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Review Article

Introduction

T he plant Cannabis sativa is commonly known as cannabis 
or marijuana which comprises about 60 terpenophenolic 
compounds, generally known as part of the group of 

plants, cannabinoids. For hundreds of years, Marijuana has been 
used all over the world for both medical and recreational purposes. 
While it has been known to have both positive and negative side 
effects, it does entail certain alarming side effects. The positive 
side effects generally cause relaxation, stress relief and a sense of 
calmness. On the other hand, the negative side effects have been 
known to include nausea, sickness, vomiting, dizziness and 
headaches.1 Furthermore, cannabis can also produce a sense of 
euphoria, lethargy, confusion, depersonalization, altered time 
sense, impaired motor performance, memory defects, paranoia, 
depression, fear, anxiety and hallucinations.1

The endogenous cannabinoid system has been already widely 
recognized, and many researchers have expanded and researched 

cannabinoids.2 

in humans and other animals, namely, CB1, CB2 and CB3 
receptors.3–5 The CB1 receptor is associated with mediating and its 
effects are focused mainly on memory and cognitive functioning 
regions of the brain. The CB2 receptors are not known to be 
associated with any cannabinoid-related cognitive effects of the 
brain so far.6 Both CB1 and CB2 cannabinoid receptors have been 

as there are other known receptor subtypes. Both the CB1 and 

exogenous cannabinoid compounds, which in themselves include 
7 The cannabinoid receptors 

cortex, hippocampus, amygdala, basal ganglia, cerebellum, and 
the emetic centers of the brain stem which are responsible for an 
individual’s behavior. Alternatively in other regions of the brain, 
lower levels are found for example in the thalamus, pons, and the 
rest of the brainstem.8 CB1 receptors also occur at low to moderate 
levels in the nucleus accumbens. In this region, CB1 receptors 
have a similar pattern to that of the striatum. CB1 receptors can 
be found on terminals inside the glutamatergic prefrontal cortex 
accumbens within the pathways.9

Pharmacologically, the endocannabinoid system acts in such a 
way that it will affect the neurotransmission systems including: 
gamma-aminobutyric acid (GABA), glutamate, the main biogenic 
amines (dopamine, noradrenaline and serotonin), acetylcholine 
and opioids. Each CB1 brain receptor regulates the activation 
or deactivation of these neurotransmitter systems differently 
in various regions of the brain. However, the majority of the 
research conducted has dealt with the hippocampus and nucleus 
accumbens.10
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New information has been recently uncovered related to 
serotonin’s effects on behavior. Throughout the past few decades, 
researchers have become more aware of the various effects 
serotonin has on behavior and further investigated into the matter. 
There has been vast development regarding certain drugs and 
their action on the serotonergic system of the brain, allowing 
progressive treatment for depression, anxiety, appetite regulation, 
and post-traumatic stress disorders. Many have investigated the 
level and role of serotonin in emotional states and behavior.11 At 

various effects on behavior. Recent studies have created a sense 
of empathy from researchers in the role of serotonin’s cognitive 
functions which directly affect the memory and learning region 
of the brain.12–16 The serotonin receptor subtypes which have been 

1, 5-HT2, 5-HT3, 5-HT4, 5-HT6, and 
5-HT7 .

12,15

the effects of serotonin agonists on the particular region of 

the notion that no direct link exists between the agonist 5-HT1A 
receptor subtype, and its proposed adverse effect of causing 
learning impairment.11

Through the research conducted, the results suggest the 
notion that behavioral adaptation to stress is accompanied by 
sensitization of 5-HT1A-mediated neurotransmission17 and that 
it causes an increase in the appearance of this receptor in the 
brain, which is associated with reducing anxiety-like behaviors.18 

5-HT1A receptors protects animals against various emotional and 
behavioral changes, which can be triggered by stressful stimuli, 
possibly by putting into place mechanisms which would be 
involved in the ability to cope with stressful situations.

The nucleus accumbens can be divided into two main sections; 
the core and shell. There is a greater quantity of 5-HT synapses 
in the NAc shell, and there are further incidents of synaptic 
contacts in the NAc shell compared to the core.19 Mutually, 
the core and shell sub-regions of the NAc produce a heavier 
serotonergic innervation than that of the raphe nucleus,20 whereas 
in the 5-HT-labeled axon terminals inside the shell, there are 
frequently formed synaptic contacts of symmetric variety, which 
are comparative to the 5-HT-labeled axon terminals in the core 
region.21 Inside the NAc shell, the 5-HT-containing axon terminals 
are usually formed symmetrically in the inhibitory form and 
synapses with GABAergic neurons and its targets. This indicates 
a neuromodulatory function (largely inhibition) for the 5-HT on 
GABAergic neurons produced inside the NAc shell.20

Based on previous data, this study addresses the serotonergic 
system effects and its interactions with cannabinoids and the 

Materials and Methods

Subjects
Male Wistar rats (Tehran University of Medical Sciences, 

Tehran, Iran) weighing 250 g – 300 g (2 – 3 months) upon surgery, 

room (22 ± 2°C) under standard laboratory conditions, with free 
access to food and water, with a 12-h light/12-h dark cycle (lights 
on at 7:00 AM). Each animal was used once only. Eight animals 
were used in each group of experiments. The experiments were 
carried out during the light phase of the cycle. Animals’ treatment 

and maintenance were conducted in accordance with the Principles 
of Laboratory Animal Care (NIH publication No. 85–23, revised 
1985) as well as the Animal Care and Use Guidelines of Tehran 
University of Medical Sciences. 

Drugs
CB1 cannabinoid receptor agonist (Arachidonoyl 

cyclopropamide, ACPA), 5-HT1 receptor agonist (CP94253 HCL) 
and 5-HT1 receptor antagonist (GR127935 HCL) were dissolved 
in saline solution (0.9%). These drugs were supplied by Tocris, 
Biosciences, UK. Control animals received saline. 

Elevated plus-maze (EPM) apparatus
An EPM was used made of Plexiglas and consisting of two 

opposite open-arms (50 × 10 cm) surrounded by a 1 cm high 
ledge, and two enclosed-arms (50 × 10 × 40 cm). The maze was 

(central platform) measured 10 × 10 cm.22–24 

Stereotactic surgery and drug infusion
Rats were intraperitoneally anesthetized using ketamine 

hydrochloride 10% (Alfasan, Woerden, Holland; 50 mg/kg) 
plus xylazine 2% (Alfasan, Woerden, Holland; 4 mg/kg) then 
positioned in a stereotactic frame. The upper incisor bar was 
set at 3.3 mm below the intermural line so that the skull aligned 
horizontally between bregma and lambda. Two unilateral guide-
cannulae (through which an injection cannula could be inserted 
for drugs, saline or vehicle applications, 5 – 7 days later) were 
stereotaxically implanted over the left and right Acb shell. Taking 
bregma as the reference point, the coordinates for the Acb shell 
were AP = +1.7 mm, ML = ±0.8 mm and DV = 5.9 mm, according 
to the atlas of Paxinos and Watson.25

the skull by means of acrylic resin and two stainless steel screws. 
By the end of surgery, a stylet was introduced inside each guide 
cannula to prevent possible occlusion. After surgery, the rats were 
placed again in their home cages in groups of four, similar to 
before surgery. Five to seven days post-surgery, the rats received a 
bilateral infusion into the Acb shell using dental needles (27-gauge) 
introduced through guide cannulae. The injection needles were 
advanced until their tips reached 1 or 2 mm below the cannulae’s 

A polyethylene catheter was interposed between the upper end of 
dental needles and the microsyringes. The displacement of an air 
bubble inside the polyethylene catheter was used to monitor the 

after the completion of injection.

General conditions and data collection
In the present study, EPM test-retest method was chosen 

to investigate anxiety and the acquisition learning process. 
Recent studies have shown that using the test-retest sessions in 
the EPM results in a qualitative shift in emotional state. Thus, 
unconditioned fear in the test session would possibly transform to 
learned avoidance during the retest.26,27 In our study, animals were 
given a post-test intracerebral drug injection. Thus, drug effects 
on consolidation of memory formation with the subsequent 
long-term effects on memory.28,29 In general, reduced open-arms 
exploratory behaviors of saline or vehicle-treated groups during 
retest session, indicate aversive learning associated with the initial 
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exploration of this potentially dangerous environment.30

All experiments were carried out in a minimally illuminated 
(40-lux) room, during the diurnal phase, between 9:00 AM and 
15:00 PM. Five minute EPM sessions were recorded using a 
video camera while a monitor and a DVD-recording system 
were installed in the adjacent room. After each EPM session, the 
apparatus was cleaned and towel dried to avoid urine impregnation. 
The numbers of open- (OAE) and enclosed-arms entries (EAE, an 
EPM index of general exploratory activity) with the four paws, as 
well as the time spent in open arms (OAT) were recorded. Raw 
data were used to calculate the percentage of time spent in open-

numbers of open-arms entries/locomotion) ×100] .22,31 

 
Upon concluding each experiment, the rats were deeply 

anesthetized and 1% Methylene Blue solution was injected into 

animal was then decapitated, its brain removed and placed in 
10% formalin solution. After 12 – 14 days, the brains were sliced 

Paxinos.25 Data from rats with cannulae placements outside the 
intended sites were excluded from the statistical analyses.

Statistical analysis
The data were analyzed by repeated measure analysis of variance 

(ANOVA) for test and retest sessions and expressed as mean ± 

F-values were obtained in the ANOVA. Values of P < 0.05 were 

Experimental design

agents on open-arms exploratory-like behaviors
To examine whether the microinjection of drugs into the Acb 

shell involves in memory, the drugs were infused post EPM 
testing. In this experiment, 8 groups of animals received saline 
(0.3 μL/side), CP94253 (5-HT1 receptor agonist; 0.05, 0.5 and 
5 ng/rat), GR127935 (5-HT1 receptor antagonist; 0.05, 0.5 and 5 
ng/rat) immediately after testing. The treated groups were retested 
in the EPM 24 h later, undrugged.

-
ceptor agonist) on open-arms exploratory-like behaviors

To test the possible involvement of ACPA in memory, the drug 
was infused after EPM testing. In this experiment, ACPA (0.0002, 
0.002, 0.02 and 0.2 μg/rat) was administered immediately after 
testing. The treated groups were retested in the EPM 24 h later, 
undrugged.

agonists/antagonists on ACPA-induced open-arms exploratory-like 
behaviors 

In order to assess the possible interaction between 5-HT1 Acb 
shell receptors upon ACPA-induced exploratory-like behaviors, 
drugs were administered after the EPM testing session. In this 
experiment, 8 groups of animals received saline (0.3 μg/side) and 
the subthreshold dose of CP94253 (0.05 ng/rat), GR127935 (0.05 

ng/rat) as intra-Acb shell microinjection, immediately after testing 
session. In addition, all these animals received the subthreshold or 
effective doses of ACPA (0.0002, 0.002, 0.02, and 0.2 μg/rat). The 
treated groups were retested in the EPM 24 h later, undrugged.

Results

Results from the experiment 1

open-arms exploratory-like behaviors
Repeated measure and post-hoc analysis showed that intra-Acb 

shell injection of CP94253 at applied doses increased %OAT and 
%OAE, while it did not alter %EAE on retest day compared to the 
control group, suggesting that CP94253 at applied doses (0.5 and 
5 ng/rat) decreased aversive memory acquisition (Figure 1). All 
experimental repeated measure results are summarized in Table 
1 and Figure 1.

arms exploratory-like behaviors
According to repeated measure and post-hoc analysis, only 

the higher dose of GR127935 treatment on testing day led to 
increased %OAT and %OAE, but it did not alter %EAE on retest 

that only the higher dose GR127935 induces aversive memory 

summarized in Table 2 and Figure 1. 

Results from the experiment 2

arms exploratory-like behaviors.
Repeated measure and post-hoc analysis showed that intra-Acb 

shell injection of ACPA (0.2 μg/rat) increased %OAT (Figure 
2, panel 1A) and %OAE (Figure 2, panel 1B), but did not alter 
%EAE (Figure 2,  panel 1C) upon retest compared to the own 
control group, suggesting that the higher dose of ACPA impairs 
aversive memory acquisition. All experimental repeated measure 
results are demonstrated in Table 3 and Figure 2. 

Results of experiment 3

by ACPA
Two-way ANOVA and post-hoc analysis showed that intra-Acb 

shell injection of the subthreshold dose CP94253 or GR127935 
did not alter %OAT (Figure 2, panel 2A for CP94253 and panel 
3A for GR127935), %OAE (Figure 2, panel 2B for CP94253 
and panel 3B for GR127935) or %EAE (Figure 2, panel 2C for 
CP94253 and panel 3C for GR127935) already induced by ACPA 
on retest day compared to their respective groups, indicating that 
CP94253 and GR127935 did not alter ACPA-induced amnesia. 
All experimental Two-Way ANOVA results are demonstrated in 
Table 4 for CP94253 and Table 5 for GR127935.

Discussion

Effect of intra-Acb shell ACPA on open-arms exploratory behav-
iors in naive rat subjected to EPM 

Recent research results suggest that the effects of intra-Acb shell 
infusion of selective CB1 cannabinoid receptor agonist ACPA, 
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Experiments Behaviors Inter-Group Intra-Group Intra- Inter Group
interaction

Final results conclusion 
for each experiment

Repeated measure analysis results 
for CP94253 microinjection into the 
Acb shell

F P F P F P
The data showed that the 
higher doses of CP94253 
induced amnesia

%OAT 10.1 P < 0.001 6.994 P < 0.001 3.54 P < 0.05

%OAE 7.06 P < 0.001 3.941 P < 0.05 2.84 P < 0.05

%EAE 1.810 P > 0.05 2.999 P > 0.05 0.209 P > 0.05

Table 1. P s.

Figure 1.

P 

Experiments Behaviors Inter-Group Intra-Group Intra- Inter Group
interaction

Final results conclusion for 
each experiment

Repeated measure analysis results for 
GR127935 microinjection into the 
Acb shell

F P F P F P
The data showed that the 
higher doses of GR127935 
induced amnesia

%OAT 4.099 P < 0.05 4.540 P < 0.05 0.487 P > 0.05
%OAE 3.02 P < 0.05 2.94 P < 0.05 2.132 P > 0.05
%EAE 0.009 P > 0.05 1.690 P > 0.05 1.164 P > 0.05

Table 2. P . 
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Figure 2. panel 1)
panel 2 panel 3 

P panel 1 P P < 

Experiments Behaviors Intra-Group Inter-Group Intra- Inter Group
interaction

Final results conclusion for each 
experiment

Repeated measure analysis 
results for microinjection of 
ACPA into AcShell

F P F P F P

The data showed that the higher doses 
of ACPA induced anxiolytic-like 
behaviors and amnesia

%OAT 4.945 P < 0.05 3.378 P < 0.05 3.544 P < 0.05

%OAE 12.508 P < 0.001 3.51 P < 0.05 3.97 P < 0.05

%EAE 2.263 P > 0.05 0.947 P > 0.05 1.746 P > 0.05

Table 3. P . 
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emerge into retest session. These results indicate an impairment 
of aversive memory acquisition in ACPA-treated animals after 

cannabinoids are anxiolytics and can adjust the behavioral 
and physiological response when encountering any stressful 
conditions.32,33 

of cannabis on cognitive processes, many researchers have been 
motivated to investigate the effects of cannabinoids on synaptic 

(LTP). Cannabinoids have been known to directly affect the LTP 

that are involved in the process.1 Cannabinoids have been shown 
to impair memory in rats, mice and monkeys, as demonstrated 
in various types of experimental conditions such as radial maze, 
instrumental discrimination tasks, Morris water maze, etc.34 More 
explicit research has revealed that the CB1 receptor antagonist 
(SR141716A) could antagonize the effect of the CB1 receptor. 
Thus, this is the reason why experiments involving cannabinoid 
receptors and its effect are visibly more apparent and easier to 
distinguish.34 Methodically, administration of cannabinoid 
receptor agonists (WIN 55212-2 and CP55940) increased the 
open arms time in the EPM in mice (i.e., an anxiolytic response); 
however, only at low administered doses. On the other hand, 
Tetrahydrocannabinol (THC) decreases the open arms time in a 
dose-dependent manner.35 In addition, systemic administration 
of SR141716 and AM251 CB1 receptor antagonists reduced the 
open arms time.

Cannabinoid receptor activation has different effects on learning 
and memory, and these reactions all depend on the nature of the 
task, region of the brain and the stage in memory.36 In a given task, 
Cannabinoid agonists may cause impairments to the emotional 
(or aversive) and rewarding memory-related processes, damaging 
relatable areas of the brain and sections related to memory stage-

other studies which imply exogenous acute cannabinoid treatment 
can be the cause of various outcomes depending on task aversion 

37,38

Effect of intra-Acb shell administration of 5-HT1 agents on AC-
PA-induced open-arms exploratory behavior 

From the collective data analysis, it was discovered that intra-
Acb shell infusion of CP94253 (5-HT1 receptor agonist) and 
GR127935 (5-HT1 receptor antagonist) given at a higher dose, 
could alter the impaired emotional memory of the subject. On 

threshold dose of CP94253 and GR127935 in Acb shells did not 
alter the ACPA-induced did not impair aversive memory.

Other experimental studies have implied that 5-HT1AR and 
5-HT1BR signaling play a role in acquisition and retrieval of 

that this receptor plays any role in the consolidation of learning. 
Nevertheless, studies have found that acquisition of new learning 
in behavioral tasks was increased when accompanied by repetitive 
motivation through pre-training and the administration of a 
5-HT1A  39

In certain regions of the brain, such as areas which deal with 
cognitive processes, the 5-HT1B and 5-HT1D receptors are 
more active.40

the neurochemical and electrophysiological method, that 
this stimulation mediates 5-HT release in structures which 
are associated with cognitive processes.41 It has been found 
that the presynaptic 5-HT1B receptor stimulation decreases 
learning consolidation, whilst the postsynaptic 5-HT1B receptor 
stimulation makes the process easier. The conclusion drawn from 

learning consolidation, through helping the interaction of 5-HT 
with various 5-HT postsynaptic receptors, such as the 5-HT1B/1D 
subtype .14  

The 5-HT1B heteroreceptors prevent the release of a variety of 
different neurotransmitters related to the kind of neurons that 
demonstrate them. Systemic use of 5-HT1B receptor agonists 

effects on behavior following this process include: increased 
locomotion, alterations in brain reward mechanisms and reduction 
in aggression. However, selective antagonists could comprise 
precognitive potential to some extent.42,43

Experiments Behaviors Inter-Group Intra-Group Intra- Inter Group
interaction

Final results conclusion for each 
experiment

Two ANOVA results 
between panels 1 and 2 of 
Figure 2

F P F P F P

The drug of CP94253 into Acb 
shell did not alter amnesia like 
behavior induced by ACPA

%OAT 0.028 P > 0.05 5.077 P < 0.01 1.860 P > 0.05

%OAE 2.872 P > 0.05 1.632 P > 0.05 1.331 P > 0.05

%CAE 2.392 P > 0.05 1.737 P > 0.05 2.117 P > 0.05

Table 4. s.

Experiments Behaviors Intra-Group Inter-Group Intra- Inter Group
interaction

Final results conclusion for each 
experiment

Two ANOVA results 
between panel 1 and 3 of 
Figure 2

F P F P F P

The GR127935 into Acb shell did 
not alter amnesia like behavior 
induced by ACPA

%OAT 4.864 P < 0.01 3.285 P < 0.01 1.076 P > 0.05

%OAE 3.470 P < 0.01 5.534 P < 0.01 1.446 P > 0.05

%EAE 4.436 P < 0.01 5.528 P < 0.01 1.453 P > 0.05

Table 5. s.
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activated by agonists, and they either created only one signal 

Researchers proved that when agonists with different molecular 
structures combined with other receptors, creating a stable, 
unique and apparent ligand-receptor conformation. This process 
allows different interactions with downstream proteins and 

responses.
The 5-HT1B 

and memory regions of the brain. The administration of agonists 
shows signs of reduction in performance, although the antagonists 
and the knockout mouse improved performance in terms of 
learning and memory which could be a result of mechanisms 
involving modulation of cholinergic neurotransmission. It can 
be concluded from the combined research of recent studies 
that presynaptic 5-HT1B receptor motivation reduces learning 
consolidation; however, postsynaptic 5-HT1B receptor motivation 
may make this process easier to achieve.14

Although direct studies regarding the interactions of 
cannabinoidergic and serotonergic systems exhibit the accumbens 

serotonins in the mouse brain cortex. These receptors are possibly 
placed presynaptically and endogenous cannabinoids prevent their 
activation. The scale of inhibition is smaller than that achieved by 1) 
the other three presynaptic receptors on serotonergic neurons and 2) 
CB1 receptors on cholinergic neurons contained in the same tissue.44 

Cannabinoids regulate serotonergic neuronal activity in the 
NAcc. Conducted research indicates that cannabinoids may have 

neurons. The direct effects of cannabinoids are preventive, 
whereas the indirect effects via presynaptic circuits are excitatory. 
Regardless of the adverse effects, administration of WIN55 and 

NAcc of drug-naïve animals.45

associated with creating indirect effects in cannabinoids whilst 
the decrease creates a direct effect.46 

To conclude this paper, the endocannabinoidergic system 
may adjust serotonergic transmissions through two potential 

activity of afferents into serotonin-producing neurons47 and 
secondly, by directly modulating the functions of a distinct 
subset of serotonergic neurons.48 In relation to cannabinoidergic 
and serotonergic systems interactions, a number of studies have 
proposed the notion that cannabinoids and their receptor agonists 
such as anandamide and WIN55212-2, inhibit the uptake of 
serotonin into cortical synaptosomes, possibly through reducing 
the activity in the energy source, Na+/K+-ATPase.49 Hence, if a 
cannabinoid receptor agonist is used, this will cause the blockage 

serotonin levels in different regions of the brain.50

that, in the amounts administrated, the emotional memory was 
impaired, whilst when the interaction between agonists and 
antagonists serotonin and ACPA was applied, induced amnesia 
was not altered by the ACPA. Presumably, there may be other 
serotonergic receptors and/or neurotransmitters involved in this 
phenomenon resulting in the change in behavior which would 
also cause amnesia.

Author’s Contribution

M. Keramati Nojedehsadat contributed to the acquisition of 
animal data. M. R. Zarrindast were responsible for the study 
concept, design and assisted with data analysis and interpretation 

contributed to manuscript drafting and provided critical revision 
of the manuscript for important intellectual content. S. Oryan and 
V. Babapour contributed to edit of the manuscript. All authors 

publication.

  

Acknowledgments

The authors thank the Iran National Science Foundation (INSF) 

Reference

1. Riedel G, Davies SN. Cannabinoid function in learning, memory and 
plasticity. Handbook of Experimental Pharmacology. 2005; 445 – 
477.

2. Grotenhermen F. Cannabinoids. Current drug targets. CNS and 
Neurological Disorders. 2005; 4: 507 – 530.

3. Wiley JL, Selley DE, Wang P, Kottani R, Gadthula S, Mahadeven 
A. 3–Substituted pyrazole analogs of the cannabinoid type 1 (CB(1)) 
receptor antagonist rimonabant:  cannabinoid agonist–like effects 
in mice via non–CB(1), non–CB(2) mechanism. The Journal of 
Pharmacology and Experimental Therapeutics. 2012; 340: 433 – 444.

4. Iversen L. Cannabis and the brain. Brain. 2003; 126: 1252 – 1270.
5. Kawamura Y, Fukaya M, Maejima T, Yoshida T, Miura E, Watanabe 

M, et al. The CB1 cannabinoid receptor is the major cannabinoid 
receptor at excitatory presynaptic sites in the hippocampus and 
cerebellum. The Journal of Neuroscience. 2006; 26: 2991 – 3001.

6. Munro S, Thomas KL, Abu–Shaar M. Molecular characterization of 
a peripheral receptor for cannabinoids. Nature.  1993; 365: 61 – 65.

7. Abood ME. Molecular biology of cannabinoid receptors. Handb Exp 
Pharmacol. 2005; 168: 81 – 115.

8. Mackie K. Distribution of cannabinoid receptors in the central and 
peripheral nervous system. Handb Exp Pharmacol. 2005; 168: 299 
– 325.

9. Robbe D, Alonso G, Duchamp F, Bockaert J, Manzoni OJ. 
Localization and mechanisms of action of cannabinoid receptors at the 
glutamatergic synapses of the mouse nucleus accumbens. The Journal 
of Neuroscience. 2001; 21: 109 – 116.

10. Lopez–Moreno JA, Gonzalez–Cuevas G, Moreno G, Navarro M. 
The pharmacology of the endocannabinoid system:  functional and 
structural interactions with other neurotransmitter systems and their 
repercussions in behavioral addiction. Addiction Biology. 2008; 13: 
160 – 187.

11. Harvey JA. Role of the serotonin 5–HT(2A) receptor in learning. 
Learn Mem. 2003; 10: 355 – 362.

12. Barnes NM, Sharp T. A review of central 5–HT receptors and their 
function. Neuropharmacology. 1999; 38: 1083 – 1152

13. Harvey JA. Serotonergic regulation of associative learning. 
Behavioural Brain Research. 1996; 73: 47 – 50.

14. Meneses A. 5–HT system and cognition. Neuroscience and 
Biobehavioral Reviews. . 1999; 23: 1111 – 1125.

15. Meneses A. Tianeptine:  5–HT uptake sites and 5–HT(1–7) receptors 
modulate memory formation in an autoshaping Pavlovian/instrumental 
task. Neuroscience and Biobehavioral Reviews. 2002; 26: 309 – 319.

16. Williams GV, Rao SG, Goldman–Rakic PS. The physiological role of 
5–HT2A receptors in working memory. The Journal of neuroscience 

2002; 22: 2843 
– 2954

17. Samad N, Haleem DJ. Serotonin–1A receptor responsiveness in stress 
and following adaptation to stress. Pakistan Journal of Pharmaceutical 
Sciences. 2007; 20: 115 – 119.



Archives of Iranian Medicine, Volume 20, Number 3, March 2017192

18. Kusserow H, Davies B, Hortnagl H, Voigt I, Stroh T, Bert B, et al. 
Reduced anxiety–related behaviour in transgenic mice overexpressing 
serotonin 1A receptors. Brain Res Mol Brain Res. 2004; 129: 104 – 
116.

19. Di Chiara G, Bassareo V, Fenu S, De Luca MA, Spina L, Cadoni C, 
et al. Dopamine and drug addiction:  The nucleus accumbens shell 
connection. Neuropharmacology. 2004; 47 (Suppl 1): 227 – 241.

20. Van Bockstaele EJ, Chan J, Pickel VM. Pre–and postsynaptic sites 
for serotonin modulation of GABA–containing neurons in the shell 
region of the rat nucleus accumbens. The Journal of Comparative 
Neurology. 1996; 371: 116 – 128.

21. Van Bockstaele EJ, Pickel VM. Ultrastructure of serotonin–
immunoreactive terminals in the core and shell of the rat nucleus 
accumbens: Cellular substrates for interactions with catecholamine 
afferents. The Journal of Comparative Neurology. 1993; 334: 603 – 
617.

22. Eslimi D, Oryan S, Nasehi M, Zarrindast MR. Effects of opioidergic 
systems upon anxiolytic–like behaviors induced in cholestatic rats. 
European Journal of Pharmacology. 2011; 670: 180 – 185.

23. Zarrindast MR, Naghdi–Sedeh N, Nasehi M, Sahraei H, Bahrami F, 
Asadi F. The effects of dopaminergic drugs in the ventral hippocampus 
of rats in the nicotine–induced anxiogenic–ike response. Neuroscience 
Letters. 2010; 475: 156 – 160.

24. Kangarlu–Haghighi K, Oryan S, Nasehi M, Zarrindast MR. The effect 
of BLA  GABAA receptors in anxiolytic–like effect and aversive 

EXCLI Journal. 2015; 14: 613 – 
626

25. Paxinos G, Watson C. The Rat Brain in stereotaxic coordinates (6 ed). 
Academic Press. London, Uk. 2007.

26. Cruz – Morales SE, Santos NR, Brandao ML. One–trial tolerance to 
midazolam is due to enhancement of fear and reduction of anxiolytic–
sensitive behaviors in the elevated plus–maze retest in the rat. 
Pharmacology, Biochemistry, and Behavior. 2002; 72: 973 – 978.

27. Gianlorenco AC, Canto–de–Souza A, Mattioli R. Microinjection 
of histamine into the cerebellar vermis impairs emotional memory 
consolidation in mice. Brain Research Bulletin. 2011; 86: 134 – 138.

28. Carvalho MC, Albrechet–Souza L, Masson S, Brandao ML. Changes 
in the biogenic amine content of the prefrontal cortex, amygdala, 
dorsal hippocampus, and nucleus accumbens of rats submitted to 
single and repeated sessions of the elevated plus–maze test. Brazilian 
Journal of Medical and Biological Research. 2005; 38: 1857 – 1866.

29. Stern CA, Do Monte FH, Gazarini L, Carobrez AP, Bertoglio LJ. 
Activity in prelimbic cortex is required for adjusting the anxiety 
response level during the elevated plus–maze retest. Neuroscience. 
2010; 170: 214 – 222.

30. File SE. The interplay of learning and anxiety in the elevated plus–
maze. Behavioural Brain Research. 1993; 58: 199 – 202.

31. Casarrubea M, Sorbera F, Crescimanno G. Structure of rat behavior in 
hole–board: Multivariate analysis of response to anxiety. Physiology 
& Behavior. 2009; 96: 174 – 179.

32. Hill MN, Patel S, Campolongo P, Tasker JG, Wotjak CT, Bains JS. 
Functional interactions between stress and the endocannabinoid 
system:  From synaptic signaling to behavioral output. The Journal of 
Neuroscience. 2010; 30: 14980 – 14986.

33. Viveros MP, Marco EM, Llorente R, Lopez–Gallardo M. 
Endocannabinoid system and synaptic plasticity:  Implications for 

emotional responses. Neural Plast. 2007; 2007: 52908.
34. Castellano C, Rossi–Arnaud C, Cestari V, Costanzi M. Cannabinoids 

and memory:  Animal studies. CNS and Neurological Disorders. 
2003; 2: 389 – 402.

35. Patel S, Hillard CJ. Pharmacological evaluation of cannabinoid 
receptor ligands in a mouse model of anxiety:  Further evidence for an 
anxiolytic role for endogenous cannabinoid signaling. The Journal of 
Pharmacology and Experimental Therapeutics. 2006; 318: 304 – 311.

36. Segev A, Akirav I. Differential effects of cannabinoid receptor 
agonist on social discrimination and contextual fear in amygdala and 
hippocampus. Learn Mem. 2011; 18: 254 – 259.

37. Abush H, Akirav I. Cannabinoids modulate hippocampal memory and 
plasticity. Hippocampus. 2010; 20: 1126 – 1138

38. Ganon Elazar E, Akirav I. Cannabinoid receptor activation in the 
basolateral amygdala blocks the effects of stress on the conditioning 
and extinction of inhibitory avoidance. The Journal of Neuroscience. 
2009; 29: 11078 – 11088.

39. Meneses A. A pharmacological analysis of an associative learning 
task: 5–HT(1) to 5–HT(7) receptor subtypes function on a pavlovian/
instrumental autoshaped memory. Learn Mem. 2003; 10: 363 – 372.

40. Meneses A. Physiological, pathophysiological and therapeutic roles of 
5–HT systems in learning and memory. Reviews in the Neurosciences. 
1998; 9: 275 – 289.

41. Pineyro G, de Montigny C, Weiss M, Blier P. Autoregulatory properties 
of dorsal raphe 5–HT neurons:  possible role of electrotonic coupling 
and 5–HT1D receptors in the rat brain. Synapse. 1996;  22: 54 – 62.

42. Clark MS, Neumaier JF. The 5–HT1B receptor: Behavioral 
implications. Psychopharmacology Bulletin. 2001; 35: 170 – 185.

43. Sari Y. Serotonin1B receptors:  From protein to physiological function 
and behavior. Neuroscience and Biobehavioral Reviews. 2004; 28: 
565 – 582.

44. Nakazi M, Bauer U, Nickel T, Kathmann M, Schlicker E. Inhibition 
of serotonin release in the mouse brain via presynaptic cannabinoid 
CB1 receptors. Naunyn–Schmiedeberg’s Archives of Pharmacology. 
2000; 361: 19 – 24.

45. Zhang SY, Xu M, Miao QL, Poo MM, Zhang XH. Endocannabinoid–
dependent homeostatic regulation of inhibitory synapses by miniature 
excitatory synaptic activities. The Journal of Neuroscience. 2009; 29: 
13222 – 13231.

46. Tao R, Ma Z. Neural circuit in the dorsal raphe nucleus responsible 

accumbens of the rat brain. ISRN Pharmacology. 2012; 2012: 276902.
47. Haj–Dahmane S, Shen RY. The wake–promoting peptide orexin–B 

inhibits glutamatergic transmission to dorsal raphe nucleus serotonin 
neurons through retrograde endocannabinoid signaling. The Journal 
of Neuroscience. 2005;  25: 896 – 905.

48. 
cannabinoid receptor type 1 in serotonergic cells of raphe nuclei in 
mice. Neuroscience. 2007; 146: 1212 – 1219.

49. Steffens M, Feuerstein TJ. Receptor–independent depression of DA 
and 5–HT uptake by cannabinoids in rat neocortex–involvement of 
Na(+)/K(+)–ATPase. Neurochemistry International. 2004; 44: 529 – 
538.

50. Köfalvi A. Cannabinoids and the Brain. 2007; Springer


