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Research Paper: Cross State-dependent Learning Inter-
action Between Scopolamine and Morphine in Mice: The 
Role of Dorsal Hippocampus 

Introduction: The current study aimed at investigating the existence of the cross state-dependent 
learning between morphine and scopolamine (SCO) in mice by passive avoidance method, 
pointing to the role of CA1 area. 

Methods: The effects of pre-training SCO (0.75, 1.5, and 3 μg, Intra-CA1), or morphine (1, 3, 
and 6 mg/kg, intraperitoneal (i.p.) was evaluated on the retrieval of passive avoidance learning 
using step-down task in mice (n=10). Then, the effect of pretest administration of morphine 
(1.5, 3, and 6 mg/kg, i.p.) was examined on passive avoidance retrieval impairment induced 
by pre-training SCO (3 μg/mice, Intra-CA1). Next, the effect of pretest Intra-CA1 injection of 
scopolamine (0.75, 1.5, and 3 μg/mice) was evaluated on morphine (6 mg/kg, i.p.) pre-training 
deficits in this task in mice.

Results: The pre-training Intra-CA1 injection of scopolamine (1.5 and 3 μg/mouse), or morphine 
(3 and 6 mg/kg, i.p.) impaired the avoidance memory retrieval when it was tested 24 hours later. 
Pretest injection of both drugs improved its pre-training  impairing effects on mice memory. 
Moreover, the amnesia induced by the pre-training injections of scopolamine (3 μg/mice) was 
restored significantly (P<0.01) by pretest injections of morphine (3 and 6 mg/kg, i.p.). Similarly, 
pretest injection of scopolamine (3 μg/mice) restored amnesia induced by the pre-training injections 
of morphine (6 mg/kg, i.p.), significantly (P<0.01). 

Conclusion: The current study findings indicated a cross state-dependent learning between 
SCO and morphine at CA1 level. Therefore, it seems that muscarinic and opioid receptors may 
act reciprocally on modulation of passive avoidance memory retrieval, at the level of dorsal 
hippocampus, in mice.
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1. Introduction

rug-induced state-dependent learning 
and memory is defined as experiences in 

which an animal learns skills or relationships between 
different stimuli under the influence of a psychoactive 
drug. Memories, stored under drugs influence, are more 
likely to be performed, recalled, or retrieved under the D
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influence of the same or similar drugs than no or dis-
similar drugs (Young, 2014). But, cross state-dependent 
learning is defined as a situation in which administration 
of a drug at pretesting periods can restore the amnesia 
induced by other dissimilar drugs administrated during 
pre/post-training period and vice versa (Jamali-Raeufy, 
Nasehi, Ebrahimi-ghiri, & Zarrindast, 2011). 

	Scopolamine (SCO) is a cholinergic antagonist that 
blocks most types of muscarinic receptors and induces 
amnesia via dysregulation of cholinergic system activity 
(Piri, Rostampour, Nasehi, & Zarrindast, 2013). Scopol-
amine is also used by scientists to induce memory failure 
in a variety of learning and memory models, especially 
in step-down passive avoidance memory in human and 
mice (Duka, Edelmann, Schutt, Dorow, & Fichte, 1992; 
Lo et al., 2014). Its effect on the learning, acquisition, 
and short-term retention of spatial memory tasks is also 
evaluated (Klinkenberg & Blokland, 2010). It is pro-
posed that SCO memory impairing effect is mediated via 
encoding disruption in both CA3 and CA1 sub-regions 
of the hippocampus (Antonova et al., 2011). Its state-
dependent memory effect in human and some laboratory 
animals was also reported previously (Ghorbanalizadeh 
et al., 2008; Petersen, 1979). Central effects of sco-
polamine show reversible properties and some neuro-
modulatory compounds. For example, galantamine can 
improve its amnesic effect on memory function (Ramak-
rishnan, Amatya, DeSaer, Dalhoff, & Eggerichs, 2014). 

	Impairment in passive avoidance memory can be also 
induced by both pre-training and/or pretest administration 
of morphine (Zarrindast, Ardjmand, Rezayof, & Ahma-
di, 2013). This impairment is reversed by the mu–opioid 
receptor antagonist naloxone, indicating that mu-opioid 
receptor plays a role in state-dependent learning of mor-
phine (Jafari-Sabet & Jannat-Dastjerdi, 2009). Patti et al. 
(2005) denoted that such deficits did not result from other 
Central Nervous System (CNS) side effects of morphine 
such as change in anxiety levels or locomotor activity. 

	On the other hand, an interaction was observed be-
tween SCO and morphine effects on different learning 
and memory tasks such as conditioned place preference 
in rats (Zhai et al., 2008). The study on genetically ma-
nipulated mice showed that muscarinic receptors play 
important roles in many behavioral effects of morphine 
(Carrigan & Dykstra, 2007). Moreover, administration 
of SCO can inhibit parts of morphine withdrawal signs in 
morphine-dependent rats (Xiang et al., 2006). Although 
the role of SCO in modulation of stimulation of brain re-
ward system impairment via hippocampus in self-stimu-
lation behavior was less consistent (Vega-Flores, Gruart, 

& Delgado-García, 2014), it was shown that it can in-
duce recovery in an inhibitory avoidance response after 
its extinction in rats (Roldán, Cobos-Zapiain, Quirarte, 
& Prado-Alcalá, 2001). 

	The dorsal pole of the hippocampus in rodents is 
known as functional equivalent to the human posterior 
hippocampus (Fanselow & Dong, 2010). Further, due 
to its central role in inhibitory avoidance tasks, scientist 
used direct itra-CA1injection of different compounds in 
rodents to evaluate different neurotransmitters and their 
effects upon learning and memory functions (Mahmoodi, 
Ahmadi, pourmotabbed, Oryan, & Zarrindast, 2010; 
Zarrindast, Ownegh, Rezayof, & Ownegh, 2014). In 
this regard, the manipulation of M1 muscarinic receptors 
on CA1 pyramidal cells proved the participation of dor-
sal hippocampus muscarinic receptors on learning and 
memory functions (Leung and Peloquin, 2009). Other 
researchers also showed the implication of a dorsal hip-
pocampal μ-opioid receptor mechanism in state-depen-
dent memory (Jafari-Sabet & Jannat-Dastjerdi, 2009; 
Zarrindast, Fazli-Tabaei, Ahmadi, & Yahyavi, 2006a). 
Moreover, the results of other studies indicate that cholin-
ergic system in this area has critical function in mediating 
the cross state-dependency of learning and memory (Ali-
janpour and Rezayof, 2013). Muscarinic receptors have 
strong modulatory effect on inhibitory synaptic rhythms 
in hippocampus (Alger, Nagode, & Tang, 2014). Finally, 
the regulatory role of opioid receptor on muscarinic re-
ceptor-mediated synaptic responses in rat hippocampus 
was reported (Kearns, Morton, Bulters, & Davies, 2001). 

	Step-down passive avoidance model in rodents is known 
as a reliable method for pharmacological evaluation of 
memory and memory-related phenomena such as Long-
Term Potentiation (LTP) in CA1 (Whitlock, 2006). The 
step-down passive avoidance memory in animals relies 
heavily on the dorsal hippocampus activity (Jafari-Sabet, 
2011). Therefore, this method is routinely selected to 
evaluate hippocampal related state-dependent learning in 
rodents. The current study aimed at identifying the exis-
tence of cross state-dependency of learning between SCO 
and morphine in step-down type passive avoidance task in 
mice, considering the role of dorsal hippocampus.

2. Methods

2.1. Animals and housing conditions

	Adult male mice (NMRI species), weighing 20 to 25 g at 
the time of surgery (Shahed University, Tehran, Iran) were 
used in the current study. Access to food and water was un-
restricted and each 4 animals were housed in a cage. Mice 
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were housed in an animal facility maintained at 22±2ºC 
and 55%±5% relative humidity under a 12:12 hour light/
dark cycle with lights on at 7:00 AM. Ten animals were 
used in each experimental group. Each animal was used 
once only. All procedures were performed in accordance 
with the institutional guidelines for animal care and use.

2.2. Drugs

	Morphine sulfate was purchased from Temad (Tehran, 
Iran) and was used intraperitoneally (i.p.). Scopolamine 
hydrochloride and naloxone hydrochloride were purchased 
from Sigma (St. Louis, MO, USA). Scopolamine hydro-
bromide was dissolved in sterile saline and injected into 
CA1 of dorsal hippocampus in a volume of 0.5 μL/site.

2.3. Surgery

	Mice were anesthetized with a ketamine (50 mg/kg, 
i.p.)+xylazine (5 mg/kg, i.p.) mixture. Stereotaxic sur-
gery was performed in a standard rodent stereotaxic pro-
cedure. Stainless steel guide cannulae (22-gauge) were 
bilaterally implanted in the CA1 region according to the 
rat brain atlas of Paxinos and Watson (Paxinos & Frank-
lin, 2001). Guide cannula insertion positions were deter-
mined as follows: AP: –2mm from bregma, L: ±1.6 from 
the sagittal suture, and V: –1.5 mm from the skull sur-
face. The guide cannulae were fixed to the skull by stain-
less steel skull screws and dental acrylic. Stainless steel 
stylets (27-gauge; outer diameter: 0.4 mm) were inserted 
into the guide cannulae to keep them free of debris. All 
animals were allowed to recover from surgery and clear 
anesthetic effects for 1 week. 

2.4. Intra-CA1 injection

	During the Intra-CA1 injection, the animals were re-
strained manually. A 27-gauge injection needle (1 mm 
below the tip of the guide cannulae) was inserted into 
the guide cannula. Drugs were delivered manually with 
a 2.5 μL Hamilton microsyringe attached to the injec-
tion cannula via polyethylene tubing (PE-10). The total 
injection volume was 1 µL per mouse (0.5 µL in each 
side) over a 60-second period. The injection needle was 
not removed for an additional 60 seconds to facilitate the 
diffusion of the drugs (Houghoghi, Rezayof, Zyaian, & 
Zarrindast, 2009). 

2.5. Verifying cannula placement

	The mice were anesthetized after the testing sessions and 
0.5 μL/site of a 4% methylene-blue solution was infused 
into the CA1. Mice brains were removed after decapitation, 

and placed in 10% formaldehyde. Then, according to Paxi-
nos and Watson, the selected CA1 areas were sliced and the 
sites of injections were verified (Paxinos & Franklin, 2001).

2.6. Passive avoidance apparatus	

	Behavioral procedures started 5 to 7 days after the sur-
gery. The apparatus was a wooden box (30×30×40 cm 
high) and its bottom made of a series of parallel stain-
less steel bars (0.3 cm diameter spaced 1 cm apart). A 
wooden platform (4×4×4 cm) was located on the center 
of the grid floor. The animals were placed on the plat-
form and their latency to step down the grid with 4 paws 
was measured during the training session. When the 
animals stepped down, electric shocks (1 Hz, 0.5 s, 45 
V DC) were given continuously for 15 seconds. Animals 
spending more than 20 seconds on the platform or the 
ones that stepped up the platform before 15 seconds of 
electric shocks were eliminated from the experiments. 
Retention test (24 hours after training) was similar to 
training, but no shock was given to the animals. Latency 
to step-down was recorded and taken as a measure of 
memory retention. The upper cut off time was 180 sec-
onds (Rezayof, Amini, Rassouli, & Zarrindast, 2006; 
Zarrindast and Rezayof, 2004). The retention test was 
performed between 8:00 AM and 2:00 PM.

2.7. Drug treatment

Each experimental group contained 10 mice. In the ex-
perimental group, each animal received 2 injections. All 
control groups received 2 injections of saline. 

2.7.1. Evaluation of passive avoidance memory 
retrieval following pre-training and pretest (Intra-
CA1) administration of scopolamine 

	In the current experiment, 4 groups (10 mice per group) 
of mice were examined. Control animals received 1 μL/
mouse saline solution, whereas other groups were pre-
treated with scopolamine (0.75, 1.5, and 3 μg/mouse, 
Intra-CA1) 5 minutes before training. On the retrieval 
testing day, the control mice received saline solution (1 
μL/mouse) 5 minutes prior to testing. Three other groups 
received the same doses of scopolamine (0.75, 1.5, and 3 
μg/mouse, Intra-CA1) 5 minutes before testing. 

2.7.2. Evaluation of passive avoidance memory 
retrieval following pre-training and pretest intra-
peritoneally administration of morphine 

	In this part of the experiment, 40 mice were divided into 
the following groups: Control group: mice received only 
vehicles (1 mL/kg); morphine treated groups received 
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different doses (1, 3, and 5 mg/kg, i.p.) of morphine 30 
minutes before training. On the test day, control mice re-
ceived saline (1 mL/kg) 30 minutes prior to testing. But, 
other groups received different doses of morphine (1, 3, 
and 5 mg/kg, i.p.) 30 minutes before testing.

2.7.3. Assessment of pretest intraperitoneally mor-
phine injection on memory retrieval impairment 
induced by Intra-CA1 injection of scopolamine

In this part, mice were divided into 2 control group that 
received saline (1 mL/mouse, Intra-CA1) before training, 
and saline (1 μL/mouse, Intra-CA1) 5 minutes before 
testing, and 3 treatment groups that received pretest mor-
phine (1.5, 3, and 6 mg/kg, i.p.) 5 minutes before testing 
and pre-training scopolamine (3 μg/mouse, Intra-CA1).

2.7.4. Assessment of pretest (Intra-CA1) adminis-
tration of scopolamine on morphine induced pas-
sive avoidance retrieval impairment

The mice were divided into the following groups: con-
trols that received saline (1 μL/mouse, Intra-CA1) be-
fore training and after 24 hours of testing; control mice 
received saline (1 μL/mouse, Intra-CA1) 5 minutes be-
fore the onset of testing. Another 3 groups of animals 
received morphine (1, 3, and 6 mg/kg, i.p.) pre-training 
and 24 hours after training, they received saline (1 μL/
mouse, Intra-CA1) or scopolamine (3 μg/mouse, Intra-
CA1) 5 minutes before the onset of testing. 

2.8. Data analysis

	Data (Step-down latencies) are expressed as mean and 
interquartile ranges. Large individual variations were ob-
served in the step-down latency time. Data were analyzed 
with the Kruskal–Wallis nonparametric one-way analysis 
of variance (ANOVA). Comparisons between the paired 
groups were performed using the nonparametric Mann–
Whitney U-test. For all statistical tests, P<0.05 was sta-
tistically significant.

3. Results

	3.1. Effects of pretest Intra-CA1 administration of 
SCO in mice pre-trained under SCO 

	Pre-training administration of different doses of SCO 
(0.75, 1.5, and 3 mg/mice, Intra-CA1) altered the memory 
retrieval significantly (the Kruskal–Wallis, non-paramet-
ric ANOVA, H (2)=27.18, P<0.01) on the test day, com-
pared with that of saline-treated animals (Figure 1, left 
panel). In the present experiments, memory retrieval sig-
nificantly (P<0.05) impaired after the 2 doses of SCO (1.5 

and 3 μg/mouse, Intra-CA1) on the test day; although, 
there was no significant effect of 0.75 μg/mouse SCO 
on memory retrieval (Figure 1, left panel). The greatest 
effect was observed at 3 μg/mouse Intra-CA1 of SCO. 
Administration of SCO (3 μg/mouse, Intra-CA1) prior to 
training impaired memory retrieval on the test day (Fig-
ure 1, right panel), but pretest administered SCO (1.5 and 
3 μg/mouse, Intra-CA1) restored it (SCO state-dependent 
memory) in mice (the Kruskal–Wallis non-parametric 
ANOVA, H (2)=21.99, P<0.001) (Figure 1, right panel).

	3.2. Effect of pretest intraperitoneal injection of 
morphine in mice pre-trained under morphine

	Morphine (1.5, 3, and 6 mg/kg, i.p.) administration 
prior to the test impaired the memory retrieval in mice 
pre-trained under morphine, compared with saline-
treated animals (Figure 2, right panel). Nevertheless, the 
high doses of morphine (3 and 6 mg/kg, i.p.) induced 
significant impairment in memory retrieval on the test 
day (the Kruskal–Wallis non-parametric ANOVA, H 
(2)=18.98, P<0.01), the low dose of morphine (1.5 mg/
kg, i.p.) had no significant effect on memory retrieval. 
The maximum response was obtained with 6 mg/kg of 
drug. Pre-training administration of morphine (6 mg/Kg, 
i.p.) impaired memory retrieval on the test day (Figure 

Figure 1. The effects of pre-training and pretest administra-
tion of scopolamine on memory retrieval.
 Different doses of scopolamine (0.75, 1.5, and 3 μg/mouse) 
and saline (1 μL/mouse) were administered Intra-CA1 30 
minutes before training the animals. On the test day, all ani-
mals received saline (1 μL/mouse, Intra-CA1) 30 minutes 
before the test (Panel A). Other groups of animals received 
pre-training scopolamine (3 μg/mouse, Intra-CA1) and pre-
testing injections of different doses of scopolamine (0.75, 1.5, 
and 3 μg/mouse, Intra-CA1) (Panel B). Test session step-
down latencies are expressed as median and quartile for 
10 animals. +P<0.05, ++P<0. 01, compared to post-training 
saline/pretest saline. ***P<0.001, compared to pre-training 
scopolamine (3 μg/mouse)/pretest saline.
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2, left panel), but it was restored when morphine (6 mg/
kg, i.p.) was administered as pretest treatment (morphine 
state-dependent memory) in mice (the Kruskal–Wallis, 
non-parametric ANOVA, H (2)=27.18, P<0.01).

	3.3. Effect of pretest administration of SCO on 
memory impairment induced by pretraining mor-
phine and pretest morphine administration on 
pretraining SCO induced amnesia; a cross state 
dependency 

	Pretest application of morphine (3 and 6 mg/kg, i.p.) 
could significantly (the Kruskal–Wallis nonparametric 
ANOVA, H (6)=121.34, P<0.05 and P<0.001, respec-
tively) reverse the pertaining Intra-CA1 amnesic effect 
of SCO (3 μg/rat) (Figure 3, left panel). Similarly, pretest 
administration of SCO (3 μg/mice, Intra-CA1) reversed 
(the Kruskal–Wallis ANOVA, H (6)=31.20, P<0.001) the 
impairment of retention induced by pre-training injection 
morphine (6 mg/kg, i.p.) in mice (Figure 3, right panel).

4. Discussion 

The results of the current study showed that the pre-
training Intra-CA1 injection of SCO could impair the 
memory retrieval of mice when tested 24 hours later in 

step-down passive avoidance task. The current study 
findings were in agreement with those of similar ob-
servations by Piri et al. (2013). They showed that pre-
training Intra-CA1 administration of SCO could induce 
memory impairment in one-trial step-down inhibitory 
avoidance task in rats. In this respect, the essential role 
of dorsal hippocampus cholinergic afferents was shown 
when both acquisition and retention of avoidance learn-
ing were controlled in rodents (Hung, Lin, Liao, & Wang, 
2004). Also, studies on genetically muscarinic receptors 
knock-out mice showed that different subtypes of mus-
carinic receptors participated in the regulation of normal 
hippocampal cognitive functions (Tzavara et al., 2003). 

The microdialysis studies on rats showed that release of 
acetylcholine developed from hippocampal nerve termi-
nals after administration of SCO (Hiramatsu, Murasawa, 
Nabeshima, & Kameyama, 1998). This enhanced release 
of acetylcholine may be caused by positive feedback af-
ter the blockade of presynaptic autoreceptors and/or post-
synaptic muscarinic receptors (Hiramatsu et al., 1998). 
Thus, acetylcholine release in dorsal hippocampus dur-

Figure 2. The effects of pre-training and pretest administra-
tion of morphine on memory retrieval.
Different doses of morphine (1.5, 3, and 6 mg/mouse, i.p.) 
or saline (1 mL/mouse, i.p., control group) were adminis-
tered 30 minutes before training the animal groups. On the 
test day, the control animals received saline (1 mL/mouse, 
i.p.) 30 minutes before the test (Panel A). Other groups of 
animals received pre-training morphine (6 mg/mouse, i.p.) 
and pretesting injections of different doses of morphine (1.5, 
3, and 6 mg/mouse, i.p.) (Panel B). Test session step-down 
latencies are expressed as mean and quartile for 10 animals. 
+P<0.05, ++P<0.01, compared to pre-training saline /pretest 
saline. ***P<0.001,  compared to pre-training morphine (6 
mg/mouse)/pretest saline.

Figure 3. Cross-state dependent interactions between scopolamine 
and morphine in the passive avoidance memory task in mice.
 The improving effects of pretest intraperitoneal morphine admin-
istration on passive avoidance impairment induced by pre-train-
ing Intra-CA1 scopolamine (right). Pretest Intra-CA1 administra-
tion of scopolamine improved morphine induced impairment in 
passive avoidance response of mice (left panel). In the right panel, 
animals received saline (1 μL/mouse, Intra-CA1 and control) or 
scopolamine (3 μg/mouse, Intra-CA1) 30 minutes before training. 
The animals were tested after Intra-CA1 administration of mor-
phine (1.5, 3, and 6 mg/mouse) on the test day. Animals in the 
left panel received saline (i.p.) or morphine (6 mg/mouse, i.p.) be-
fore training (panel B). On the test day, all animals in the left panel 
were tested 30 minutes after Intra-CA1 administration of scopol-
amine (0.75, 1.5, and 3 µg/mouse). Test session step-down laten-
cies are expressed as mean and quartile for 10 animals. +P<0.05, 
+++P<0.001 compared to pre-training saline/pretest saline. 
***P<0.001, compared to pre-training morphine/pretest saline.
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ing pretest may provide a base to overcome the pre-train-
ing amnesic effect of muscarinic blockage on passive 
avoidance memory (Souza, Bruning, Acker,  Neto, & 
Nogueira, 2013, Mitsushima, Sano, & Takahashi, 2013).

	The current study findings about memory impairing ef-
fects of morphine after pre-training administration were 
also supported by previous research. For example, Zar-
rindast et al., suggested that intraperitoneal pre-training 
administration of morphine to mice impaired memory 
formation in the step-down experiment (Zarrindast, Kan-
garlu-Haghighi, Khalilzadeh, & Fazli-Tabaei, 2006b). 
Such effects were mediated only via the activation of 
mu-opioid receptor (Shiigi, Takahashi, & Kaneto, 1990), 
and high levels of mu-opioid receptors were expressed 
in the hippocampal formation (De Oliveira et al., 2010). 
In addition, the role of hippocampus mu-opioid recep-
tors in memory was recently confirmed by studying gene 
knock-out systems in mouse (Jang et al., 2003). 

	Finally, cross state-dependent effect was observed be-
tween morphine and SCO on retrieval of passive avoid-
ance memories in mice. It seems that the bidirectional 
modulatory relationship between the cholinergic and 
opioids systems in hippocampus provide a base for such 
cross state-dependent effects in rodents (Zarrindast, Far-
ahmandfar, Rostami, & Rezayof, 2006c). One suggested 
mechanism for explanation of cross state-dependent 
effect between morphine and scopolamine is that each 
system can simulate the effects of other systems on CA1 
neurons or circuits. Previous studies on chick brain dem-
onstrated that the mu-opioid receptors on cholinergic 
terminals in the hippocampus were normally under tonic 
inhibition by the endogenous opiate system (He, Chen, 
Wang, & Ma, 2008). 

The intracerebroventricular administration of a low 
dose of endomorphin-1 and an endogenous mu-opioid 
receptor agonist could improve the SCO-induced im-
pairment in a short-term memory task in mice (Sakagu-
chi Koseki, Wakamatsu, & Matsumura, 2003). On the 
other hand, morphine could increase acetylcholine re-
lease from brainstem synapses by synaptic disinhibition 
(Zhu, Bowman, Baghdoyan, & Lydic, 2008). Altogether, 
it seems that a bidirectional relationship links the opioid 
and cholinergic systems at hippocampal level. Li et al., 
using the schedule-controlled responding technique in 
rats investigated the existence of a direct functional and 
neurochemical interaction between the mu-opioid recep-
tor agonist morphine and the muscarinic cholinergic an-
tagonist scopolamine (Li et al. 2010). Their results con-
firmed the functional bidirectional interaction between 

morphine and scopolamine for CA1-related memory 
functions (Nasehi et al., 2014). 

In an electrophysiological study, Kearns et al. (2001) 
showed the mu-opioid receptor-mediated presynaptic 
enhancement of muscarinic receptor mediated EPSPs 
in single hippocampal CA1 pyramidal neurons. Indeed, 
both scopolamine and morphine are alkaloid and show 
many functional and pharmacological similarities at 
intracellular level and their signaling cascade (Telegdy, 
Bagosi, & Jaszberenyi, 2014). Altogether, it seems that 
interaction between SCO and morphine can activate the 
same mechanisms in CA1 area and provide a basis for 
cross state-dependent learning mechanism. 

	Another hypothesis to explain the cross state-depen-
dent learning phenomenon between SCO and morphine 
is that these compounds can indirectly simulate the ef-
fects of each other on passive avoidance via modulation 
of GABAergic system at CA1 level. Studies showed 
that muscarinic receptor antagonists impair memory 
by indirect modulation of inhibitory GABAergic inter-
neuron in hippocampus (Chang & Liang, 2012). Also, 
it is shown that mu-opioid receptor modulate GABA 
(γ-Aminobutyric acid) receptors in hippocampal CA1 
synapses (McQuiston, 2007). Hippocampal gene ex-
pression profile also provided further evidence for pos-
sible involvement of GABA receptors in SCO-induced 
amnesia (Brouillette, Young, During, & Quirion, 2007). 

The results of electrophysiological studies also con-
firmed that specific classes of GABAergic interneurons 
are the main sources of endogenous opioids and musca-
rinic receptors in the hippocampus that innervate other 
types of interneurons (Giannopoulos & Papatheodoro-
poulos, 2007; Fukudom et al., 2004). Interconnections 
between cholinergic, opioidergic, and GABAergic neu-
rotransmission are reported at CA1 region of guinea 
pigs (Favaroni Mendes & Menescal-de-Oliveira, 2008). 
Parsaei et al., also showed the role of GABAergic sys-
tem of hippocampus in mediating the state-dependent 
learning and memory (Parsaei, Rangchiyan, Ahmadi, 
& Zarrindast, 2011). Therefore, it seems that GABAer-
gic system of CA1 area can act as an interface between 
opioid and cholinergic systems in cross state-dependent 
learning (Rezayof, Razavi, Haeri-Rohani, Rassouli, & 
Zarrindast, 2007). Thus, a second suggested hypothesis 
is the existence of an indirect interaction between cholin-
ergic and opioidergic systems at the level of CA1, which 
states that GABAergic interneurons can act as intermedi-
ate pathway for cross state-dependent learning between 
morphine and SCO. 
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	In summary, results of the current study showed that 
pretest intra CA1 injection of SCO fully reversed pre-
training morphine-induced amnesia in step-down passive 
avoidance in mice and vice versa, which indicated the 
existence of cross state-dependency learning between 
morphine and SCO. To explain the findings, the follow-
ing hypotheses are suggested: (i) SCO and morphine can 
affect and simulate the functions of each other via bidi-
rectional interaction in CA1 area or (ii) SCO and mor-
phine can simulate the effects of each other by indirect 
interactions via GABAergic system, and hence, shape a 
cross state-dependent memory effect between each other. 

Acknowledgments

	The current study was financially supported by Shahed 
University, Tehran, Iran. Authors wish to thank Mr. Fariborz 
Didaran for his assistance in editing of the manuscripts.

Conflict of Interest

The authors declared no conflicts of interest.

References

Alger, B. E., Nagode, D. A., & Tang, A. H. (2014). Muscarinic 
cholinergic receptors modulate inhibitory synaptic rhythms 
in hippocampus and neocortex. Frontiers in Synaptic Neurosci-
ence, 6. doi: 10.3389/fnsyn.2014.00018

Alijanpour, S., & Rezayof, A. (2013). Involvement of dorsal hip-
pocampal and medial septal nicotinic receptors in cross state-
dependent memory between WIN55, 212-2 and nicotine or 
ethanol in mice. Neuroscience, 245, 61–73. doi: 10.1016/j.neu-
roscience.2013.04.030

Antonova, E., Parslow, D., Brammer, M., Simmons, A., Wil-
liams, S., Dawson, G. R., et al. (2011). Scopolamine disrupts 
hippocampal activity during allocentric spatial memory in 
humans: an fMRI study using a virtual reality analogue of 
the Morris Water Maze. Journal of Psychopharmacology, 25(9), 
1256–65. doi: 10.1177/0269881110379285

Brouillette, J., Young, D., During, M. G., & Quirion, R. (2007). 
Hippocampal gene expression profiling reveals the possible 
involvement of Homer1 and GABA(B) receptors in scopola-
mine-induced amnesia. Psychopharmacology, 102(6), 1978–89. 
doi: 10.1111/j.1471-4159.2007.04666.x

Carrigan, K. A., & Dykstra, L. A. (2007). Behavioral effects of 
morphine and cocaine in M1 muscarinic acetylcholine recep-
tor-deficient mice. Psychopharmacology (Berlin), 191(4), 985-93. 
doi: 10.1007/s00213-006-0671-1

Chang, S. D., & Liang, K. C. (2012). Roles of hippocampal 
GABAA and muscarinic receptors in consolidation of context 
memory and context–shock association in contextual fear con-
ditioning: A double dissociation study. Neurobiology of Learn-
ing and Memory, 98(1), 17–24. doi: 10.1016/j.nlm.2012.04.004

De Oliveira, M. S. R., da Silva Fernandes, M. J., Scorza, F. A., 
Persike, D. S., Scorza, C. A., da Ponte, J. B., et al. (2010). Acute 
and chronic exercise modulates the expression of MOR opioid 
receptors in the hippocampal formation of rats. Brain Research 
Bulletin, 83(5), 278–83. doi: 10.1016/j.brainresbull.2010.07.009

Duka, T., Edelmann, V., Schutt, B., Dorow, R., & Fichte, K. 
(1992). Scopolamine-induced amnesia in humans: lack of ef-
fects of the benzodiazepine receptor antagonist -carboline 
ZK 93426. Journal of Psychopharmacology, 6(3), 382–8. doi: 
10.1177/026988119200600307

Fanselow, M. S., & Dong, H. W. (2010). Are the dorsal and ven-
tral hippocampus functionally distinct structures? Neuron, 
65(1), 7–19. doi: 10.1016/j.neuron.2009.11.031

Favaroni Mendes, L. A., & Menescal-de-Oliveira, L. (2008). Role 
of cholinergic, opioidergic and GABAergic neurotransmission 
of the dorsal hippocampus in the modulation of nociception 
in guinea pigs. Life Sciences, 83(19-20), 644–50. doi: 10.1016/j.
lfs.2008.09.006

Fukudome, Y., Ohno-Shosaku, T., Matsui, M., Omori, Y., Fu-
kaya, M., Tsubokawa, H., et al. (2004). Two distinct classes of 
muscarinic action on hippocampal inhibitory synapses: M2-
mediated direct suppression and M1/M3-mediated indirect 
suppression through endocannabinoid signalling. European 
Journal of Neuroscience, 19(10), 2682–92. doi: 10.1111/j.0953-
816x.2004.03384.x

Ghorbanalizadeh-Khalifeh-Mahaleh, B., Taheri, S., Sahebgha-
rani, M., Rezayof, A., Haeri-Rohani, A., & Zarrindast, M. R. 
(2005). Intra-dorsal hippocampal microinjections of lithium 
and scopolamine induce a cross state-dependent learning in 
mice. Archive of Iranian Medicine, 11(6), 629-38. PMID: 18976034

Giannopoulos, P., & Papatheodoropoulos, C. (2013). Effects of 
μ-opioid receptor modulation on the hippocampal network 
activity of sharp wave and ripples. British Journal of Pharmacol-
ogy, 168(5), 1146–64. doi: 10.1111/j.1476-5381.2012.02240.x

He, J., Chen, Y. M., Wang, J. H., & Ma, Y. Y. (2009). Effect of co-
administration of morphine and cholinergic antagonists on y-
maze spatial recognition memory retrieval and locomotor ac-
tivity in mice. Zoological Research, 29(6), 613–20. doi: 10.3724/
sp.j.1141.2008.06613

Hiramatsu, M., Murasawa, H., Nabeshima, T., & Kameyama, 
T. (1998). Effects of U-50,488H on SCO-, mecamylamine- and 
dizocilpine-induced learning and memory impairment in 
rats. Journal of Pharmacology and Experimental Therapeutics, 284, 
858–67. 

Houghoghi, V., Rezayof, A., Zyaian, S., & Zarrindast, M. R. 
(2009). Intradorsal hippocampal microinjection of lithium re-
verses morphine-induced impairment of memory in mice: in-
teractions with dopamine receptor mechanism(s). Behavioural 
Pharmacology, 20(8), 680–7. doi: 10.1097/fbp.0b013e3283323c75

Hung, C. H., Lin, M. T., Liao, J. F., & Wang, J. J. (2004). Sco-
polamine-induced amnesia can be prevented by heat shock 
pretreatment in rats. Neuroscience Letters, 364(2), 63–6. doi: 
10.1016/j.neulet.2004.02.074

Jafari-Sabet, M., & Jannat-Dastjerdi, I. (2009). Muscimol state-
dependent memory: Involvement of dorsal hippocampal 
μ-opioid receptors. Behavioural Brain Research, 202(1), 5–10. 
doi: 10.1016/j.bbr.2009.03.010

Jafari-Sabet, M. (2011). Involvement of dorsal hippocampal 
muscarinic cholinergic receptors on muscimol state-depend-

Hassanpour-Ezatti, M., et al. (2017). Cross State-dependent Learning Interaction Between Scopolamine and Morphine in Mice.  Basic and Clinical Neuroscience, 8(3), 193-202.



Basic and Clinical
  May, June 2017,Volume 8, Number 3

200

ent memory of passive avoidance in mice. Life Sciences, 88(25-
26), 1136–41. doi: 10.1016/j.lfs.2011.04.013

Jamali-Raeufy, N., Nasehi, M., Ebrahimi-ghiri, M., & Zarrindast, 
M. R. (2011). Cross state-dependency of learning between 
WIN55, 212-2 and scopolamine in rat dorsal hippocam-
pus. Neuroscience Letters, 491(3), 227–31. doi: 10.1016/j.neu-
let.2011.01.056

Jang, C. G., Lee, S. Y., Yoo, J. H., Yan, J. J., Song, D. K., Loh, H. 
H., et al. (2003). Impaired water maze learning performance 
in μ-opioid receptor knockout mice. Molecular Brain Research, 
117(1), 68–72. doi: 10.1016/s0169-328x(03)00291-2

Kearns, I. R., Morton, R. A., Bulters, D. O., & Davies, C. H. (2001). 
Opioid receptor regulation of muscarinic acetylcholine recep-
tor-mediated synaptic responses in the hippocampus. Neurop-
harmacology, 41(5), 565–73. doi: 10.1016/s0028-3908(01)00108-3

Klinkenberg, I., & Blokland, A. (2010). The validity of sco-
polamine as a pharmacological model for cognitive impair-
ment: A review of animal behavioral studies. Neuroscience 
& Biobehavioral Reviews, 34(8), 1307–50. doi: 10.1016/j.neubi-
orev.2010.04.001

Leung, L. S., & Peloquin, P. (2009). Cholinergic modulation 
differs between basal and apical dendritic excitation of hip-
pocampal CA1 pyramidal cells. Cerebral Cortex, 20(8), 1865–77. 
doi: 10.1093/cercor/bhp251

Li, X., Li, J. X., & France, C. P. (2010). Interactions between mor-
phine, scopolamine and nicotine: Schedule-controlled re-
sponding in rats. Pharmacology Biochemistry and Behavior, 96(1), 
91–5. doi: 10.1016/j.pbb.2010.04.011

Lo, A. C., De Maeyer, J. H., Vermaercke, B., Callaerts-Vegh, Z., 
Schuurkes, J. A., & D’Hooge, R. (2014). SSP-002392, a new 
5-HT4 receptor agonist, dose-dependently reverses scopola-
mine-induced learning and memory impairments in C57Bl/6 
mice. Neuropharmacology 85, 178-89. doi: 10.1016/j.neurop-
harm.2014.05.013

Mahmoodi, G., Ahmadi, S., pourmotabbed, A., Oryan, S., & 
Zarrindast, M. R. (2010). Inhibitory avoidance memory defi-
cit induced by scopolamine: Interaction of cholinergic and 
glutamatergic systems in the ventral tegmental area. Neuro-
biology of Learning and Memory, 94(1), 83–90. doi: 10.1016/j.
nlm.2010.04.004

Mitsushima, D., Sano, A., & Takahashi, T. (2013). A cholinergic 
trigger drives learning-induced plasticity at hippocampal syn-
apses. Nature Communications, 4. doi: 10.1038/ncomms3760

McQuiston, A. R. (2007). Effects of opioid receptor modula-
tion on GABAB receptor synaptic function in hippocampal 
CA1. Journal of Neurophysiology, 97(3), 2301–11. doi: 10.1152/
jn.01179.2006

Nasehi, M., Nasehi, M., Rahmani-Nia, F., Mirzaei, B., Torabi-
Nami, M., & Zarrindast, M. R. (2014). Swimming improves 
the emotional memory deficit by scopolamine via mu opioid 
receptors. Physiology & Behavior, 128, 237–46. doi: 10.1016/j.
physbeh.2014.02.011

Parsaei, L., Rangchiyan, M., Ahmadi, S., & Zarrindast, M. R. 
(2011). GABAA receptors in the dorsal hippocampus are 
involved in sate-dependent learning induced by lithium in 
mice. Iranian Journal of Pharmaceutical Research, 10(1), 127-34. 
PMCID: PMC3869577

Patti, C. L., Kameda, S. R., Carvalho, R. C., Takatsu-Coleman, 
A. L., Lopez, G. B., Niigaki, S. T., et al. (2005). Effects of mor-
phine on the plus-maze discriminative avoidance task: Role 
of state-dependent learning. Psychopharmacology, 184(1), 1–12. 
doi: 10.1007/s00213-005-0238-6

Paxinos, G., & Franklin, K. B. J. (2001). The mouse brain in stere-
otaxic coordinates (2nd Ed.) New York: Academic Press.

Petersen, R. C. (1979). Scopolamine state-dependent memory 
processes in man. Psychopharmacology, 64(3), 309–14. doi: 
10.1007/bf00427515

Piri, M., Rostampour, M., Nasehi, M., & Zarrindast, M. R. (2013). 
Blockade of the dorsal hippocampal dopamine D1 receptors 
inhibits the scopolamine-induced state-dependent learn-
ing in rats. Neuroscience, 252, 460–7. doi: 10.1016/j.neurosci-
ence.2013.08.003

Ramakrishnan, L., Amatya, C., DeSaer, C. J., Dalhoff, Z., & 
Eggerichs, M. R. (2014). Galantamine reverses scopolamine-
induced behavioral alterations in Dugesia tigrina. Invertebrate 
Neuroscience, 14(2), 91–101. doi: 10.1007/s10158-013-0167-8

Rezayof, A., Amini, R., Rassouli, Y., & Zarrindast, M. R. (2006). 
Influence of nitric oxide on morphine-induced amnesia and 
interactions with dopaminergic receptor agents. Physiology & 
Behavior, 88(1-2), 124–31. doi: 10.1016/j.physbeh.2006.03.017

Rezayof, A., Razavi, S., Haeri-Rohani, A., Rassouli, Y., & Zarrin-
dast, M. R. (2007). GABAA receptors of hippocampal CA1 
regions are involved in the acquisition and expression of 
morphine-induced place preference. European Neuropsychop-
harmacology, 17(1), 24–31. doi: 10.1016/j.euroneuro.2006.02.003

Roldán, G., Cobos-Zapiain, G., Quirarte, G. L., & Prado-Alcalá, 
R. A. (2001). Dose- and time-dependent scopolamine-induced 
recovery of an inhibitory avoidance response after its extinc-
tion in rats. Behavioural Brain Research, 121(1-2), 173–9. doi: 
10.1016/s0166-4328(01)00157-7

Sakaguchi, M., Koseki, M., Wakamatsu, M., & Matsumura, E. 
(2003). Effects of β-Casomorphin-5 on Passive Avoidance 
Response in Mice. Bioscience, Biotechnology, and Biochemistry, 
67(11), 2501–4. doi: 10.1271/bbb.67.2501

Shiigi, Y., Takahashi, M., & Kaneto, H. (1990). Facilitation of 
memory retrieval by pretest morphine mediated by μ but not 
δ and κ opioid receptors. Psychopharmacology, 102(3), 329–32. 
doi: 10.1007/bf02244099

Souza, A. C. G., Bruning, C. A., Acker, C. I., Neto, J. S. S., & 
Nogueira, C. W. (2013). 2-Phenylethynyl-butyltellurium en-
hances learning and memory impaired by scopolamine in 
mice. Behavioural Pharmacology, 24(4), 249–54. doi: 10.1097/
fbp.0b013e32836353a5

Telegdy, G., Bagosi, Z., & Jaszberenyi, M. (2014). Transmitter-
mediated action of neuromedin S on Passive avoidance learn-
ing in rats. Journal of Neurobehavioral Sciences, 1(2), 41. doi: 
10.5455/jnbs.1398170234

Tzavara, E. T., Bymaster, F. P., Felder, C. C., Wade, M., Gomeza, 
J., Wess, J., et al. (2003). Dysregulated hippocampal acetylcho-
line neurotransmission and impaired cognition in M2, M4 and 
M2/M4 muscarinic receptor knockout mice. Molecular Psychi-
atry, 8(7), 673–9. doi: 10.1038/sj.mp.4001270

Vega-Flores, G., Gruart, A., & Delgado-García, J. M. (2014). In-
volvement of the GABAergic Septo-Hippocampal Pathway 

Hassanpour-Ezatti, M., et al. (2017). Cross State-dependent Learning Interaction Between Scopolamine and Morphine in Mice.  Basic and Clinical Neuroscience, 8(3), 193-202.



Basic and Clinical
  May, June 2017,Volume 8, Number 3

201

in Brain Stimulation Reward. PLoS ONE, 9(11), 113787. doi: 
10.1371/journal.pone.0113787

Whitlock, J. R. (2006). Learning Induces Long-Term Potentiation 
in the Hippocampus. Science, 313(5790), 1093–7. doi: 10.1126/
science.1128134

Xiang, X. H., Wang, H. L., Wu, W. R., Guo, Y., Cao, D. Y., Wang, 
H. S., et al. (2006). Ethological analysis of scopolamine treat-
ment or pretreatment in morphine dependent rats. Physiology 
& Behavior, 88(1-2), 183–90. doi: 10.1016/j.physbeh.2006.03.029

Young, A. M. (2014). State-dependent learning and memory. In 
I. P. Stolerman (Ed.), Encyclopedia of Psychopharmacology (pp. 
1648-1659). Philadelphia: Springer.

Zarrindast, M. R., & Rezayof, A. (2004). Morphine state-depend-
ent learning: sensitization and interactions with dopamine re-
ceptors. European Journal of Pharmacology, 497(2), 197–204. doi: 
10.1016/j.ejphar.2004.06.041

Zarrindast, M. R., Fazli-Tabaei, S., Ahmadi, S., & Yahyavi, S. H. 
(2006a). Effect of lithium on morphine state-dependent mem-
ory of passive avoidance in mice. Physiology & Behavior, 87(2), 
409–15. doi: 10.1016/j.physbeh.2005.11.005

Zarrindast, M. R., Kangarlu-Haghighi, K., Khalilzadeh, A., & 
Fazli-Tabaei, S. (2006b). Influence of intracerebroventricular 
administration of cannabinergic drugs on morphine state-
dependent memory in the step-down passive avoidance test. 
Behavioural Pharmacology, 17(3), 231–7. doi: 10.1097/00008877-
200605000-00004

Zarrindast, M. R., Farahmandfar, M., Rostami, P., & Rezayof, A. 
(2006c). The influence of central administration of dopamin-
ergic and cholinergic agents on morphine-induced amnesia 
in morphine-sensitized mice. Journal of Psychopharmacology, 
20(1), 59–66. doi: 10.1177/0269881105057003

Zarrindast, M. R., Ardjmand, A., Rezayof, A., & Ahmadi, S. 
(2013). The time profile of morphine effect on different phases 
of inhibitory avoidance memory in rat. Archive of Iranian Medi-
cine, 16(1), 34-7. doi: 013161/AIM.0011

Zarrindast, M. R., Ownegh, V., Rezayof, A., & Ownegh, F. (2014). 
The involvement of dorsal hippocampus in dextrometho-
rphan-induced state-dependent learning in mice. Pharma-
cology Biochemistry and Behavior, 116, 90–5. doi: 10.1016/j.
pbb.2013.11.015

Zhai, H., Wu, P., Chen, S., Li, F., Liu, Y., & Lu, L. (2008). Effects 
of scopolamine and ketamine on reconsolidation of morphine 
conditioned place preference in rats. Behavioural Pharmacology, 
19(3), 211–6. doi: 10.1097/fbp.0b013e3282fe88a0

Zhu, Z., Bowman, H. R., Baghdoyan, H. A., & Lydic, R. (2008). 
Morphine increases acetylcholine release in the trigemi-
nal nuclear complex. Sleep, 31(12), 1629–37. doi: 10.1093/
sleep/31.12.1629

Hassanpour-Ezatti, M., et al. (2017). Cross State-dependent Learning Interaction Between Scopolamine and Morphine in Mice.  Basic and Clinical Neuroscience, 8(3), 193-202.



Basic and Clinical
  May, June 2017,Volume 8, Number 3

202


