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in humans and other animals, namely, CB1, CB2 and CB3
receptors.3–5 The CB1 receptor is associated with mediating and its
he plant Cannabis sativa is commonly known as cannabis effects are focused mainly on memory and cognitive functioning
or marijuana which comprises about 60 terpenophenolic regions of the brain. The CB2 receptors are not known to be
compounds, generally known as part of the group of associated with any cannabinoid-related cognitive effects of the
plants, cannabinoids. For hundreds of years, Marijuana has been brain so far.6 Both CB1 and CB2 cannabinoid receptors have been
used all over the world for both medical and recreational purposes. LGHQWL¿HGWREHSDUWRIWKHIDPLO\RI*SURWHLQFRXSOHGUHFHSWRUV
While it has been known to have both positive and negative side as there are other known receptor subtypes. Both the CB1 and
effects, it does entail certain alarming side effects. The positive &% UHFHSWRUV KDYH EHHQ LGHQWL¿HG WR SRVVHVV HQGRJHQRXV DQG
side effects generally cause relaxation, stress relief and a sense of exogenous cannabinoid compounds, which in themselves include
calmness. On the other hand, the negative side effects have been ¿YH VWUXFWXUDOO\ GLYHUVH FODVVHV7 The cannabinoid receptors
known to include nausea, sickness, vomiting, dizziness and FDQ EH LGHQWL¿HG LQ GLIIHUHQW UHJLRQV RI WKH EUDLQ LQFOXGLQJ WKH
headaches.1 Furthermore, cannabis can also produce a sense of cortex, hippocampus, amygdala, basal ganglia, cerebellum, and
euphoria, lethargy, confusion, depersonalization, altered time the emetic centers of the brain stem which are responsible for an
sense, impaired motor performance, memory defects, paranoia, individual’s behavior. Alternatively in other regions of the brain,
lower levels are found for example in the thalamus, pons, and the
depression, fear, anxiety and hallucinations.1
The endogenous cannabinoid system has been already widely rest of the brainstem.8 CB1 receptors also occur at low to moderate
recognized, and many researchers have expanded and researched levels in the nucleus accumbens. In this region, CB1 receptors
IXUWKHU LQWR WKH ¿HOG RI SKDUPDFRORJ\ DQG WKHUDSHXWLFV RI have a similar pattern to that of the striatum. CB1 receptors can
be found on terminals inside the glutamatergic prefrontal cortex
cannabinoids.2
7KUHH NLQGV RI FDQQDELQRLG UHFHSWRUV KDYH EHHQ LGHQWL¿HG accumbens within the pathways.9
Pharmacologically, the endocannabinoid system acts in such a
way that it will affect the neurotransmission systems including:
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and opioids. Each CB1 brain receptor regulates the activation
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or deactivation of these neurotransmitter systems differently
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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
OHDVWVHYHQVHURWRQLQUHFHSWRUVKDYHEHHQLGHQWL¿HGZKLFKKDYH
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
LGHQWL¿HGDUHUHFHSWRUV+71, 5-HT2, 5-HT3, 5-HT4, 5-HT6, and
5-HT7 .12,156WXGLHVKDYHEHHQFRQGXFWHGVSHFL¿FDOO\WRH[DPLQH
the effects of serotonin agonists on the particular region of
OHDUQLQJ DQG GHYHORSPHQW +RZHYHU UHVHDUFK ¿QGLQJV VXSSRUW
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
+HQFHWKHVWXG\¶V¿QGLQJVVXSSRUWWKHQRWLRQWKDWDFWLYDWLRQRI
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
LQÀXHQFHWKH\KDYHRQDYHUVLYHPHPRU\

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
VHWXSFPDERYHWKHÀRRU7KHMXQFWLRQDUHDRIWKHIRXUDUPV
(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 guidecannulae (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.257KHFDQQXODHZHUH¿[HGWR
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
HQG7KHQ  ȝ/VLGH RI VROXWLRQ ZDV LQMHFWHG LQWR$FE VKHOO
7KLVZDVGRQHGXULQJVXVLQJDȝ/JODVV+DPLOWRQV\ULQJH
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
GUXJÀRZ7RDOORZSURSHULQIXVLRQQHHGOHVZHUHUHPRYHGV
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
Subjects
Male Wistar rats (Tehran University of Medical Sciences, the EPM results in a qualitative shift in emotional state. Thus,
Tehran, Iran) weighing 250 g – 300 g (2 – 3 months) upon surgery, unconditioned fear in the test session would possibly transform to
26,27
ZHUHKRXVHGLQJURXSVRI¿YHSHUFDJHLQDWHPSHUDWXUHFRQWUROOHG learned avoidance during the retest. In our study, animals were
room (22 ± 2°C) under standard laboratory conditions, with free given a post-test intracerebral drug injection. Thus, drug effects
access to food and water, with a 12-h light/12-h dark cycle (lights on consolidation of memory formation with the subsequent
28,29
In general, reduced open-arms
on at 7:00 AM). Each animal was used once only. Eight animals long-term effects on memory.
exploratory
behaviors
of
saline
or
vehicle-treated groups during
were used in each group of experiments. The experiments were
retest
session,
indicate
aversive
learning
associated with the initial
carried out during the light phase of the cycle. Animals’ treatment
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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 openDUPV >2$7 WLPH LQ RSHQDUPV  î @ WKH SHUFHQWDJH
RI HQFORVHGDUPV HQWULHV >($( WKH QXPEHUV RI FORVHGDUPV
HQWULHVORFRPRWLRQ î@DQGRSHQDUPVHQWULHV>2$( WKH
numbers of open-arms entries/locomotion) ×100] .22,31
9HUL¿FDWLRQRIFDQQXODHSODFHPHQWV
Upon concluding each experiment, the rats were deeply
anesthetized and 1% Methylene Blue solution was injected into
$FE VKHOO  ȝ/VLGH  DV GHVFULEHG LQ WKH GUXJ VHFWLRQ (DFK
animal was then decapitated, its brain removed and placed in
10% formalin solution. After 12 – 14 days, the brains were sliced
DQGWKHVLWHVRILQMHFWLRQVZHUHYHUL¿HGDFFRUGLQJWRWKHDWODVRI
Paxinos.25 Data from rats with cannulae placements outside the
intended sites were excluded from the statistical analyses.

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
(IIHFW RI SRVWWHVW LQWUD$FE VKHOO PLFURLQMHFWLRQ RI &3 RQ
open-arms exploratory-like behaviors
Repeated measure and post-hoc analysis showed that intra-Acb
shell injection of CP94253 at applied doses increased %OAT and
%OAE, while it did not alter %EAE on retest day compared to the
control group, suggesting that CP94253 at applied doses (0.5 and
5 ng/rat) decreased aversive memory acquisition (Figure 1). All
experimental repeated measure results are summarized in Table
1 and Figure 1.
(IIHFWRISRVWWHVWLQWUD$FEVKHOOPLFURLQMHFWLRQVRI*5RSHQ
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
GD\ FRPSDUHG WR WKH RZQ FRQWURO JURXS 7KLV ¿QGLQJ VXJJHVWV
that only the higher dose GR127935 induces aversive memory
DFTXLVLWLRQGH¿FLW$OOH[SHULPHQWDOUHSHDWHGPHDVXUHUHVXOWVDUH
summarized in Table 2 and Figure 1.

Statistical analysis
The data were analyzed by repeated measure analysis of variance
(ANOVA) for test and retest sessions and expressed as mean ±
Results from the experiment 2
6(0 3RVWKRF 7XNH\ WHVW ZDV SHUIRUPHG ZKHQ VLJQL¿FDQW
(IIHFWRISRVWWHVWLQWUD$FEVKHOOPLFURLQMHFWLRQVRI$&3$RQRSHQ
F-values were obtained in the ANOVA. Values of P < 0.05 were arms exploratory-like behaviors.
FRQVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW
Repeated measure and post-hoc analysis showed that intra-Acb
shell injection of ACPA (0.2 μg/rat) increased %OAT (Figure
Experimental design
2, panel 1A) and %OAE (Figure 2, panel 1B), but did not alter
([SHULPHQWHIIHFWRISRVWWHVWPLFURLQMHFWLRQVRI+7UHFHSWRU %EAE (Figure 2, panel 1C) upon retest compared to the own
agents on open-arms exploratory-like behaviors
control group, suggesting that the higher dose of ACPA impairs
To examine whether the microinjection of drugs into the Acb aversive memory acquisition. All experimental repeated measure
shell involves in memory, the drugs were infused post EPM results are demonstrated in Table 3 and Figure 2.
testing. In this experiment, 8 groups of animals received saline
(0.3 μL/side), CP94253 (5-HT1 receptor agonist; 0.05, 0.5 and
Results of experiment 3
5 ng/rat), GR127935 (5-HT1 receptor antagonist; 0.05, 0.5 and 5
(IIHFW RI SRVWWHVW LQWUD$FE VKHOO PLFURLQMHFWLRQV RI &3 RU
ng/rat) immediately after testing. The treated groups were retested *5RQRSHQDUPVH[SORUDWRU\OLNHEHKDYLRUVDOUHDG\LQGXFHG
in the EPM 24 h later, undrugged.
by ACPA
Two-way ANOVA and post-hoc analysis showed that intra-Acb
([SHULPHQWHIIHFWRISRVWWHVWPLFURLQMHFWLRQVRI$&3$ &% UH- shell injection of the subthreshold dose CP94253 or GR127935
ceptor agonist) on open-arms exploratory-like behaviors
did not alter %OAT (Figure 2, panel 2A for CP94253 and panel
To test the possible involvement of ACPA in memory, the drug 3A for GR127935), %OAE (Figure 2, panel 2B for CP94253
was infused after EPM testing. In this experiment, ACPA (0.0002, and panel 3B for GR127935) or %EAE (Figure 2, panel 2C for
0.002, 0.02 and 0.2 μg/rat) was administered immediately after CP94253 and panel 3C for GR127935) already induced by ACPA
testing. The treated groups were retested in the EPM 24 h later, on retest day compared to their respective groups, indicating that
undrugged.
CP94253 and GR127935 did not alter ACPA-induced amnesia.
All experimental Two-Way ANOVA results are demonstrated in
([SHULPHQWHIIHFWRISRVWWHVWPLFURLQMHFWLRQVRI+7UHFHSWRU Table 4 for CP94253 and Table 5 for GR127935.
agonists/antagonists on ACPA-induced open-arms exploratory-like
behaviors
Discussion
In order to assess the possible interaction between 5-HT1 Acb
shell receptors upon ACPA-induced exploratory-like behaviors,
Effect of intra-Acb shell ACPA on open-arms exploratory behavdrugs were administered after the EPM testing session. In this iors in naive rat subjected to EPM
experiment, 8 groups of animals received saline (0.3 μg/side) and
Recent research results suggest that the effects of intra-Acb shell
the subthreshold dose of CP94253 (0.05 ng/rat), GR127935 (0.05 infusion of selective CB1 cannabinoid receptor agonist ACPA,
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Figure 1.2SHQDUPVH[SORUDWRU\EHKDYLRUVIROORZLQJSRVWWHVWLQWUD$FEVKHOOPLFURLQMHFWLRQVRI&3RU*5$IWHUKDOOJURXSVZHUH
UHWHVWHGLQWKH(30XQGUXJJHG2SHQ$UPV7LPH2SHQ$UPV(QWULHVDQG(QFORVH$UPV(QWULHVDUHVKRZLQJLQ$%DQG&SDQHOVUHVSHFWLYHO\
9DOXHVDUHH[SUHVVHGDVPHDQ6(0 Q LQHDFKJURXS  P GLIIHUHQWIURPVDOLQHJURXSLQWKHWHVWGD\ȌDQGȌȌ3GLIIHUHQW
IURPFRQWUROVDOLQHJURXSLQWKHUHWHVWGD\

Table 1.5HSHDWHGPHDVXUHDQDO\VLVZLWKPYDOXHVIRUWKHHIIHFWRI&3RQH[SORUDWRU\OLNHEHKDYLRUs.
Experiments

Behaviors

Repeated measure analysis results
for CP94253 microinjection into the
Acb shell

Inter-Group

Intra-Group

Intra- Inter Group
interaction

F 

P

F 

P

F 

P

%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

Final results conclusion
for each experiment

The data showed that the
higher doses of CP94253
induced amnesia

Table 2.5HSHDWHGPHDVXUHDQDO\VLVZLWKPYDOXHVIRUWKHHIIHFWRI*5RQH[SORUDWRU\OLNHEHKDYLRUV.
Experiments
Repeated measure analysis results for
GR127935 microinjection into the
Acb shell

Behaviors

Inter-Group

Intra-Group

Intra- Inter Group
interaction

F 

P

F 

P

F 

P

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

%OAT
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Final results conclusion for
each experiment
The data showed that the
higher doses of GR127935
induced amnesia
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Figure 2. panel 1)VKRZVRSHQDUPVH[SORUDWRU\EHKDYLRUIROORZLQJSRVWWHVWPLFURLQMHFWLRQVRI$&3$$IWHUKDOOJURXSVZHUHUHWHVWHGLQWKH(30
XQGUXJJHG,QDGGLWLRQpanel 2IRU&3ZKLOHpanel 3 IRU*5VKRZWKHHIIHFWRILQWUD$FE6KHOOSRVWWHVWLQMHFWLRQRIWKHVXEWKUHVKROGGRVH
&3DQG*5RQRSHQDUPVH[SORUDWRU\OLNHEHKDYLRULQGXFHGE\ERWKWKHVXEWKUHVKROGDQGHIIHFWLYHGRVHVRI$&3$$IWHUKDOOJURXSV
ZHUHUHWHVWHGLQWKH(30XQGUXJJHG9DOXHVDUHH[SUHVVHGDVPHDQ6(0 Q LQHDFKJURXS 2SHQ$UPV7LPH2SHQ$UPV(QWULHVDQG
(QFORVH$UPV(QWULHVDUHVKRZLQJLQ$%DQG&SDQHOVUHVSHFWLYHO\ PGLIIHUHQWIURPUHVSHFWLYHVDOLQHJURXSLQpanel 1PDQGP <
GLIIHUHQWIURPFRQWUROVDOLQHJURXSLQSDQHO

Table 3.5HSHDWHGPHDVXUHDQDO\VLVZLWKPYDOXHVIRUWKHHIIHFWRI$&3$RQH[SORUDWRU\OLNHEHKDYLRUV.
Experiments

Repeated measure analysis
results for microinjection of
ACPA into AcShell

Behaviors

Intra-Group

Inter-Group

Intra- Inter Group
interaction

F 

P

F 

P

F 

P

%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

Final results conclusion for each
experiment

The data showed that the higher doses
of ACPA induced anxiolytic-like
behaviors and amnesia
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Table 4.7ZRZD\$129$UHVXOWVIRUWKHHIIHFWRI&3RQ$&3$LQGXFHGH[SORUDWRU\OLNHEHKDYLRUs.

Experiments

Behaviors

Two ANOVA results
between panels 1 and 2 of
Figure 2

Inter-Group

Intra-Group

Intra- Inter Group
interaction

F 

P

F 

P

F 

P

%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

Final results conclusion for each
experiment

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

Table 5. 7ZRZD\$129$UHVXOWVIRUWKHHIIHFWRI*5RQ$&3$LQGXFHGH[SORUDWRU\OLNHEHKDYLRUs.
Experiments

Two ANOVA results
between panel 1 and 3 of
Figure 2

Behaviors

Intra-Group

Inter-Group

Intra- Inter Group
interaction

F 

P

F 

P

F 

P

%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

emerge into retest session. These results indicate an impairment
of aversive memory acquisition in ACPA-treated animals after
WHVWLQJ ZDV FRQFOXGHG 1XPHURXV RWKHU ¿QGLQJV LQGLFDWH WKDW
cannabinoids are anxiolytics and can adjust the behavioral
and physiological response when encountering any stressful
conditions.32,33
2QWKHEDVLVRIVFLHQWL¿FUHSRUWVDQGWKHLU¿QGLQJVRQWKHHIIHFWV
of cannabis on cognitive processes, many researchers have been
motivated to investigate the effects of cannabinoids on synaptic
SODVWLFLW\ IRFXVLQJ VSHFL¿FDOO\ RQ WKH ORQJWHUP SRWHQWLDWLRQ
(LTP). Cannabinoids have been known to directly affect the LTP
DQGZLOORIWHQEORFNLWPDNLQJLWGLI¿FXOWWRH[SODLQWKHPHFKDQLVPV
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 stageGHSHQGHQWPDQQHU7KLVUHVXOWLVFRQJUXHQWZLWKWKH¿QGLQJVRI
other studies which imply exogenous acute cannabinoid treatment
can be the cause of various outcomes depending on task aversion
DQGWKHVSHFL¿FEUDLQUHJLRQLQYROYHG37,38
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Final results conclusion for each
experiment

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

Effect of intra-Acb shell administration of 5-HT1 agents on ACPA-induced open-arms exploratory behavior
From the collective data analysis, it was discovered that intraAcb 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
WKHFRQWUDU\EDVHGRQRXUGDWD¿QGLQJVDGPLQLVWUDWLRQRIDVXE
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
OHDUQLQJKRZHYHUWKHUHLVVWLOOQRWVXI¿FLHQWHYLGHQFHWRVXJJHVW
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-HT1A5DJRQLVW>HJ ÀHVLQR[DQEXVSLURQHRU2+'3$7@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 5HJDUGLQJ WKLV VWXGLHV KDYH FRQ¿UPHG XVLQJ
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
WKHVH ¿QGLQJV VXSSRUWV WKH QRWLRQ WKDW WKH ÀXR[HWLQH LPSURYHG
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
HI¿FLHQWO\ DIIHFWV EHKDYLRUDO UHVXOWV REWDLQHG DPLG WHVWLQJ 7KH
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
3UHYLRXVO\ WKH VFLHQWL¿F RSLQLRQ KHOG WKDW UHFHSWRUV ZHUH

M. Keramati Nojedehsadat, S. Oryan, M. R. Zarrindast, et al.

activated by agonists, and they either created only one signal
RU VHYHUDO VLJQDOV EXW ZLWK VLPLODU HI¿FDFLHV 2Q WKH FRQWUDU\
LQUHFHQWVWXGLHVLWKDVEHHQYHUL¿HGWKDWGLIIHUHQWOLJDQGVPD\
KDYHYDULRXVUDQJHVRIHI¿FDF\LQGLIIHUHQWVLJQDOLQJSDWKZD\V
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
FUHDWHVGLVWLQFWSDWWHUQVRIVLJQDOLQJDQG¿QDOO\SURGXFHVFHOOXODU
responses.
The 5-HT1B UHFHSWRUVSHFL¿FDOO\WDUJHWVWKHOHDUQLQJGHYHORSPHQW
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
VKHOOV LGHQWL¿HG WKH &% UHFHSWRUV SUHYHQWV WKH UHOHDVH RI
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
VSHFL¿F LPSDFWV ERWK GLUHFWO\ DQG LQGLUHFWO\ RQ VHURWRQHUJLF
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
&3KDVDPRGHUDWHH[FLWDWRU\QHWUHVXOWRQ+7HIÀX[LQWKH
NAcc of drug-naïve animals.45 7KH LQFUHDVH RI +7 HIÀX[ LV
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
PHFKDQLVPV 7KH ¿UVW PHFKDQLVP ZRXOG EH E\ UHJXODWLQJ WKH
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
RIRSHUDWLQJWUDQVSRUWHUVZKLFKHYHQWXDOO\UHÀHFWVRQWKHÀX[RI
serotonin levels in different regions of the brain.50
,W PD\ EH FRQFOXGHG IURP WKH ¿QGLQJV RI RXU H[SHULPHQWV
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.
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