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Introduction: Evidence indicates that medial septum nicotinic receptors regulate cognitive 
processes. Ghrelin is a gut hormone that regulates energy homeostasis. Ghrelin is also 
produced in the brain and is involved in cognitive function. This study aims to evaluate the 
effects of medial septal administration of ghrelin on the amnestic effect of morphine in rats.
In addition, the possible relationship between the medial septal ghrelin and acetylcholine 
nicotinic receptors on the amnestic effect of morphine is evaluated.

Methods: The rats were implanted at the medial septum area and were microinjected with 
ghrelin and nicotinic receptor agents. The step-through type inhibitory avoidance apparatus 
was used for memory retrieval assessment.

Results: The results showed that the administration of morphine after the training phase 
impaired memory consolidation. Post-training intra-septal injection of the same doses of either 
ghrelin or nicotine did not change memory performance; however, their co-application with 
morphine (significant dose: 7.5 mg/kg subcutaneous injection) increased the step-through 
latency and improved memory consolidation. Moreover, post-training co-application of low 
doses of the two agonists could not affect morphine-induced memory impairment.

Conclusion: These results indicated no interaction between medial septal ghrelin and nicotinic 
receptors on the amnestic effect of morphine in rats.
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1. Introduction

he medial septum (MS) is a sub-region of the 
basal forebrain and provides heterogeneous 
projections to the hippocampus (Khakpai 
et al., 2013; Müller & Remy, 2018). These 
projections contribute to the generation of 
hippocampal theta rhythm (Nunez & Buno, 

2021) and have a critical role in cognitive processes 
(Buzsaki & Moser, 2013). MS also receives choliner-
gic input from the pedunculopontine tegmental nucleus. 
Meanwhile, acetylcholine nicotinic receptors are highly 
expressed in the medial septum (Hallanger & Wainer, 
1988). Nicotinic receptors are involved in the regulation 
of MS neurons’ activity (Cheng-Biao et al., 2013).

Ghrelin is a small peptide produced in the gastrointestinal 
tract and acts as a potent regulator of numerous physiologi-
cal functions. Circulating ghrelin can penetrate the blood–
brain barrier and affect higher brain functions (Muller et al., 
2015). In addition, ghrelin can also be synthesized in some 
brain regions (Cabral et al., 2017). It has received consider-
able attention because of its capacity for the neuromodula-
tion of cognitive functions (Seminara et al., 2018). In the 
hippocampus, ghrelin interferes with neurogenesis, spine 
synapse density, and long-term memory (Chanyang et al., 
2017; Chen et al., 2011; Diano et al., 2006; Eslami et al., 
2018). In situ, hybridization histochemistry methods indi-
cated that ghrelin receptors, namely the growth hormone 
secretagogue receptor, are expressed in rat MS (Jeffrey et 

al., 2006). Moreover, ghrelin mRNA is expressed in MS 
(Cowley et al., 2003). Recently, it has been suggested that 
MS may be a source of ghrelin release in the hippocampus 
(Muniz et al., 2015).

Passive avoidance learning is a hippocampus-dependent 
simple task that is widely used in memory studies in rodents 
(Atucha & Roozendaal et al., 2015). According to previous 
studies, acute exposure to morphine could affect various as-
pects of memory formation in avoidance learning (Adedayo 
et al., 2018; Ghasemzadeh & Rezayof, 2017; Tavassoli et 
al., 2020). In our recent studies, we showed that intra-hip-
pocampal or anterior port of ventral tegmental area (VTA) 
microinjection of ghrelin improved the amnestic effect of 
morphine and this improvement was

associated with the acetylcholine nicotinic receptor ac-
tivity (Nazari-Serenjeh et al., 2019; Yadegay et al., 2020). 
Based on the evidence shows that the activation of the brain 
GHS-R1A receptors can improve morphine amnesic ef-
fects (Nazari-Serenjeh et al., 2019; Yadegay et al., 2020), 
potentiate nicotine effect on morphine-induced memory 
impairment (Darbandi et al., 2008; Rezayof et al., 2008) 
and that systemic administration of ghrelin modulates the 
hippocampal spine synapses density and cholinergic fibers 
(Farzin et al., 2021), meanwhile, considering to the expres-
sion of ghrelin receptors in the MS and the effect of MS on 
hippocampal-dependent behavior, this study aims to deter-
mine the effect of the MS ghrelin/nicotine interaction on the 
amnestic effect of morphine in passive avoidance learning.

Highlights 

• Post-training morphine administration impaired memory performance.

• Intra-septal injection of ghrelin or nicotine alone did not affect memory performance.

• Co-application of either ghrelin or nicotine with morphine improved memory.

• Co-application of the two agents could not affect morphine-induced memory impairment.

Plain Language Summary 

Morphine abuse has been associated with memory disturbance. Ghrelin is a gastrointestinal hormone known as 
hunger hormone. It also affects cognitive performance via binding ghrelin receptors in central nervous system. On the 
other hand, the medial septum nicotinic receptors improve memory-associated behavior. Hence, we hypothesized that 
septal ghrelin receptors could affect the effect of nicotine on morphine-induced memory deficit. We examined this 
hypothesis in avoidance memory task. We found that subcutaneous administration of morphine inhibited avoidance 
memory. The effect of morphine was blocked by intra-medial septum injection of nicotine or ghrelin. However, co-
infusion of ghrelin with nicotine into the medial septum area had no effect on morphine amnesia. Overall, the study 
results suggest no interaction between ghrelin and cholinergic nicotinic receptors in morphine amnesia.

T
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2. Materials and Methods

Study subjects

Male Wistar rats (with a weight range of 220 to 240 
grams at the time of surgery) were caged together (4 per 
cage) at a constant-temperature environment (22±2°C; 
lights on 07:00–19:00) under 12-h light/dark cycles. All 
animals had ad libitum access to food and water. The 
experimental procedures were performed between 9:00 
and 14:00. 

Stereotaxic surgery

Cannulas implantations were performed according to 
our previous study (Nazari-Serenjeh et al., 2019). In 
brief, the animals were anesthetized with an intraperi-
toneal injection of ketamine hydrochloride: Xylazine 
(50 mg/kg: 5 mg/kg) and then placed in a stereotaxic 
instrument (Stoelting Co., USA). According to the atlas 
of Watson, one cannula was implanted into the medial 
septum with the cannula tips 1 mm above the site (an-
terior posterior=+1.2 mm, medial lateral=±0.1 mm and 
dorsal ventral=−6.5 mm). The cannula was secured by 
denture powder. All animals were allowed a 7-day re-
covery to recover from surgery and the remnant effect of 
anesthetic agents. The animals were handled 2 times for 
1 min each during this recovery period.

Drugs and micro injection procedures

The morphine sulfate (Daroopakhsh, Tehran, Iran), nic-
otine hydrogen tartrate (Sigma, Poole, Dorset, UK), and 
ghrelin (Abcam, UK) were used. Morphine and ghrelin 
were dissolved in saline (0.09%). Nicotine was initially 
dissolved in saline; then, the pH needed to be adjusted 
to 7.2 with NaOH (0.1 N solution). The morphine was 
injected subcutaneously after the training phase. Nico-
tine (5 min before morphine administration), and ghrelin 
(10 min before morphine administration) were microin-
jected in the medial septum.

The injection needle (gauge 27; 1 mm longer than the 
guide cannula) was attached to a 2-µL Hamilton syringe 
by polyethylene tube. Subsequently, 1 μL volumes of the 
drugs were injected in the MS region over a 60 s period. 
The injection needle remained inside the injection site 
for an additional 60 s to avoid drug reflux. Drug doses 
were based on our previous experiments along with a 
pilot study (Yadegari et al., 2020).

Passive avoidance task

To investigate memory performance, 2 days of passive 
avoidance tests were carried out according to our pre-
vious study (Nazari-Serenjeh et al., 2019). In brief, the 
passive avoidance task consisted of two light and dark 
compartments connected through a removable guillotine 
door (same size, diameter: 20×20×30 cm high). The floor 
of the dark compartment consisted of stainless-steel bars 
used to deliver electric shocks (50 Hz, 1 mA, and 3 s).

On the training day, the rat was placed in the light com-
partment with the open guillotine door and let to explore 
both compartments for 5 min. If the rat did not enter the 
dark compartment for more than 100 s, it was excluded 
from the study. After 5 min, the rat was located in the 
light compartment of the apparatus. After 10 s, the guillo-
tine door was elevated. The latency of the rat to enter the 
dark compartment was recorded (step-through latency). 
Once the animal completely crossed the dark compart-
ment (with all four paws), the guillotine door was closed 
and a foot shock was delivered. After 20 s, the rat was 
returned to its home cage. Then, 2 min later, the proce-
dure was repeated and the latency of entrance to the dark 
compartment was measured. If the rat stayed in the light 
compartment for 120 s with no movement to the dark 
compartment, successful training was achieved; howev-
er, if the animal reentered the dark chamber before 120 s, 
the guillotine door was released and the animal received 
a second shock (maximum of trials was 3 times).

The testing phase was done 24 h after the acquisition 
trial. The rat was placed in the light compartment and 
after 10 s the guillotine door was elevated and the step-
through latency for entrance to the dark compartment 
was recorded. The cut-off time of 300 s was established.

Experimental design

Experiment 1. A total of 5 groups (7 rats in each group) 
were used to evaluate morphine-induced-memory con-
solidation impairment. Accordingly, 4 groups received 
various doses of morphine (0.5, 2.5, 5, and 7.5 mg/kg, 
subcutaneously) immediately after the training phase. 
The control group received subcutaneous administration 
of saline (1 mL/kg, subcutaneously). On the testing day, 
the latency to enter the dark compartment was recorded.

Experiment 2. To evaluate the effects of post-training 
intra-medial septum microinjection of ghrelin on mor-
phine-induced amnesia, 8 groups of animals were used. 
Immediately after successful training, the groups re-
ceived various doses of ghrelin (0, 0.1, 0.3, and 1 nmol/
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µL, intra-medial septum) plus saline (1 mL/kg, subcu-
taneously) or an effective dose of morphine (7.5 mg/kg, 
subcutaneously) with a 5-min interval. The step-through 
latency was recorded 24 h after the last injection.

Experiment 3. The effect of post-training intra-me-
dial septum microinjection of nicotine with or without 
morphine was evaluated on memory consolidation in 8 
groups of animals. After successful training, 8 groups of 
rats received post-training intra-medial septum microin-
jection of saline (1 µL/rat) plus different doses of nico-
tine (0, 1, 1.25, and 1.5 μg/rat) or morphine (7.5 mg/kg, 
subcutaneously) with a 5-min interval. The step-through 
latency was recorded 24 h after the last injection.

Experiment 4. In this experiment, the effects of post-
training injection of an ineffective dose of ghrelin (0.1 
nmol/µL, intra-MS) plus an ineffective dose of nicotine 
(1 µg/µL) on morphine-induced amnesia were evalu-
ated. The rats were assigned into 5 separate groups. Two 
groups of animals received saline (1 mL/kg) or morphine 
(7.5 mg/kg). Treatment groups received ineffective dos-
es of ghrelin (0.1 nmol/μL, intra-MS) or/plus nicotine (1 
μg/rat, intra-MS) and trained under morphine (7.5 mg/
kg) treatment. On the testing day, the step-through la-
tency was measured.

Histology

At the end of the experiments, histological verification 
of the guide cannulas placement within the medial sep-
tum was performed on anesthetized rats. After decapita-
tion, the brain was removed and fixed in formalin 10% 
for at least 7 days. Afterward, the injection sites were 
determined according to the rat brain atlas of Paxinos 
and Watson (2007).

Statistical analysis

The results were presented as Mean±SE of the mean. 
The data were analyzed using SPSS software, version 
22; SPSS Inc., Chicago, IL, USA) with one or two-way 
analysis of variance, followed by the Tukey post hoc 
comparisons to determine the source of the detected sig-
nificances, when appropriate. A P<0.05 was considered 
statistically significant.

3. Results

Effects of subcutaneous administration of mor-
phine on step-through latency

Figure 1 indicates the effects of subcutaneous adminis-
tration of morphine (0, 0.5, 2.5, 5, and 7.5 mg/kg, subcu-
taneously) on step-through latency of passive avoid-ance 
apparatus (one-way analysis of variance: F(4, 31)=15.82, 
P<0.001). The retrieval test performed after 24 h indi-
cated a decreased latency time taken by the mor-phine-
treated group (5 and 7.5 mg/kg, subcutaneously) to enter 
the dark compartment in comparison with the saline-
control group (P<0.01 and P<0.001, respective-ly).

Effects of post-training intra-medial septum mi-
croinjection of ghrelin on morphine-induced am-
nesia

Figure 2 shows the effect of post-training intra-medial 
septum microinjection of ghrelin with or without mor-
phine on memory consolidation. The two-way analysis 
of variance revealed a significant difference between the 
groups of animals that received ghrelin (0, 0.1, 0.3, and 1 
nmol/µL, intra-medial septum) plus saline (1 mL/kg, sub-
cutaneously) and the animals that received the same doses 
of ghrelin plus morphine (7.5 mg/kg, subcutaneously) 
(for treatment F(1, 56)=38.72, P<0.001; dose, F(3, 56)=20.04, 
P<0.001; treatment×dose interaction, F(3, 56)=21.35, 
P<0.001). The one-way analysis of variance indicated 
that the post-training intra-medial septum microinjection 
of ghrelin was not significant on the effect on the step-
through latency, compared to the control group (left panel 
of Figure 2; F(3, 24)=0.593, P>0.05). However, ghrelin at a 
dose of 1 nmol/µL significantly improved the morphine 
induced-amnesia, in comparison with the control group 
(F(3, 24)=36.00, P<0.001); therefore, ghrelin treatment sig-
nificantly increased the step-through latency (P<0.001; 
right panel of Figure 2).

The effect of intra-medial septum microinjection 
of nicotine with or without morphine on memory 
consolidation

Figure 3 shows the effects of intra-medial septum micro-
injection of nicotine with or without morphine on mem-
ory consolidation. The two-way analysis of variance re-
vealed a significant difference in memory consolidation 
between the groups of animals that received nicotine (1, 
1.25, and 1.5 μg/rat, intra- medial septum) plus saline (1 
mg/kg, subcutaneously) and those that received the same 
doses of nicotine plus an effective dose of morphine (7.5 
mg/kg, subcutaneously) (for treatment, F(1, 56)=175.24, 
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P<0.001; dose, F(3, 56)=1.38, P>0.05; treatment×dose in-
teraction, F(3, 56)=3.43, P<0.05). The left panel of Figure 
3 shows that following post-training microinjection of 
saline (1 µL/rat, intra-medial septum) plus nicotine (1, 
1.25, and 1.5 µg/rat, intra-medial septum), no significant 
change was observed in the step-through latencies as 
compared with the saline/saline control group (one-way 
analysis of variance: F(3, 24)=2.51, P>0.05). As shown in 
the right panel of Figure 3, post-training microinjection 
of nicotine (1, 1.25, and 1.5 µg/rat, intra-medial septum) 
plus morphine (7.5 mg/kg, subcutaneously) improved 
the amnesic effect of morphine in the passive avoidance 
apparatus (F(3, 24)=5.21, P<0.001).

Effect of ghrelin and nicotine combination on mor-
phine-induced response on avoidance memory

Figure 4 shows the effects of intra-MS injection of inef-
fective doses of ghrelin (0.1 nmol/µL) with nicotine (1 µg/
rat) on morphine-induced memory impairment. The one–
way analysis of variance on latencies data indicated no sig-
nificant interaction between drugs at these concentrations 
(P>0.05).

4. Discussion

As mentioned in the literature review, morphine in-
duces cognitive impairment. In this study, we found that 

ghrelin or nicotine microinjection into the medial septum 
improved the morphine induced-amnesic effect, how-
ever, their co-injection did not affect morphine-induced 
memory consolidation impairment. We revealed for the 
first time that there is no interaction between medial sep-
tum nACh receptors and ghrelin on morphine-induced 
memory consolidation impairment.

Consistent with prior results (Adedayo et al., 2018; 
Ghasemzadeh & Rezayof, 2017; Tavassoli et al., 2020), 
in the current study, morphine administration caused 
passive avoidance memory consolidation impairment. 
Previously, morphine–induced memory impairment re-
sults from changes in CAMKII/CREB and also BDNF/
cFos signaling pathways was demonstrated (Ghasemza-
deh & Rezayof, 2016; Ghasemzadeh & Rezayof, 2018). 
In addition, using Y-maze and Morris water maze tasks, 
it was shown that morphine administration led to short-
term spatial memory and retrieval impairment which 
was mediated by MOP receptors (Kitanaka et al., 2015). 
Given that central or systemic injections of morphine 
increase the level of GABA neurotransmitters in the dif-
ferent brain areas (Caillé & Parsons, 2006; Ramshini 
et al., 2019; Sun et al., 2011), this may explain the am-
nesic effect of morphine; however, morphine-induced 
memory impairment is a more complex process. Thus, 
considering the modulatory effect of medial septum and 
also ghrelin on morphine-related effects, the evaluation 
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Figure 1. The effects of morphine administration on memory consolidation

Notes: The animals were trained in the step-through latency apparatus. Immediately after training, the animals received an 
intra-medial-septum injection of saline (1 µL/rat) plus subcutaneous administration of different doses of morphine. The memory 
retrieval test was carried out 24 h after the training phase. Each bar represents the Mean±SE of the mean of seven rats per group.

**P<0.01, ***P<0.001 compared to saline control group.
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Figure 2. The effect of post-train administration of ghrelin with or without morphine on memory consolidation

Notes: Four groups of animals received intra- medial-septum injection of ghrelin and after 5 min injected with saline (1 mL/
kg). The other 4 groups received the same doses of ghrelin and after 5 min they were treated with an effective dose of morphine 
(7.5 mg/kg). After 24 h, all animals were tested to measure the step-through latency. The data is expressed as Mean±SE of the 
mean of 7 animals per group.

***P<0.001 compared to the saline/saline control group, +++P<0.001 compared to the saline/morphine group.
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Figure 3. The effect of intra-media-septum injection of nicotine on memory formation in the presence or absence of morphine

Notes: After successful training, the animals received nicotine injections (0, 1, 1.25, and 1.5 μg/rat) plus saline (1 mL/kg) or 
morphine (7.5 mg/kg, subcutaneously) at 5 min intervals. The data are expressed as Mean±SE of the mean of 7 rats per group.

***P<0.001 compared to the saline/saline control group, ++P<0.001 compared with the morphine group.
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of medial septal ghrelin injection on morphine amnesia 
provides more information regarding the potential ther-
apeutic effect of ghrelin on side effects of drug abuse, 
such as morphine.

In the present study, acute ghrelin injected into the me-
dial septum could not affect memory in avoidance tasks. 
In numerous studies, improving/inhibitory properties of 
ghrelin were evaluated using multiple tasks and animal 
strains (Diano et al., 2006; Davis et al., 2011; Song et al., 
2013; Zhao et al., 2014). Our findings are inconsistent 
with previously published results showing that intra-hip-
pocampus, -amygdala, and -dorsal raphe nucleus injec-
tion of ghrelin increases memory retention (Carlini et al., 
2004). Using the Morris water maze test and the fear-
conditioning paradigm, Albarran-Zeckler et al. (2012) 
reported that GHS-R1A knockout mice have improved 
spatial memory and also disrupted contextual memory. 
This inconsistency may be due to different routes of ad-
ministration, drug doses, types of tasks, and also animal 
strain.

In this study, intra-septal ghrelin significantly increased 
the retrieval of memory in rats treated with morphine, 
indicating the improving effect of ghrelin. The blockade 
of GHS-R1A ghrelin receptors attenuate the dopamine 
release, the stereotypic behaviors (Sustkova-Fiserova et 

al., 2014), locomotor stimulation, as well as conditioned 
place preference (Engel et al., 2015) caused by morphine 
treatment supporting the involvement of ghrelin on mor-
phine-induced memory consolidation impairment. The 
co-localization of GHS-R1A receptors with other neu-
rotransmitters, such as dopaminergic and cholinergic re-
ceptors have been determined (Ferrini et al., 2009; Guan 
et al., 1997). The co-expression of GHS-R1A with other 
receptors proposes the potential interaction between 
ghrelin and the neurotransmitters to affect brain func-
tions. On the other hand, ghrelin affects neurotransmit-
ter release. For example, dopamine release increased in 
response to ghrelin administration (Palotai et al., 2013a). 
Ghrelin also decreases GABA release (Mir et al., 2018) 
and regulates glutamatergic transmission (Muniz & 
Isokawa, 2015). One suggestion is that ghrelin may af-
fect the balance between neurotransmitter release and 
causes improvement in memory impairment induced by 
morphine. However, the MS mechanisms that underpin 
ghrelin’s modulation of the memory process under mor-
phine treatment are unclear. Considering the active role 
of nicotinic receptors on the activation of MS, and con-
sequently hippocampus, we investigated whether there 
is any interaction between nicotine and ghrelin within 
the MS region on morphine-dependent memory.

Figure 4. Effect of intra-medial-septum co-administration of ineffective doses of ghrelin plus nicotine on memory in rats 
trained under morphine

Notes: Five groups of animals were used. After successful training, the animals received saline (1 mL/kg, subcutaneously), 
morphine (7.5 mg/kg, subcutaneously) or ineffective doses of mg/kg, subcutaneously) with 5 min intervals. The data are 
expressed as Mean±SE of the mean of 7 rats per group.

***P<0.001 compared to the saline/saline/saline control group. 
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Our analysis showed that the microinjection of nico-
tine into the medial septum inhibited morphine-induced 
memory impairment. Moreover, intra-medial septum mi-
croinjection of the drug by itself did not affect passive 
avoidance memory consolidation. A previous study con-
ducted by Alijanpour and Rezayof has shown that intra-
MS microinjection of low doses of nicotine-induced did 
not affect the step-down type passive avoidance apparatus 
(Alijanpour & Rezayof, 2013). However, the co-admin-
istration of an ineffective dose of nicotine (1 µg/rat) plus 
ghrelin (0.1 nmol/μL) could not affect morphine-induced 
memory consolidation. It has been reported that nicotine 
administration (oral and smoked) led to an elevation in 
peripheral ghrelin concentrations (Ali et al., 2015). An 
increase in ghrelin concentrations was also reported fol-
lowing smoking one filtered cigarette (in both smokers 
and nonsmokers; Bouros et al., 2006). The cross-talk be-
tween ghrelin and nicotine has been confirmed. In this re-
gard, Palotai and colleagues reported that ghrelin causes 
an increase in nicotine-induced dopamine release in the 
striatum (Palotai et al., 2013b). Also, in our previous 
studies, we reported that hippocampal or anterior VTA 
nicotinic receptors are involved in the ghrelin-mediated 
effect on morphine-related memory (Nazari-Serenjeh et 
al., 2019; Yadegay et al., 2020). Since ghrelin and nico-
tine alone or in co-administration elevated dopamine 
release (Zallar et al., 2017; Palotai et al., 2013b), one 
may suggest that the dopaminergic mechanism may be 
directly or indirectly associated with ghrelin/nicotine in-
teraction in the learning process. However, in the present 
study, a synergistic effect between ghrelin and nicotine 
has not been observed. An explanation can be that other 
receptors may be involved in ghrelin/nicotine interaction. 
It has been shown that in response to stressors, ghrelin 
receptor knockout mice attenuated corticosterone release 
(Chuang et al., 2011) Thus, the activation of the ghrelin 
receptor causes an increase in corticosterone release. On 
the other hand, the administration of nicotine increased 
the secretion of corticosterone (Bugajski et al., 2002). 
One may suggest that the potentiation of corticosterone 
release in ghrelin-treated rats by intra-MS microinjection 
of nicotine may cause the differential occupation of corti-
costeroid receptors which affects the impact of the drugs 
on memory formation (de Kloet et al., 1999). Reuland 
et al. reported that high corticosteroid levels provide a 
potential issue for both mineralocorticoid and glucocor-
ticoid receptors response in amnesia (Reul & de Kloet, 
1985); therefore, it is suggested further studies with more 
focus on this hypothesis.

On the other hand, the present results suggest that the 
involvement of nicotine receptors in the ghrelin effect on 
morphine-induced memory consolidation may be site-

specific in the brain. In support of this suggestion, it has 
been shown that ghrelin has a regionally-specific effect 
on neurotransmitter release within the brain (Bouros et 
al., 2006; Mir et al., 2018). Accordingly, these results in-
dicate the substantial participation of the medial septal 
ghrelin receptors in morphine-induced memory consoli-
dation impairment.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Research and Eth-
ics Committee of Arak University of Medical Sciences 
(Code: IR.ARAKMU.REC.1397.215). The procedures 
were in accordance with the guideline for the care and 
use of laboratory animals (NIH publications No. 80–23).

Funding

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Authors' contributions

Conceptualization and supervision: Niloufar Darbandi; 
Data collection: Soudabe Dastjanifarahani; Data analy-
sis: Niloufar Darbandi, Writing–review & editing: Far-
zaneh Nazari-Serenjeh and Zahra Ghasemzadeh.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to thank Arak University for 
their valuable cooperation.

References

Adedayo, A. D., Aderinola, A. A., Adekilekun, T. A., Olaolu, 
O. O., Olanike, A. M., & Olayemi, I. K. (2018). Morphine-
alcohol treatment impairs cognitive functions and increases 
neuro-inflammatory responses in the medial prefrontal cor-
tex of juvenile male rats. Anatomy & Cell Biology, 51(1), 41–51. 
[DOI:10.5115/acb.2018.51.1.41] [PMID] [PMCID]

Albarran-Zeckler, R. G., Brantley, A. F., & Smith, R. G. (2012). 
Growth hormone secretagogue receptor (GHS-R1a) knock-
out mice exhibit improved spatial memory and deficits in 
contextual memory. Behavioural Brain Research, 232(1), 13–19. 
[DOI:10.1016/j.bbr.2012.03.012] [PMID] [PMCID] 

Darbandi., et al. (2023). Septal Nicotinic and Ghrelin Receptors Interaction With Morphine Memory. BCN, 14(3), 365-374

http://bcn.iums.ac.ir/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reul JM%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=2998738
https://www.arakmu.ac.ir/en
http://araku.ac.ir/
https://doi.org/10.5115/acb.2018.51.1.41
https://www.ncbi.nlm.nih.gov/pubmed/29644109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890016
https://doi.org/10.1016/j.bbr.2012.03.012
https://www.ncbi.nlm.nih.gov/pubmed/22484009
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3361606


Basic and Clinical

373

May & June 2023, Volume 14, Number 3

Ali, S. S., Hamed, E. A., Ayuob, N. N., Shaker Ali, A., & Suli-
man, M. I. (2015). Effects of different routes of nicotine admin-
istration on gastric morphology and hormonal secretion in 
rats. Experimental Physiology, 100(8), 881–895. [DOI:10.1113/
EP085015] [PMID]

Alijanpour, S., & Rezayof, A. (2013). Involvement of dorsal 
hippocampal 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.
neuroscience.2013.04.030] [PMID]

Atucha, E., & Roozendaal, B. (2015). The inhibitory avoid-
ance discrimination task to investigate accuracy of memory. 
Frontiers in Behavioral Neuroscience, 9, 60. [DOI:10.3389/fn-
beh.2015.00060] [PMID] [PMCID]

Bugajski, J., Gadek-Michalska, A., & Bugajski, A. J. (2002). In-
volvement of prostaglandins in the nicotine-induced pitui-
tary-adrenocortical response during social stress. Journal of 
Physiology and Pharmacology, 53(4), 847-858. [PMID]

Bouros, D., Tzouvelekis, A., Anevlavis, S., Doris, M., Tryfon, S., 
& Froudarakis, M., et al. (2006). Smoking acutely increases 
plasma ghrelin concentrations. Clinical Chemistry, 52(4), 777–
778. [DOI:10.1373/clinchem.2005.065243] [PMID]

Buzsáki, G., & Moser, E. I. (2013). Memory, navigation and 
theta rhythm in the hippocampal-entorhinal system. Nature 
Neuroscience, 16(2), 130–138. [DOI:10.1038/nn.3304] [PMID] 
[PMCID]

Cabral, A., López Soto, E. J., Epelbaum, J., & Perelló, M. (2017). 
Is ghrelin synthesized in the central nervous system? Inter-
national Journal of Molecular Sciences, 18(3), 638. [DOI:10.3390/
ijms18030638] [PMID] [PMCID]

Caillé, S., & Parsons, L. H. (2006). Cannabinoid modulation of 
opiate reinforcement through the ventral striatopallidal path-
way. Neuropsychopharmacology, 31(4), 804–813. [DOI:10.1038/
sj.npp.1300848] [PMID]

Carlini, V. P., Varas, M. M., Cragnolini, A. B., Schiöth, H. B., Sci-
monelli, T. N., & de Barioglio, S. R. (2004). Differential role 
of the hippocampus, amygdala, and dorsal raphe nucleus in 
regulating feeding, memory, and anxiety-like behavioral re-
sponses to ghrelin. Biochemical and biophysical Research Com-
munications, 313(3), 635–641. [DOI:10.1016/j.bbrc.2003.11.150] 
[PMID]

Chen, L., Xing, T., Wang, M., Miao, Y., Tang, M., & Chen, J., et 
al. (2011). Local infusion of ghrelin enhanced hippocampal 
synaptic plasticity and spatial memory through activation 
of phosphoinositide 3-kinase in the dentate gyrus of adult 
rats. The European Journal of Neuroscience, 33(2), 266–275. 
[DOI:10.1111/j.1460-9568.2010.07491.x] [PMID]

Cowley, M. A., Smith, R. G., Diano, S., Tschöp, M., Pronchuk, N., 
& Grove, K. L., et al. (2003). The distribution and mechanism 
of action of ghrelin in the CNS demonstrates a novel hypo-
thalamic circuit regulating energy homeostasis. Neuron, 37(4), 
649–661. [DOI:10.1016/S0896-6273(03)00063-1] [PMID]

Darbandi, N., Rezayof, A., & Zarrindast, M. R. (2008). Modulation 
of morphine-state dependent learning by muscarinic choliner-
gic receptors of the ventral tegmental area. Physiology and Behav-
ior, 94(4), 604–610. [DOI:10.1016/j.physbeh.2008.04.001] [PMID]

Davis, J. F., Choi, D. L., Clegg, D. J., & Benoit, S. C. (2011). Signal-
ing through the ghrelin receptor modulates hippocampal func-
tion and meal anticipation in mice. Physiology & Behavior, 103(1), 
39–43. [DOI:10.1016/j.physbeh.2010.10.017] [PMID] [PMCID]

de Kloet, E. R., Oitzl, M. S., & Joëls, M. (1999). Stress and cognition: 
Are corticosteroids good or bad guys? Trends in Neurosciences, 
22(10), 422–426. [DOI:10.1016/S0166-2236(99)01438-1] [PMID]

Diano, S., Farr, S. A., Benoit, S. C., McNay, E. C., da Silva, I., & 
Horvath, B., et al. (2006). Ghrelin controls hippocampal spine 
synapse density and memory performance. Nature Neurosci-
ence, 9(3), 381–388. [DOI:10.1038/nn1656] [PMID]

Engel, J. A., Nylander, I., & Jerlhag, E. (2015). A ghrelin receptor 
(GHS-R1A) antagonist attenuates the rewarding properties of 
morphine and increases opioid peptide levels in reward areas 
in mice. European Neuropsychopharmacology, 25(12), 2364–2371. 
[DOI:10.1016/j.euroneuro.2015.10.004] [PMID]

Eslami, M., Sadeghi, B., & Goshadrou, F. (2018). Chronic ghrelin 
administration restores hippocampal long‐term potentiation 
and ameliorates memory impairment in rat model of Alzhei-
mer’s disease. Hippocampus, 28(10), 724–734. [DOI:10.1002/
hipo.23002] [PMID]

Farzin, M., Jafarzade, P., Faraji, N., Mousavi, SM., Yousefi, M., 
(2021). Investigating the effect of ghrelin on improving mem-
ory and learning ability in animals: A systematic review. Jour-
nal of Current Biomedical Reports, 2(2), 1-5. [DOI:10.52547/
JCBioR.2.2.69]

Ferrini, F., Salio, C., Lossi, L., & Merighi, A. (2009). Ghrelin in 
central neurons. Current Neuropharmacology, 7(1), 37–49. [DOI:
10.2174/157015909787602779] [PMID] [PMCID]

Ghasemzadeh, Z., & Rezayof, A. (2017). Neuromodulatory ef-
fects of the dorsal hippocampal endocannabinoid system 
in dextromethorphan/morphine-induced amnesia. Euro-
pean Journal of Pharmacology, 794, 100–105. [DOI:10.1016/j.
ejphar.2016.11.025] [PMID]

Ghasemzadeh, Z., & Rezayof, A. (2016). Role of hippocampal 
and prefrontal cortical signaling pathways in dextrometho-
rphan effect on morphine-induced memory impairment 
in rats. Neurobiology of Learning and Memory, 128, 23–32.
[DOI:10.1016/j.nlm.2015.11.015] [PMID]

Ghasemzadeh, Z., & Rezayof, A. (2018). Medial prefrontal 
cortical cannabinoid CB1 receptors mediate morphine-dex-
tromethorphan cross state-dependent memory: The involve-
ment of BDNF/cFOS Signaling pathways. Neuroscience, 393, 
295–304. [DOI:10.1016/j.neuroscience.2018.10.012] [PMID]

Guan, X. M., Yu, H., Palyha, O. C., McKee, K. K., Feighner, S. D., 
& Sirinathsinghji, D. J., et al., (1997). Distribution of mRNA 
encoding the growth hormone secretagogue receptor in 
brain and peripheral tissues. Brain Research. Molecular Brain 
Research, 48(1), 23–29.[DOI:10.1016/S0169-328X(97)00071-5] 
[PMID]

Hallanger, A. E., & Wainer, B. H. (1988). Ascending projections 
from the pedunculo-pontine tegmental nucleus and the adja-
cent mesopontine tegmentum in the rat. The Journal of Compar-
ative Neurology, 274(4), 483–515. [DOI:10.1002/cne.902740403] 
[PMID]

Kim, C., Kim, S., & Park, S. (2017). Neurogenic effects of ghrelin 
on the hippocampus. International Journal of Molecular Sciences, 
18(3), 588. [DOI:10.3390/ijms18030588] [PMID] [PMCID]

Darbandi., et al. (2023). Septal Nicotinic and Ghrelin Receptors Interaction With Morphine Memory. BCN, 14(3), 365-374

http://bcn.iums.ac.ir/
https://doi.org/10.1113/EP085015
https://doi.org/10.1113/EP085015
https://www.ncbi.nlm.nih.gov/pubmed/26079093
https://doi.org/10.1016/j.neuroscience.2013.04.030
https://doi.org/10.1016/j.neuroscience.2013.04.030
https://www.ncbi.nlm.nih.gov/pubmed/23624371
https://doi.org/10.3389/fnbeh.2015.00060
https://doi.org/10.3389/fnbeh.2015.00060
https://www.ncbi.nlm.nih.gov/pubmed/25814942
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4357306
https://pubmed.ncbi.nlm.nih.gov/12510868/
https://doi.org/10.1373/clinchem.2005.065243
https://www.ncbi.nlm.nih.gov/pubmed/16595837
https://doi.org/10.1038/nn.3304
https://www.ncbi.nlm.nih.gov/pubmed/23354386
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4079500
https://doi.org/10.3390/ijms18030638
https://doi.org/10.3390/ijms18030638
https://www.ncbi.nlm.nih.gov/pubmed/28294994
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372651
https://doi.org/10.1038/sj.npp.1300848
https://doi.org/10.1038/sj.npp.1300848
https://www.ncbi.nlm.nih.gov/pubmed/16123766
https://doi.org/10.1016/j.bbrc.2003.11.150
https://www.ncbi.nlm.nih.gov/pubmed/14697239
https://doi.org/10.1111/j.1460-9568.2010.07491.x
https://www.ncbi.nlm.nih.gov/pubmed/21219473
https://doi.org/10.1016/S0896-6273(03)00063-1
https://www.ncbi.nlm.nih.gov/pubmed/12597862
https://doi.org/10.1016/j.physbeh.2008.04.001
https://www.ncbi.nlm.nih.gov/pubmed/18479719
https://doi.org/10.1016/j.physbeh.2010.10.017
https://www.ncbi.nlm.nih.gov/pubmed/21036184
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3041863
https://doi.org/10.1016/S0166-2236(99)01438-1
https://www.ncbi.nlm.nih.gov/pubmed/10481183
https://doi.org/10.1038/nn1656
https://www.ncbi.nlm.nih.gov/pubmed/16491079
https://doi.org/10.1016/j.euroneuro.2015.10.004
https://www.ncbi.nlm.nih.gov/pubmed/26508707
https://doi.org/10.1002/hipo.23002
https://doi.org/10.1002/hipo.23002
https://www.ncbi.nlm.nih.gov/pubmed/30009391
https://jcbior.com/index.php/JCBioR/article/view/76
https://jcbior.com/index.php/JCBioR/article/view/76
https://doi.org/10.2174/157015909787602779
https://doi.org/10.2174/157015909787602779
https://www.ncbi.nlm.nih.gov/pubmed/19721816
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2724662
https://doi.org/10.1016/j.ejphar.2016.11.025
https://doi.org/10.1016/j.ejphar.2016.11.025
https://www.ncbi.nlm.nih.gov/pubmed/27867000
https://doi.org/10.1016/j.nlm.2015.11.015
https://www.ncbi.nlm.nih.gov/pubmed/26708494
https://doi.org/10.1016/j.neuroscience.2018.10.012
https://www.ncbi.nlm.nih.gov/pubmed/30326290
https://doi.org/10.1016/S0169-328X(97)00071-5
https://www.ncbi.nlm.nih.gov/pubmed/9379845
https://doi.org/10.1002/cne.902740403
https://www.ncbi.nlm.nih.gov/pubmed/2464621
https://doi.org/10.3390/ijms18030588
https://www.ncbi.nlm.nih.gov/pubmed/28282857
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372604


Basic and Clinical

374

May & June 2023, Volume 14, Number 3

Khakpai, F., Nasehi, M., Haeri-Rohani, A., Eidi, A., & Zarrindast, 
M. R. (2013). Septo- hippocampo-septal loop and memory 
formation. Basic and Clinical Neuroscience, 4(1), 5–23. [PMID]

Kitanaka, J., Kitanaka, N., Hall, F. S., Fujii, M., Goto, A., & Kanda, 
Y., et al. (2015). Memory impairment and reduced exploratory 
behavior in mice after administration of systemic morphine. 
Journal of Experimental Neuroscience, 9, 27–35.[DOI:10.4137/
JEN.S25057] [PMID] [PMCID]

Lu, C. B., Li, C. Z., Li, D. L., & Henderson, Z. (2013). Nicotine in-
duction of theta frequency oscillations in rodent medial septal 
diagonal band in vitro. Acta Pharmacologica Sinica, 34(6), 819–
829. [DOI:10.1038/aps.2012.198] [PMID] [PMCID]

Mir, J. F., Zagmutt, S., Lichtenstein, M. P., García-Villoria, J., We-
ber, M., & Gracia, A., et al. (2018). Ghrelin causes a decline in 
GABA release by reducing fatty acid oxidation in cortex. Mo-
lecular Neurobiology, 55(9), 7216–7228. [DOI:10.1007/s12035-
018-0921-3] [PMID] [PMCID]

Muniz, B. G., & Isokawa, M. (2015). Ghrelin receptor activity 
amplifies hippocampal NMDA receptor-mediated postsyn-
aptic currents and increases phosphorylation of GluN1 subu-
nit at Ser 896 and Ser 897. The European Journal of Neuroscience, 
42(12), 3045–3053.[DOI:10.1111/ejn.13107] [PMID] [PMCID]

Müller, C., & Remy, S. (2018). Septo-hippocampal interaction. 
Cell and Tissue Research, 373(3), 565–575. [DOI:10.1007/s00441-
017-2745-2] [PMID] [PMCID]

Müller, T. D., Nogueiras, R., Andermann, M. L., Andrews, Z. 
B., Anker, S. D., & Argente, J., et aL. (2015). Ghrelin. Mo-
lecular Metabolism, 4(6), 437–460. [DOI:10.1016/j.mol-
met.2015.03.005] [PMID]

Nazari-Serenjeh, F., Darbandi, N., Majidpour, S., & Moradi, 
P. (2019). Ghrelin modulates morphine-nicotine interac-
tion in avoidance memory: Involvement of CA1 nicotinic 
receptors. Brain Research, 1720, 146315. [DOI:10.1016/j.brain-
res.2019.146315] [PMID]

Nuñez, A., & Buño, W. (2021). The theta rhythm of the hip-
pocampus: From neuronal and circuit mechanisms to behav-
ior. Frontiers in Cellular Neuroscience, 15, 649262. [DOI:10.3389/
fncel.2021.649262] [PMID] [PMCID]

Palotai, M., Bagosi, Z., Jászberényi, M., Csabafi, K., Dochnal, R., 
& Manczinger, M., et al.(2013). Ghrelin and nicotine stimu-
late equally the dopamine release in the rat amygdala. Neu-
rochemical Research, 38(10), 1989–1995. [DOI:10.1007/s11064-
013-1105-1] [PMID]

Palotai, M., Bagosi, Z., Jászberényi, M., Csabafi, K., Dochnal, 
R., & Manczinger, M., et al. (2013). Ghrelin amplifies the 
nicotine-induced dopamine release in the rat striatum. Neu-
rochemistry International, 63(4), 239–243. [DOI:10.1016/j.neu-
int.2013.06.014] [PMID]

Paxinos, G., Watson, C., 2007. The rat brain in stereotaxic coordi-
nates. San Diego: Academic Press. [Link]

Ramshini, E., Alaei, H., Reisi, P., Naghdi, N., Afrozi, H., & Alaei, 
S., et al. (2019). Effect of intracerebroventricular injection of 
GABA receptors antagonists on morphine-induced changes 
in GABA and GLU transmission within themPFC: An in vivo 
microdialysis study. Iranian Journal of Basic Medical Sciences, 
22(3), 246–250. [PMID]

Reul, J. M., & de Kloet, E. R. (1985). Two receptor systems for 
corticosterone in rat brain: Microdistribution and differential 
occupation. Endocrinology, 117(6), 2505–2511. [DOI:10.1210/
endo-117-6-2505] [PMID]

Rezayof, A., Darbandi, N., & Zarrindast, M. R. (2008). Nico-
tinic acetylcholine receptors of the ventral tegmental area 
are involved in mediating morphine-state dependent learn-
ing. Neurobiology of Learning and Memory, 90(1), 255–260.
[DOI:10.1016/j.nlm.2008.03.004] [PMID]

Song, L., Zhu, Q., Liu, T., Yu, M., Xiao, K., & Kong, Q., et al. 
(2013). Ghrelin modulates lateral amygdala neuronal fir-
ing and blocks acquisition for conditioned taste aversion. 
PloS One, 8(6), e65422. [DOI:10.1371/journal.pone.0065422] 
[PMID] [PMCID]

SSeminara, R. S., Jeet, C., Biswas, S., Kanwal, B., Iftikhar, W., & 
Sakibuzzaman, M., et al. (2018). The neurocognitive effects 
of ghrelin-induced signaling on the hippocampus: A prom-
ising approach to alzheimer’s disease. Cureus, 10(9), e3285.
[DOI:10.7759/cureus.3285]

Sun, J. Y., Yang, J. Y., Wang, F., Wang, J. Y., Song, W., & Su, G. Y., 
et al. (2011). Lesions of nucleus accumbens affect morphine‐
induced release of ascorbic acid and GABA but not of gluta-
mate in rats. Addiction Biology, 16(4), 540–550. [DOI:10.1111/
j.1369-1600.2010.00244.x] [PMID]

Sustkova-Fiserova, M., Jerabek, P., Havlickova, T., Kacer, P., 
& Krsiak, M. (2014). Ghrelin receptor antagonism of mor-
phine-induced accumbens dopamine release and behavioral 
stimulation in rats. Psychopharmacology, 231(14), 2899–2908.
[DOI:10.1007/s00213-014-3466-9] [PMID]

Tavassoli, M., & Ardjmand, A. (2020). Pentylenetetrazol and 
morphine interaction in a state-dependent memory model: 
Role of CREB signaling. Basic and Clinical Neuroscience, 11(4), 
557–572. [DOI:10.32598/bcn.11.4.1482.1] [PMID] [PMCID]

Yadegary, A., Nazari-Serenjeh, F., & Darbandi, N. (2020). Syn-
ergistic improvement e ffect of nicotine-ghrelin co-injection 
into the anterior ventral tegmental area on morphine- in-
duced amnesia. Neuropeptides, 80, 102025. [DOI:10.1016/j.
npep.2020.102025] [PMID]

Zallar, L. J., Farokhnia, M., Tunstall, B. J., Vendruscolo, L. F., 
& Leggio, L. (2017). The role of the ghrelin system in drug 
addiction. International Review of Neurobiology, 136, 89–119.
[DOI:10.1016/bs.irn.2017.08.002] [PMID]

Zhao, Z., Liu, H., Xiao, K., Yu, M., Cui, L., & Zhu, Q., et al. (2014). 
Ghrelin administration enhances neurogenesis but impairs 
spatial learning and memory in adult mice. Neuroscience, 257, 
175–185. [DOI:10.1016/j.neuroscience.2013.10.063] [PMID]

Zigman, J. M., Jones, J. E., Lee, C. E., Saper, C. B., & Elmquist, J. 
K. (2006). Expression of ghrelin receptor mRNA in the rat and 
the mouse brain. The Journal of Comparative Neurology, 494(3), 
528–548. [DOI:10.1002/cne.20823] [PMID] [PMCID]

Darbandi., et al. (2023). Septal Nicotinic and Ghrelin Receptors Interaction With Morphine Memory. BCN, 14(3), 365-374

http://bcn.iums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/25337323/
https://doi.org/10.4137/JEN.S25057
https://doi.org/10.4137/JEN.S25057
https://www.ncbi.nlm.nih.gov/pubmed/25987850
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4428380
https://doi.org/10.1038/aps.2012.198
https://www.ncbi.nlm.nih.gov/pubmed/23524566
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4002888
https://doi.org/10.1007/s12035-018-0921-3
https://doi.org/10.1007/s12035-018-0921-3
https://www.ncbi.nlm.nih.gov/pubmed/29396649
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6096967
https://doi.org/10.1111/ejn.13107
https://www.ncbi.nlm.nih.gov/pubmed/26490687
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4715523
https://doi.org/10.1007/s00441-017-2745-2
https://doi.org/10.1007/s00441-017-2745-2
https://www.ncbi.nlm.nih.gov/pubmed/29250747
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6132648
https://pubmed.ncbi.nlm.nih.gov/26042199/
https://doi.org/10.1016/j.brainres.2019.146315
https://doi.org/10.1016/j.brainres.2019.146315
https://www.ncbi.nlm.nih.gov/pubmed/31260652
https://doi.org/10.3389/fncel.2021.649262
https://doi.org/10.3389/fncel.2021.649262
https://www.ncbi.nlm.nih.gov/pubmed/33746716
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7970048
https://doi.org/10.1007/s11064-013-1105-1
https://doi.org/10.1007/s11064-013-1105-1
https://www.ncbi.nlm.nih.gov/pubmed/23836294
https://doi.org/10.1016/j.neuint.2013.06.014
https://doi.org/10.1016/j.neuint.2013.06.014
https://www.ncbi.nlm.nih.gov/pubmed/23831084
https://books.google.com/books?id=xwU4XwAACAAJ&dq=The%20Rat%20Brain%20in%20Stereotaxic%20Coordinates&source=gbs_book_other_versions
https://pubmed.ncbi.nlm.nih.gov/31156783/
https://doi.org/10.1210/endo-117-6-2505
https://doi.org/10.1210/endo-117-6-2505
https://www.ncbi.nlm.nih.gov/pubmed/2998738
https://doi.org/10.1016/j.nlm.2008.03.004
https://www.ncbi.nlm.nih.gov/pubmed/18440834
https://doi.org/10.1371/journal.pone.0065422
https://www.ncbi.nlm.nih.gov/pubmed/23762368
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3676403
https://doi.org/10.7759/cureus.3285
https://doi.org/10.1111/j.1369-1600.2010.00244.x
https://doi.org/10.1111/j.1369-1600.2010.00244.x
https://www.ncbi.nlm.nih.gov/pubmed/20731632
https://doi.org/10.1007/s00213-014-3466-9
https://www.ncbi.nlm.nih.gov/pubmed/24531567
https://doi.org/10.32598/bcn.11.4.1482.1
https://www.ncbi.nlm.nih.gov/pubmed/33613894
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878041
https://doi.org/10.1016/j.npep.2020.102025
https://doi.org/10.1016/j.npep.2020.102025
https://www.ncbi.nlm.nih.gov/pubmed/32029269
https://doi.org/10.1016/bs.irn.2017.08.002
https://www.ncbi.nlm.nih.gov/pubmed/29056157
https://doi.org/10.1016/j.neuroscience.2013.10.063
https://www.ncbi.nlm.nih.gov/pubmed/24211302
https://doi.org/10.1002/cne.20823
https://www.ncbi.nlm.nih.gov/pubmed/16320257
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4524499

