels and reduced
CREB expression in the HIP (38). Therefore, it could
be concluded that the effects of stress on the change
in the activation of ERK/CREB pathway depends on
several factors such as stress protocol, stress induction
period and brain areas studied, also application of acute
or subchronic swim stress causes the activation of this
pathway in the rat HYP and HIP.
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In other part of our study, we evaluated the effects
of acute and subchronic stress on the change in the
activation of ERK/CREB pathway in morphine-treated
animals. Our result revealed that p-ERK/ERK ratio, p-
CREB/CREB ratio and c-fos level increased significant-
ly in both areas. Notably, these factors enhanced signi-
ficantly in morphine-control group in comparison with
saline-control group. Previous studies showed that nico-
tine self-adminstration reduced CREB phosphorylation
in the nucleus accumbens (32) and receiving chronic
nicotine in drinking water resulted in the decrease of
CREB phosphorylation in the nucleus accumbens and
the increase of it in the prefrontal cortex (39). Addi-
tionally, acute nicotine administration subcutaneously
increased c-fos mRNA expression in the bed nucleus
of the stria terminalis, nucleus accumbens and ventral
tegmental area in adolescent rats (40, 41). Other inves-
tigations indicated that cocaine could enhance p-ERK
in dorsal striatum but did not alter the level of p-CREB
in this region (15). Mice lacking of CREB did not res-
pond to a low dose of morphine that is rewarding in
wild type mice in a conditioned place preference para-
digm (42). Moreover, acute cocaine injections rapidly
(within 5— 20 min) increased ERK phosphorylation in
the dorsal striatum and nucleus accumbens (28). It was
also observed that CREB and p-CREB protein levels
were significantly decreased in the medial and basola-
teral, but not in the central amygdala during nicotine
withdrawal (18 h) after chronic nicotine exposure (43).
Our result showed that the injection of morphine (5 mg/
kg, s.c.) induced the increase of p-ERK, p-CREB and
c-fos levels in the HYP and HIP. Therefore, it seems
that the effect of opioids on the change in ERK/CREB
pathway activation relates to various items including
the duration of drug receiving, route of administration
and dosage of the drug. Interestingly, the effect of acute
and subchronic stress on the activation of ERK/CREB
pathway in morphine-treated animals was more consi-
derable than that of saline-treated animals which repre-
sented morphine amplified the effects of stress on the
activation of this pathway. As mentioned above, forced
swim stress leads to the increase of corticosterone. In
addition, our results indicated that exposure animals to
forced swim stress increased p-ERK, p-CREB and c-fos
levels. So, it seems that exposure to forced swim stress
led to corticosterone release which, in turn, caused to
the increase of p-ERK, p-CREB and c-fos levels. On the
other hand, previous studies and also our result showed
that morphine increased mentioned factors in neural
cells. Therefore, it could mention that in morphine-
treated animals, concurrent exposure to morphine and
stress resulted in more enhancements of these factors
than saline-treated animals. Besides, behavioral data
showed that conditioning scores decreased in the saline-
treated animals after the application of subchronic stress
and in the morphine-treated animals after application
both acute and subchronic stress. Last studies clarified
that ERK/CREB pathway has an important role in the
memory formation and adaptive responses to environ-
mental changes (27). Therefore, it could be suggested
that the activation of ERK/CREB pathway leads to me-
mory formation and finally aversion to the compartment
which the animal was placed in after getting stress. Ne-
vertheless, there is evidence that showed chronic admi-

Copyright © 2014. All rights reserved.

nistration of heroin hampered mice cognitive abilities in
the Morris water maze, a test which is considered a very
useful tool to evaluate rodent spatial learning and me-
mory capabilities (44) and rat offspring from morphine-
addicted mothers showed impaired performance in spa-
tial working and cued reference memory (45). However,
duration of drug administration and used doses of drugs
in these studies were different form our study. On the
other hand, previous studies revealed that administra-
tion of morphine (5 mg/kg, s.c.) in CPP protocol led to
preference to place which animals received morphine
there (46). So, it seems that observed aversion in this
study did not relate to impair memory by morphine
and it likely related to ERK/CREB pathway activation.
However, further studies are needed to confirm this.
This finding can help to understand effects of stress or
addiction on the cellular signaling pathways and may be
helpful (accompany with future supplementary studies)
to find a new clinical approach for treatment of stress
or addiction. In conclusion, acute and subchronic stress
increase the activation of ERK/CREB pathway in the
hypothalamus and hippocampus of saline- and/or mor-
phine-treated animals, meanwhile morphine amplifies
the effect of stress on the enhancement of this pathway.
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