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ABSTRACT

Introduction: The adrenergic and opioidergic systems play a crucial role in regulating Keywords:
cognitive and non-cognitive behaviors. The aim of this study was to evaluate the effects of Morphine

CAL1 a2-adrenoceptors on the exploratory behaviors induced by morphine. Clonidine
Methods: This assessment was conducted in rats using the elevated plus-maze test based Yohimbine

on a test-retest paradigm. Bilateral guide cannulas were stereotaxically implanted in the Anxiety

CAL regions of rats to allow intra-CA1 a2-adrenoceptors agonist (clonidine) or antagonist Emotional memory

(yohimbine) microinjections.

Results: Pre-test administration of morphine (6 mg/kg) showed an anxiolytic-like response.
The extension of this effect during the retest session, 24h later, indicated impairment of
aversive memory. Pre-test microinjection of clonidine (4 pg/rat) induced anxiolytic-like
behavior on the test day in the absence or presence of a subthreshold dose of morphine (4
mg/kg) and increased avoidance to the open-arms during the retest session, but it was not
significant compared with control group. Pre-test microinjection of yohimbine (4 pg/rat)
induced an anxiogenic-like behavior on test day in the absence or presence of an effective
dose of morphine (6mg/kg) and increased avoidance to the open-arms during the retest
session. Concurrent microinjection of a subthreshold dose of yohimbine (1 pg/rat) with an
effective dose of clonidine or with an effective dose of clonidine plus a subthreshold dose of
morphine blocked anxiolytic-like behaviors, but did not change avoidance to the open-arms.
Conclusion: According to our findings, it appears that CAl a2-adrenoceptors affect
anxiolytic-like effects of morphine, but they do not appear to play a significant role in the
morphine-induced memory impairment.

Introduction trolled by hippocampal structures, namely CAl, CA2,

The regulation of various cognitive and non-cognitive and CA3 regions (Sierra-Fonseca, Parise et al. 2019,
functions, such as memory formation and anxiety-re- Tang, Pruitt et al. 2020). Although several studies have
lated behaviors, has been observed to be partially con- focused on the involvement of CA3 in anxiety-like
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behaviors (Zhong, Liu et al. 2019), other studies have
highlighted the significance of CA1 not only in learn-
ing and memory (Konen, Wright et al. 2020) but also in
anxiety-related behaviors (Ledo, Medeiros et al. 2016)
assessed by the elevated-plus maze (EPM) test (Berto-
glio, Joca et al. 2006, Beirami, Oryan et al. 2012).

Opioid peptides play a crucial role in various phys-
iological processes, such as anxiety-like responses,
learning and memory, pain sensitivity, locomotor ac-
tivity, and mood regulation, observed in humans and
animal models (Kibaly, Xu et al. 2019, Bodnar 2021).
Activation of three types of membrane G-protein cou-
pled opioid receptors, namely mu, delta, and kappa,
leads to the inhibition of the adenylyl cyclase enzyme
(Feng, He et al. 2012). Among these, mu opioid recep-
tors appear to be the main target site for morphine, a
widely recognized alkaloid opiate. It has been reported
that morphine-induced behaviors are abolished in mice
lacking the mu-opioid receptor gene (Reiss, Maduna et
al. 2022). Several studies have reported both negative
and positive effects of opioidergic system on learning
and memory in rodents. For instance, previous studies
have shown that opioidergic system enhances hippo-
campal synaptic plasticity (Miladi-Gorji, Rashidy-Pour
et al. 2014), while other research has found a decreased
long-term potentiation in the CAl following chronic
morphine administration (Salmanzadeh, Fathollahi et al.
2003, Heidari, Amini et al. 2013). These controversies
could may arise from variations in experimental tech-
niques, methods of drug delivery, and the quantities of
drug administered. Moreover, it has been reported that
peripheral or central injection of morphine reduces anx-
iety-like behaviors (Shin, Kim et al. 2003), whereas the
use of opioid receptor antagonists tends to increase these
behaviors (Montes, Da Silva et al. 2017).

The adrenergic system plays an essential role in hip-
pocampal functions. This system consists of brainstem
nuclei projecting to several brain regions, such as hip-
pocampus (Hagena, Hansen et al. 2016). Adrenergic ag-
onists exert their effects by interacting with two classes
of G-protein coupled receptors, namely B and a recep-
tors, which are extensively distributed in the nervous
system (Michel, Michel-Reher et al. 2020). Although
several reports have indicated that the adrenergic sys-
tem plays an important role in the consolidation of emo-
tional memory (Carlson, Hunker et al. 2021, Cheng,
Lin et al. 2021), however some studies have proposed

contrary findings to this notion (Murchison, Zhang et al.
2004, Bush, Caparosa et al. 2010). It is assumed that
the levels of noradrenaline in the synaptic cleft play an
important role in memory formation or impairment. It
has been reported that moderate to high levels of nor-
adrenaline activate the prefrontal cortex post-synaptic
02- and al (and possibly p2) adrenoceptors, which lead
to enhancement or impairment of memory, respective-
ly (Berridge and Arnsten 2015). Studies have provid-
ed evidence that the activation of a2-adrenoceptors by
clonidine or guanabenz elicits anxiolytic-like effects
in the vogel paradigm and social interaction tests in
rats (Wu, Wang et al. 2019, Smiatowska, Zigba et al.
2021). The hippocampal a2-adrenergic and mu-opioid
G-protein coupled receptors are abundant in the brain.
The involvement of these receptors in memory forma-
tion and anxiety-related behaviors is well-established.
However, the specific role of the CA1 in these behaviors
remains uncertain (Nguyen and Connor 2019, Shi, Fan
et al. 2020). Studies have demonstrated the involvement
of adrenergic (Mello-Carpes, de Vargas et al. 2016)
and opioidergic (Bodnar 2021) systems in anxiety and
memory processes. However, there is no available infor-
mation regarding the potential effect of the interaction
between CAl a2-adrenergic and mu-opioid receptors
on the regulation of these behaviors. Some studies have
revealed a close relevance between these systems in the
modulation of emotional memory, fear-related memory,
and spatial memory in other brain regions (Zhang, He et
al. 2008, Schneider, Simson et al. 2014). Based on the
above insights, the aim of this study was to investigate
the effects of CAl a2-adrenoceptors on morphine-in-
duced exploratory behaviors in the EPM test based on a
test-retest paradigm.

Materials and methods

Animals

Adult male Wistar rats, weighing 200-250 g, were
used in this study. The rats were housed under controlled
environmental conditions; humidity (60+£10%), tem-
perature (23£2°C), and 12 h light-dark cycle. They had
free access to water and a standard chow diet. Behavior-
al tests were performed between 9:00 and 15:00 h. Each
experimental or control group consisted of eight rats.

Drugs
The drugs utilized in the current study were xylazine
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2% and ketamine hydrochloride 10% (Alfasan Chemi-
cal Co, Woerden, Holland) for rat anesthesia, clonidine
hydrochloride, o2-adrenoceptors agonist, and yohim-
bine, a2-adrenoceptors antagonist (Sigma, Poole, UK)
for intra-hippocampal (CA1) microinjection, and mor-
phine, mu-opioid receptor agonist (Temad, Iran) for in-
traperitoneal (IP) administration. Morphine, clonidine,
and yohimbine were dissolved in sterile normal saline
0.9% immediately before injection.

Experimental design

In this study, rats were examined in the following
groups:

1) To assess the potential role of morphine in anxi-
ety-related behaviors, rats were treated with saline (1
ml/kg, IP) or different doses of morphine (4, 5, or 6 mg/
kg, IP). Following a 30 min interval, the rats underwent
the EPM test. Also, to evaluate the potential impacts of
morphine on aversive learning during the test session to
aversive memory in the retest session, rats were retested
in the EPM, 24 h later, without drug administration. It
should be noted that these groups received saline (1 pl/
rat, intra-CA 1) 5 min before the test session.

2) To investigate whether clonidine alone or accom-
panied by a subthreshold dose of morphine is involved
in anxiety-like behaviors, eight groups of rats received
saline (1 pl/rat, intra-CA1) or clonidine (1, 2, or 4 pg/
rat, intra-CA1) 5 min before the test session. In saline
(1 ml/kg, IP) or morphine- (4 mg/kg, IP) treated ani-
mals, administrations were given 30 min before the test
session. In addition, in order to investigate the extended
effects of clonidine, alone or accompanied by morphine,
on aversive learning during the test session to aversive
memory in the retest session, rats were retested in the
EPM, 24 h later, without drug administration.

3) In order to evaluate whether yohimbine plays a role
in anxiety-like behaviors alone or along with an effec-
tive dose of morphine, eight groups of rats received sa-
line (1 pl/rat, intra-CA1) or yohimbine (1, 2, or 4 pg/
rat, intra-CA1) 5 min before the test session. In animals
that received saline (1 ml/kg, IP) or morphine (6 mg/kg,
IP), the administrations were given 30 min before the
test session. Furthermore, to assess the impact of yohim-
bine, alone or along with morphine, on aversive learning
in the test session to aversive memory during the retest
session, rats were retested in the EPM, 24 h later, with-
out drug administration.

4) In order to assess whether the effect of clonidine or
clonidine along with morphine on anxiety-like behav-
iors is blocked by yohimbine, one group of rats received
a subthreshold dose of yohimbine (1 pg/rat, intra-CA1)
along with an effective dose of clonidine (4 pg/rat, in-
tra-CA1), while another group of rats received a sub-
threshold dose of yohimbine along with an effective
dose of clonidine plus a subthreshold dose of morphine,
5 min before the test session. In these experimental
groups, IP administration of saline or morphine was con-
ducted 30 min before the test session. The extension of
aversive learning in the test session to aversive memory
during the retest session was assessed in the EPM, 24
h later, without drug administration. It should be noted
that the selection of morphine, clonidine, or yohimbine
doses was based on previous research studies (Beirami,
Oryan et al. 2012, Valizadegan, Oryan et al. 2013).

Elevated plus-maze (EPM) apparatus

The EPM utilized in this study was made of plexi-
glas. It consisted of two open-arms (10x50 cm) and two
closed-arms (10x50%x40 cm), positioned in opposite di-
rections. The junction area of these arms was 10x10 cm.
The entire apparatus was set 50 cm above the floor. This
apparatus is one of the most reliable animal experiment
tools to evaluate anxiety-like behaviors as well as mech-
anisms possibly involved in the formation of aversive
memory and learning during the stages of acquisition,
consolidation, and retrieval steps (Ari, D’ Agostino et al.
2019). Some studies have used a test-retest protocol in
the EPM task (Gianlorenco, Canto-de-Souza et al. 2011,
Bourin 2015). In this protocol, animals’ natural tenden-
cy to avoid dangerous situations when exposed to open
and height spaces is utilized. Generally, animals acquire
information about dangerous and safe areas of the maze
on the test day. Conducting a repeated test after 24 h
(retest day) induces experience-dependent behavioral
alterations, possibly representing an index for memory
acquisition, consolidation, and retention. During retest,
reduced open arms exploration time translate to rodents’
emotional learning and memory (Gianlorenco, Can-
to-de-Souza et al. 2011). It is important to acknowledge
that having a good understanding of the fundamental
concepts related to the test-retest protocol in the EPM
is crucial. These concepts encompass: (i) Animals typ-
ically display avoidance to open-arms during the initial
test, with the time spent in open-arms ranging from 25-
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30%. Furthermore, during retest, animals tend to show
increased avoidance of open-arms, with the time spent
in open-arms typically decreasing to 10-15%. (ii) Drugs
with anxiolytic-like properties may reduce avoidance
behaviors in animals unfamiliar with the EPM, but
they may not have the same effect on animals with pri-
or experience with the EPM due to the occurrence of
the “one-trial tolerance” phenomenon. (iii) Some drugs
may increase open-arms exploration in the EPM test,
but if this effect is accompanied by an impairment in
the acquisition of further open-arms avoidance observed
in the retest, it indicates that the drug is not causing an
anxioselective effect.

Stereotaxic surgery and drug injection

Animals were anesthetized using a combination of
xylazine 2% (20 mg/kg) and 10% ketamine hydrochlo-
ride (80 mg/kg) administrated intraperitoneally. They
were then positioned in a stereotaxic frame, with the
coordinates for targeting the dorsal hippocampus (CA1)
obtained from the Paxinos and Watson atlas: AP = -3.2
mm, ML = +1.9 mm, and DV = 3.1 mm (Paxinos and
Watson 2009). Bilateral guide-cannulas were implanted
into the CA1 regions. Following the surgery, the animals
were returned to their cages for a recovery period of 5-7
days. Subsequently, rats received bilateral intra-CA1 in-
jections using a dental needle (27-gauge) attached to a
5 ul Hamilton syringe. Solutions (0.5 pl) were injected
into each side of the CA1 region over a period of 60 s.

General conditions and data collection

As mentioned previously, we employed the EPM
test-retest protocol to evaluate anxiety-like behaviors
and memory in rats. In order to familiarize the rats with
the experimental environment, they were allowed to ac-
climate to the testing room for 1 h before the test. Sub-
sequently, each rat was individually placed on the initial
part of the open arm, facing the center, and given a 5 min
to explore the maze. The time spent in the closed and
open arms, as well as the number of entries into these
arms, were recorded. An entry was considered valid
only when all four paws of the rat were within the arms.
Raw data collected were used to calculate two main pa-
rameters: the percentage of open arm entries (%OAE),
which represents the percentage of entries into the open
arms relative to the total number of entries into any
armx 100, and the percentage of time spent in the open

arms (%OAT), which indicates the percentage of time
each animal spent in the open arms relative to the total
time spent in any armx 100. Additionally, the sum of all
closed and open arms entries was considered as an index
for general locomotor activity.

Statistical analysis

Repeated measure ANOVA was applied to compare
differences between the groups. A paired 7-test was used
for inter-group comparisons of the test-retest results.
P<0.05 was considered statistically significant. Data
were reported as the mean + standard error of the mean
(SEM).

Results

The effect of pre-test morphine administration on rats’
exploratory behaviors

Figure 1 shows the effect of morphine on the explor-
atory behaviors of rats in the EPM. According to the re-
peated measure ANOVA analysis, morphine increased
%OAT (Figurel A) [session effect: F 5 = 20.378,
P<0.001, treatment effect: F(s, 0= 9.571, P<0.001, and
session-treatment interaction: Fy 5= 4202, P<0.05]
and %OAE (Figure 1B) [session effect: Fi 50=7199,
P<0.01, treatment effect: F@’ 0= 4901, P<0.01, and
session-treatment interaction: F(a, 0= 1.169, P>0.05],
but did not alter locomotor activity (Figure 1C) [session
effect: F(l’ 0= 2.89, P>0.05, treatment effect: F(z, 0=
0.840, P>0.05, and session-treatment interaction: F(& 20
= 1.401, P>0.05]. Indeed, morphine (6 mg/kg, IP) in-
duced anxiolytic-like behavior during the test session.
Unlike the saline control group, this effect was clearly
extended during the retest session. Actually, according
to our results morphine impaired aversive memory ac-

quisition during the retest session.

The effect of pre-test intra-CAI clonidine microinjec-
tion on rats’ exploratory behaviors in the absence or
presence of morphine

Figure 2 (left panel) shows the effect of clonidine on
the exploratory behaviors of rats subjected to the EPM.
Repeated measure ANOVA analysis showed that in-
tra-CA 1 microinjection of clonidine (4 pg/rat) increased
%OAT [session effect: F(1’20)= 133.37, P<0.001, treat-
ment effect: F(s’ 0" 16.570, P<0.001, and session-treat-
ment interaction: F , . =16.191, P<0.001] and %OAE

(3,20)

[session effect: F =4.01, P<0.05, treatment effect:

(1, 20)
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FIGURE 1. The eFFect of morphine on the exploratory behaviors in rats subjected to EPM. Rats were tested in the EPM 30 min after the
administration of saline (1 ml/kg, IP) or morphine (4, 5, or 6 mg/kg, IP). 24 h later, all groups were retested in the EPM, un-drugged. (A)
%open-arms time, (B) %open-arms entries, and (C) locomotor activity. Values are expressed as mean + SEM (n=8 in each group). *P<0.05
and **P<(0.01 different from saline group on test day, +P<0.05 and ++P<0.01 different from saline group on retest day, yP<0.05 different from

respective group on test day.

Fio= 3.550, P<0.05, and session-treatment interac-
tion: F 520 = 4.285, P<0.05], whereas did not change
locomotor activity [session effect: Fiw= 3.932,
P>0.05, treatment effect: F<3, 0= 1.768, P>0.05, and

session-treatment interaction: Fin= 3.24, P>0.05].
Indeed, clonidine (4 pg/rat) induced anxiolytic-like be-
havior on the test day, although this effect did not extend
into the retest session. Actually, this dose of the drug

showed an increased open-arms avoidance in rats re-ex-

posed to the EPM, although this difference was not sig-
nificant compared to the saline control group during the
retest day.

The effects of clonidine accompanied by a subthresh-
old dose of morphine (4 mg/kg) on the exploratory
behaviors of rats are shown in figure 2 (right panel).
According to the repeated measure ANOVA analysis,
intra-CA1 clonidine microinjection (4 pg/rat) accom-
panied by a subthreshold dose of morphine increased
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FIGURE 2. The effect of intra-CA1 clonidine microinjection on the exploratory behaviors in rats subjected to EPM in the absence or presence
of morphine. Animals which were treated with saline (1 ml/kg) or a subthreshold dose of morphine (4 mg/kg) received the microinjection of
saline (1 pl/rat) or clonidine (1, 2, or 4 pg/rat) and were tested in EPM, 5 min later. After 24 h, all groups were retested in the EPM, un-drugged.
(A) %open-arms time, (B) %open-arms entries, and (C) locomotor activity. Values are expressed as mean + SEM (n = 8 in each group). *P<0.05
and ***P<0.001 different from saline/saline group on test day. yP<0.05 and yyyP<0.001 different from respective group on test day. #P<0.05
and ##P<0.001 different from saline/morphine (4 mg/kg) group on test day.

%OAT [treatment effect: Fi= 4.0, P<0.05, session
effect: F(1‘20)= 66.67, P<0.001, and session-treatment in-
teraction: F 5 5= 14.655, P<0.001] and %OAE [session
effect: F(1’20)= 4.239, P<0.05, treatment effect: F<3, 0=

4,72, P<0.05, and session-treatment interaction: F(3 20

=4.185, P<0.05]. However, this intervention could not
alter locomotor activity [session effect: F, ) = 2.955,
P>0.05, treatment effect: F(s, 0= 3.21, P>0.05, and

= 0.446, P>0.05].

session-treatment interaction: F,
Actually, our results indicated that the microinjection of
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FIGURE 3. The effect of intra-CA1 yohimbine microinjection on the exploratory behaviors in rats subjected to EPM in the absence or presence
of morphine. Animals which were treated with saline (1 ml/kg) or an effective dose of morphine (6 mg/kg) received the microinjection of saline
(1 ul/rat) or yohimbine (1, 2, or 4 pg/rat) and were tested in the EPM, 5 min later. After 24 h, all groups were retested in the EPM, un-drugged.
(A) %open-arms time, (B) %open-arms entries, and (C) locomotor activity. Values are expressed as mean + SEM (n=8 in each group). *P<0.05
different from saline/saline group on test day. +P<0.05 different from saline/saline group on retest day. yP<0.05 and yyP<0.01 different from
respective group on test day. #P<0.05 different from saline/morphine (6 mg/kg) group on test day.

the effective dose of clonidine (4 pg/rat) accompanied
by a subthreshold dose of morphine (4 mg/kg) signifi-
cantly increased %OAT during the test day, indicating
a synergistic effect of clonidine and morphine on anxi-
olytic-like behavior. Furthermore, the administration of

these doses of the drugs resulted in increased open-arm
avoidance (reduced %OAT) in EPM-experienced rats
during the retest session, although this difference was
not significant compared to the saline control group.
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FIGURE 4. The effect of intra-CA1 yohimbine microinjection on the exploratory-like behaviors induced by ‘clonidine’ or ‘clonidine plus
morphine’. Animals which were treated with saline (1 pl/rat) or a subthreshold dose of yohimbine (1 pg/rat) in the absence or presence of a
subthreshold dose of morphine (4 mg/kg), received the microinjection of saline (1 pl/rat) or an effective dose of clonidine (4 pg/rat) and were
tested in the EPM, 5 min later. After 24 h, all groups were retested in the EPM, un-drugged. (A) %open-arms time, (B) %open-arms entries, and
(C) locomotor activity. Values are expressed as mean + SEM (n=8 in each group). “P<0.01 and " P<0.001 different from saline/saline group
on test day. ¥P<0.05 and ¥¥¥P<0.001 different from respective group on test day. #P<0.05 and #P<0.01 different from saline/clonidine group on
test day. $P<0.05 different from morphine/clonidine group on test day.

The effect of pre-test intra-CAIl yohimbine microin- iors of rats exposed to the EPM is depicted in figure 3
Jjection on rats’ exploratory behaviors in the absence or ~ (left panel). Based on repeated measure ANOVA anal-
presence of morphine ysis, intra-CA1 microinjection of yohimbine (4 ug/

The effect of yohimbine on the exploratory behav- rat) decreased %OAT [session effect: F = 47.56,

(1, 20)
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P<0.001, treatment effect: Fion= 10.04, P<0.001, and
session-treatment interaction: Fi 2= 2.735, P>0.05]
and %OAE [session effect: F(1’20)= 5.023, P<0.05, treat-
=5.09, P<0.05, and session-treatment

interaction: F, ), = 4.34, P<0.05] , while not affecting
locomotor activity [session effect: F(L 0= 0.39, P>0.05,
=2.66, P>0.05, and session-treat-

ment interaction: F(3, 0= 0.13, P>0.05]. In fact, yohim-
bine (4 pg/rat) induced anxiogenic-like behavior on the

ment effect: F(s, 20

treatment effect: F (3.20)

test day, and this effect was also observed during the
retest session, suggesting increased aversive memory
acquisition compared to the saline control group.

The effects of yohimbine accompanied by an effec-
tive dose of morphine (6 mg/kg) on the EPM explor-
atory behaviors are represented in figure 3 (right pan-
el). Repeated measure ANOVA analysis indicated that
intra-CA1 microinjection of yohimbine (4 pg/rat) ac-
companied by an effective dose of morphine decreased

%OAT [session effect: F(l,z()): 4223, P<0.05, treatment

effect: F(3’ 0= 4.1, P<0.05, and session-treatment in-
teraction: F3 5= 4191, P<0.05] and %OAE [session
effect: F = 5.035, P<0.05, treatment effect: F<3, 0=

(1, 20)
4.421, P<0.05, and session-treatment interaction: F(3 0

= 5.1, P<0.05], while did not alter locomotor activity
= 1.188, P>0.05, treatment effect:
F(3, 0= 0.418, P>0.05, and session-treatment interac-
tion: Fy 5= 0.195, P>0.05]. Our results showed that
the microinjection of yohimbine (4 pg/rat) accompanied

[session effect: F

by an effective dose of morphine (6 mg/kg) decreased
%OAT during the test day, suggesting anxiogenic-like
behavior. However, there was no significant difference
compared with the saline/morphine control group in
aversive memory acquisition during the retest day.

The effect of intra-CA1l yohimbine microinjection
on rats’ exploratory behaviors induced by clonidine or
clonidine accompanied by morphine

The effect of yohimbine on exploratory behaviors in-
duced by either ‘clonidine’ or ‘clonidine in combination
with morphine’ in rats subjected to the EPM is repre-
sented in figure 4. Our analysis revealed that intra-CA
yohimbine microinjection (1 pg/rat) modulates the in-
creased %OAT [F ,, = 29.73, p<0.001] and %OAE
[Fs 1= 443, p<0.05], which had already been induced
by ‘clonidine’ or co-administration of ‘clonidine plus
morphine’ during the test day. However, it was unable
to alter locomotor activity [F = 1.01, p>0.05]. In-

G4
deed, the inhibition of a2-adrenoceptors by yohimbine

suppressed clonidine or clonidine accompanied by
morphine-induced anxiolytic-like behaviors. However,
there was no alteration in aversive memory acquisition
during the retest day compared with control group.

Discussion

Our findings indicated that the administration of
mu-opioid receptors agonist, morphine (6 mg/kg), in-
duced anxiolytic-like response during the test day and
impaired aversive memory acquisition during the retest
session in the EPM. None of the applied doses of mor-
phine altered locomotor activity in the test and retest
sessions. In support of our results, it has been reported
that peripheral (Beirami, Oryan et al. 2012, Rezayof,
Assadpour et al. 2013) or bilateral intra-CA1 (Ashabi,
Oryan et al. 2011) administration of morphine induces
anxiolytic-like behaviors. Also, studies have shown that
peripheral (Farahmandfar, Kadivar et al. 2015, Liu, Li et
al. 2018) and intra-septal (Li, Wei et al. 2022) injection
of morphine impairs learning and memory, but nalox-
one, an opioid antagonist, potentiates learning and mem-
ory (Khalifeh, Khodamoradi et al. 2019). It seems that
the route of morphine administration and the doses em-
ployed are the critical factors that determine the effect of
morphine on learning and memory. For instance, stud-
ies have found that oral morphine dependence increases
long-term potentiation (LTP) in CAl (Farahmandfar,
Karimian et al. 2011) and enhances hippocampal syn-
aptic plasticity (Porto, Milanesi et al. 2015). Our results
also indicated that intra-CA1 injection of clonidine (4
ug/rat), a2-adrenoceptor agonist, induced an anxiolyt-
ic-like response. However, this effect did not extend into
the retest session. These findings support the acquired
avoidance of open-arm exploration. Furthermore, the
administration of an effective dose of clonidine along
with a subthreshold dose of morphine, which alone did
not cause any significant response, induced a synergis-
tic effect on anxiolytic-like behavior. This combination
also potentiated avoidance of the open-arms during the
retest session, although it was not significant compared
with the control group. One potential explanation could
be that the CA1 o2-adrenergic system might play a role
in facilitating the anxiolytic effects of morphine. It has
been reported that systemic administration of beta-en-
dorphins or morphine can inhibit the release of noradren-
aline in the cerebral cortex and induce an anxiolytic-like
response (Jain, Mishra et al. 2019). It has also been indi-
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cated that the activation of B2-adrenoceptors, which are
bound to the inhibitory G-protein, may lead to a decrease
in the neurotransmission effect of the adrenergic system
in the brain (Stemmelin, Cohen et al. 2008). Therefore,
reduction in the noradrenaline release due to morphine
administration and activation of inhibitory G-protein by
the B2-adrenergic receptors agonist may synergistical-
ly reduce anxiety compared with when these drugs are
administered alone. This hypothesis is consistent with
the finding that co-administration of B2-adrenoceptor
agonist and morphine significantly increases behavior-
al responses and motor activity (Stemmelin, Cohen et
al. 2008). In agreement with our retest session findings,
it has been demonstrated that anxiolytic-like behaviors
caused by some drugs such as benzodiazepines, barbi-
turates, ethanol, and MK801 do not extend into the re-
test session (particularly in rodents that were previously
subjected to the EPM during the test day, without the
administration of any drugs) (Carobrez, Bertoglio et al.
2005, Stern, Do Monte et al. 2010). The term ‘one-trial
tolerance’ is utilized to describe this particular phenom-
enon. Some proposed hypotheses have explained this
phenomenon, one hypothesis can be the retrieval of an
aversive learning which is acquired on test day when
animals are placed in the EPM as a dangerous environ-
ment (Vargas, Da Cunha et al. 2006). In agreement with
this, it has been documented that the inactivation of the
basolateral amygdala (immediately after the test), dor-
sal hippocampus (prior to the test), and hypothalamus
(prior to the retest) through the utilization of lidocaine,
results in a sustained exploratory-like behavior induced
by benzodiazepines on retest day (Bertoglio, Anzini et
al. 2005). These findings indicate the involvement of
hippocampus, amygdala, and hypothalamus in the pro-
cesses of acquisition, consolidation, and retrieval steps
of aversive learning and memory formation, respective-
ly (Uematsu, Kitamura et al. 2015).

Furthermore, our findings demonstrated that intra-CA1
microinjection of yohimbine, o2-adrenoceptors antago-
nist, increased avoidance to the open-arms during the
test session, suggesting the potentiation of associative
‘emotional’ learning plus an anxiogenic-like response in
the EPM, which persisted into the retest session. This
also confirms the potentiation of the avoidance to the
open-arms exploration. Moreover, the administration
of an effective dose of yohimbine along with morphine
resulted in an anxiogenic-like response but did not af-

fect the avoidance of open-arms compared with control
group during the retest day. Based on this, blockade of
a2-adrenoceptors altered the anxiolytic-like behavior in-
duced by morphine, but there was no impact on emotion-
al memory. Our final findings indicated that intra-CA1
microinjection of a subthreshold dose of yohimbine af-
fected the anxiolytic-like responses caused by clonidine
alone and in combination with morphine. However, this
intervention did not change avoidance to the open-arms
compared with control groups during the retest session.
In fact, it appears that there is no interaction between
CA1 o2-adrenoceptors and mu-opioid receptors in the
formation of emotional memory in the test-retest EPM
protocol. The release of noradrenaline and adrenaline in
various brain regions, such as amygdala, neocortex, and
hippocampus, suggests the involvement of the adrener-
gic system in hippocampal functions, namely learning
and memory (Roozendaal and Hermans 2017). The ad-
renergic system appears to have a crucial function in the
consolidation of memories associated with emotional
events (Roozendaal and Hermans 2017), and this is the
aspect that is investigated in the EPM apparatus. More-
over, it has been indicated that noradrenergic system
plays a role in the acquisition and consolidation of mem-
ory performance in various stress-related tasks (Mc-
Gaugh 2004). Additionally, studies have found that us-
ing adrenergic agonists can enhance memory in animal
models that have memory impairments. For instance, it
has been indicated that pre-test intra-CA1 clonidine in-
jection reverses memory deficits induced by post-train-
ing injection of scopolamine (Azami, Piri et al. 2010).
In contrast to al-adrenoceptors, which are only found
in the post-synaptic membrane, a2-adrenoceptors are
abundantly present both pre- and post-synaptically in
the hippocampal formation. Thus, the effect of clonidine
could potentially be facilitated via post- or pre-synaptic
a2-adrenoceptor locations. The stimulation of pre-syn-
aptic a2-adrenoceptors, located on non-adrenergic and
adrenergic cells, reduces the release of norepinephrine,
glutamate, and acetylcholine in the target regions. How-
ever, the activation of post-synaptic o2-adrenoceptors
mimics the effect of norepinephrine (Peng, Li et al.
2018). In this study, we observed that intra-CA1 yohim-
bine induced anxiogenic-like behaviors, but it did not
affect the avoidance of open-arm exploration. Based on
these findings, it can be suggested that CA1 adrenergic
system is essential for regulating anxiety-like responses,
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but it does not impact emotional memory function under
normal circumstances. However, a previous study has
shown that both clonidine and yohimbine-induced acti-
vation or deactivation of CA1 a2-adrenoceptors, respec-
tively, do not alter inhibitory avoidance memory (Aza-
mi, Piri et al. 2010). Furthermore, some reports have
revealed that yohimbine impairs working memory, and
that memory impairments can be reversed through the
administration of a2-adrenoceptor agonists (Clark and
Noudoost 2014). It appears that this controversy arises
from the use of different test tools and protocols (EPM
vs. passive avoidance task, for instance).

Although the regulatory function of a2-adrenergic re-
ceptors in anxiety-like behaviors has been thoroughly
elucidated, there are several controversial reports on the
involvement of a2-adenoceptors system in the regula-
tion of anxiety-like responses. For instance, it has been
shown that a2-adrenoceptors deactivation induces anx-
iolytic-like behaviors in Vogel lick-shock conflict and
light-dark tasks in rodents but did not change anxiety-re-
lated responses in the EPM test (Pytka, Podkowa et al.
2016). Furthermore, according to other studies, the ac-
tivation of a2-adrenoceptors induces anxiolytic-like re-
sponses in various tests, such as EPM, Vogel paradigm,
and social interaction tests in rats (Torkaman-Boutorabi,
Sheidadoust et al. 2015, Bashiri, Rezayof et al. 2016).
These controversies can be partially attributed to the
alterations in the pre- and postsynaptic a2-adrenergic
receptors’ equilibrium (Millan 2003). It has been report-
ed that both a2-adrenergic and opioid receptors possess
a suppressive effect on the release of neurotransmit-
ters from nerve terminals (Torkaman-Boutorabi, Shei-
dadoust et al. 2015). These trans-membrane receptors
are generally coupled with heterotrimeric G-proteins
which in turn have strong interactions with each other.
For example, the activation or deactivation of o2-adre-
noceptor pathways results in the inhibition or excitation
of opioid receptor pathways, respectively (Karunanithi
and Lavidis 2001). This phenomenon is clearly ob-
served in the neuroadaptive changes following chron-
ic treatment with these drugs (Zhang, Wu et al. 2016).
After all, the precise mechanism(s) of the interactions
between opioid and a2-adrenergic pathways is (are) not
yet fully clear. Some studies have indicated that the ant-
inociceptive effects induced by clonidine necessitate the
involvement of opioid receptors (Chabot-Doré, Schus-
ter et al. 2015), while the antinociceptive effects induced

by dexmedetomidine, a2 receptor agonist, are blocked
by naloxone (Uskur, Barlas et al. 2016).

Conclusion

In summary, our investigation revealed that: 1) the ac-
tivation of mu-opioid receptors induces anxiolytic-like
behavior and impairs emotional memory. 2) The acti-
vation and deactivation of a2-adrenoceptors, in the ab-
sence or presence of morphine, induce anxiolytic- and
anxiogenic-like behaviors, respectively. However, these
interventions in the CA1 do not affect emotional mem-
ory. 3) There is no interaction between CA1 a2-adreno-
ceptors and mu-opioid receptors in the process of emo-
tional memory formation.
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