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Cannabinoid System of the Lateral Septum in the Modulation of
Anxiety-like Behaviors in Rats
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Abstract
Backgrounds: A large body of evidence suggests that the cannabinoid CB1 receptor plays a key role in the regulation of emotional behaviors. The present study was designed to evaluate the effects of CB1 agonist and antagonist on anxiety-like behaviors in the lateral septum
(LS) region of the rat brain using elevated plus maze test.
Method: Rats were anesthetized with ketamine and xylazine and special cannulas were inserted stereotaxically into the LS region. After
1 week of recovery, the effects of intra-LS administration of the CB1UHFHSWRUDJRQLVW:,1DQG&%1 receptor antagonist, AM251,
RQ2$7DQG2$(ZHUHPHDVXUHG0RUHRYHUWKHHIIHFWVRISUHWUHDWPHQWZLWK$0RQWKHUHVSRQVHLQGXFHGE\LQWUD/6DGPLQLVWUDWLRQRI:,1ZHUHDOVRDVVHVVHG
Results: ,QWUD/6DGPLQLVWUDWLRQRI:,1 DQGȝJUDW GHFUHDVHGWKH2$7DQG2$(EXWQRWORFRPRWRUDFWLYLW\VKRZLQJDQDQ[LRJHQLFOLNHUHVSRQVH,QWUD/6LQMHFWLRQRIGLIIHUHQWGRVHVRI$0 DQGJUDW GLGQRWVLJQL¿FDQWO\
DOWHUWKHDQ[LHW\OLNHSDUDPHWHUVRQWKHSOXVPD]HWHVW+RZHYHULQWUD/6LQMHFWLRQVRI$0 JUDW VLJQL¿FDQWO\UHYHUVHG:,1
55,212-2-induced anxiogenic-like effects.
Conclusions: The results suggest that the cannabinoid system of the lateral septum modulates anxiety-like behavior through CB1 receptor.
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inhibiting the release of neurotransmitters associated with anxiety,
including glutamate and GABA.10
The lateral septal area, considered to interconnect with a numannabinoids are a class of psychoactive compounds that
ber
of limbic, diencephalic and midbrain regions, plays a critical
exert a wide range of effects in a large number of species.
role
in the modulation of processes related to mood and motiva7ZRGLIIHUHQWFDQQDELQRLGUHFHSWRUVKDYHEHHQLGHQWL¿HG
to date: the CB1 receptor, mainly located in the central nervous tion.11 The role of the lateral septum in anxiety is reported with
system (CNS), and CB2 receptors which are mostly present in pe- controversies. A variety of reports, including electrical stimulation
ripheral tissues, mainly in the immune system.1,2 These cannabi- studies, suggest anxiogenic and anxiolytic functions of the lateral
noid receptors are metabotropic receptors coupled to Gi/o pro- septum.12–14 In this context, microinjection of midazolam or the
teins, whose activation is followed by an inhibition of adenylyl GABAA receptor agonist muscimol into the lateral septum procyclase activity.3 CB1 receptors are particularly present in the cor- duced anxiolytic-like effects through facilitation of GABAergic
tex, hippocampus, lateral septum, nucleus accumbens, amygdala transmission.15,16 CB1 receptor is mainly located presynaptically
where it can inhibit the release of other neurotransmitters.17
and periaqueductal gray (dPAG).4–7
The cannabinoid system in the CNS is implicated in anxiety, Neurons expressing CB1 receptors are of diverse nature. Studies
motor activity, nociception, memory and learning, cognitive pro- were able to detect them in terminals that release GABA and glucesses, neuroendocrine regulation, neurodegenerative processes, tamate as the main inhibitory and excitatory neurotransmitters,
appetite, body temperature, emesis and brain reward.8 Moreover, respectively.18,19
Previous studies showed that cannabinoid agonists induce comcannabis-based medications have reportedly been helpful in pa9
plex
and often contradictory effects on anxiety in both humans
tients with pain, spasticity, nausea, loss of appetite and vomiting.
Cannabinoids modulate the release of several transmitters impli- and experimental animals. The mechanisms mediating the effects
cated in the control of anxiety-related behaviors. There is abun- of cannabinoids on anxiety-related responses appear to be mediatdant anatomical, neurochemical and functional evidence sug- ed by both CB1 and non-CB1 cannabinoid receptors.20 Considering
gesting that CB1 receptor activation restrains neuronal activity by different sites of the brain which are involved in the cannabinoidinduced anxiety-like behaviors, we hypothesized that the lateral
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Materials and Methods
Animals
Male Wistar rats (Pasteur institute; Amol, Iran) weighing 220 ±
20 g at the time of surgery were used. The animals were housed
four/cage, in a colony room with a 12/12–hr light/dark cycle
(7:00–19:00) at 22 ± 2%. They had free access to food and tap water except during the time of experiments. Rats were handled for
5 min each day prior to behavioral testing. All experiments were
performed between 9:00 h and 13:00 h and each animal was used
only once. Seven animals were used in each group of experiments.
A total number of 84 animals were used in the experiments. The
study protocol was approved by the Local Ethical Committee and
was performed in accordance with the Declaration of Helsinki.
Drugs
The drugs used in the present study were WIN 55,212-2 mesylate, AM251 (N-(piperidin-1-yl)-5-(4iodophenyl)-1-(2,4dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide;Tocris,
Bristol, UK). WIN 55,212-2 and AM251 were dissolved in dimethyl sulfoxide, sterile 0.9% saline (up to 10% v/v) and two
drops of Tween 80.
Stereotaxic surgery
Rats were anesthetized intraperitoneally with ketamine hydrochloride (50 mg/kg) and xylazine (4 mg/kg) and placed in a
Stoelting stereotaxic instrument (Stoelting Co, Illinois, USA).
According to Paxinos and Watson,21 stereotaxic coordinates for
injection into the lateral septum were: +0.8 anterior to bregma,
0.8 mm lateral to the midline, and 4.8 mm ventral of the dorsal
surface of the skull
Microinjections
A stainless steel guide cannula (22-gauge) was unilaterally implanted in the lateral septum, 1 mm above the site of injection. It
ZDVWKHQ¿[HGWRWKHVNXOOZLWKDFU\OLFGHQWDOFHPHQW7RSUHYHQW
clogging, the stainless steel stylet (27-gauge) was placed in the
guide cannula until the animal was given the injection. The animals were allowed seven days to recover before the test. For drug
infusion, the stylet was withdrawn and replaced by the injection
cannula (27-gauge stainless steel tubing), terminating 1 mm below the tip of the guide. Each injection cannula was connected by
SRO\HWK\OHQHWXELQJWRDȝ/+DPLOWRQV\ULQJH +DPLOWRQ5HQR
1986$ $QLPDOVUHFHLYHGDQLQMHFWLRQRIȝ/RIHDFKVROXWLRQ
RYHUDVSHULRG ȝ/UDW 7RDOORZGLIIXVLRQRIWKHVROXWLRQ
the injection cannula was left in place for an additional 60s. Seven
days after implantation, the effects of intra-lateral septum (LS)
injection of drugs were tested in the elevated plus-maze test.
Behavioral test (Plus-maze test)
The elevated plus-maze test (EPM), one of the many tests for
LGHQWL¿FDWLRQRIDQ[LRO\WLFRUDQ[LRJHQLFOLNHHIIHFWVRIGUXJVH[ploits the aversion of rodents to novel, elevated and open spaces.
The method is basically the same as described by Pellow, et al.22
The apparatus consists of two open (50 × 10 cm) and two closed
(50 × 10 cm) arms in in the shape of a plus sign. The center of the
maze is a square platform of 10 × 10 cm. The maze was elevated
to a height of 50 cm. At least 1 hour before testing, animals were
placed in the room used for experiments. For testing, the rats were
placed in the center of the maze facing an open arm and allowed

5 min of free exploration. The following parameters were measured: the number of entries into the open/closed arms and the
WRWDOWLPHVSHQWLQWKHRSHQFORVHGDUPV$IWHUHDFKWHVWWKHÀRRU
ZDVFOHDQHGZLWKZDWHU(QWU\ZDVGH¿QHGDVDOOIRXUSDZVLQWKH
arms. The percentage of open arm entries (%OAE) and open arm
time (%OAT) as the standard anxiety indices were calculated as
follow: %OAT (the ratio of times spent in the open arms to total
times spent in any arms × 100); %OAE (the ratio of entries into
the open arms to total entries in any arms × 100). Smaller %OAE
and %OAT ratio scores indicate that rats are more anxious. Closed
arm entries were considered as animal locomotor activity.22
Experiments

Experiment 1: effects of AM251 on anxiety-like behaviors
The animals received intra-LS injection of vehicle or one of the
three doses of AM251 (0.001, 0.01 and 0.1 μg/rat). The test session took place5 min after intra-LS injection. %OAT, %OAE and
locomotor activity were measured as described in the method section (Figure 1).

Experiment 3: effects of WIN 55,212-2 alone or with AM251 on anxiety-like behaviors
The animals received intra-LS injection of vehicle or one of the
three doses of WIN 55,212-2 (0.001, 0.005 and 0.5 μg/rat). Five
minutes after the injections, animals were submitted to the EPM
test. Four other groups of rats received vehicle or one of three
doses of WIN 55,212-2 (0.001, 0.005, and 0.5 μg/rat) 5 min after
intra-LS injection of AM251 (0.01 μg/rat). The test session took
SODFHPLQDIWHU¿QDOLQWUD/6LQMHFWLRQV2$72$(DQGORcomotor activity were measured (Figure 2).
9HUL¿FDWLRQRIFDQQXODSODFHPHQWV
After completion of the experimental sessions, each animal
ZDVVDFUL¿FHGZLWKFKORURIRUP6XEVHTXHQWO\/RIPHWK\lene blue was injected into the lateral septum by injection canQXODWRDLGLQKLVWRORJLFDOYHUL¿FDWLRQ7KHEUDLQVZHUHUHPRYHG
DQG ¿[HG LQ  IRUPDOLQ VROXWLRQ  GD\V EHIRUH VHFWLRQLQJ
Sections were examined to determine the location of the cannula
aimed for the lateral septum. The cannula placements were veri¿HGXVLQJWKHDWODVRI3D[LQRVDQG:DWVRQ21 Data from rats with
cannula placement outside the lateral septum were excluded from
the analysis (Figure 3).
Statistical analysis
One-way ANOVA was used to compare different experimental
groups. Two-way ANOVA was used to evaluate interactions between drugs. Post hoc analysis (Tukey test) was performed to asVHVVVSHFL¿FJURXSFRPSDULVRQV6WDWLVWLFDOVLJQL¿FDQFHZDVVHW
at P < 0.05.

Results
Effects of selective CB1 receptor antagonist, AM251 on anxiety-like
behaviors
,QWKH¿UVWH[SHULPHQW )LJXUH LQMHFWLRQRI$0FKDQJHG
neither %OAT [F(3, 24) = 2.64; P > 0.05], nor %OAE [F(3, 24) =
0.98; P > 0.05] or locomotor activity [F(3, 24) = 1.71; P > 0.05]
VLJQL¿FDQWO\,QRWKHUZRUGVLQWKHVHGRVHV$0GRHVQRWDIIHFWDQLPDOEHKDYLRUVLJQL¿FDQWO\LQWKH(30
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Figure 1. The effects of intra-lateral septum injection of AM251 on anxietyOLNHEHKDYLRUV5DWVZHUHLQMHFWHGYHKLFOH /UDW RU$0 
DQGJUDW 7KHWHVWVZHUHSHUIRUPHGPLQDIWHULQWUD/6LQMHFWLRQV
(DFKEDUUHSUHVHQWVPHDQ6(02$7(A)2$((B) or locomotor
activity (C). n = 7.

Figure 2. 7KHHIIHFWVRILQWUD/6LQMHFWLRQRI:,1DORQHRUZLWK
$0RQDQ[LHW\OLNHEHKDYLRUV5DWVZHUHLQMHFWHGVDOLQH /UDW RU
:,1 DQGJUDW DORQHRUPLQDIWHULQMHFWLRQ
RI$0 JUDW 7KHWHVWVZHUHSHUIRUPHGPLQDIWHU¿QDOLQWUD/6
LQMHFWLRQV(DFKEDUUHSUHVHQWVPHDQ6(02$7(A)2$((B) or
locomotor activity (C). n = 7. *: P < 0.05, **: P < 0.01 compared to the vehicle treated rats. +++: PFRPSDUHGWRWKH:,1WUHDWHGUDWV

Effects of the cannabinoid receptor agonist WIN 55,21255,212-2
alone or with AM251, on anxiety-like behaviors
In the second experiment (Figure 2), the effects of WIN 55,2122 alone or with AM251 on anxiety-like parameters were evaluated. A two-way ANOVA between the response of WIN 55,212 DQGȝJUDW DQG:,1SOXV$0
ȝJUDW XVLQJSRVWKRFDQDO\VLVUHYHDOHGWKDW:,1
decreased %OAT [F(3, 48) = 9.87, P < 0.001] and %OAE [F(3,
48) = 8.3, P < 0.01] indicating an anxiogenic-like response by
:,11RVLJQL¿FDQWFKDQJHLQWKHORFRPRWRUDFWLYLW\
was observed following administration of WIN 55,212-2 [F(3,
48) = 0.26, P > 0.05]. Administration of AM251 at a dose of 0.01
μg/rat 5 min before injection of WIN 55,212-2 was able to reverse
the decreased %OAT [F(3, 48) = 7.27; P < 0.001] and %OAE
[F(3, 48) = 7.41; P < 0.001] induced by WIN 55,212-2 at the dose

of 0.001 and 0.005 WIN 55,212-2, but did not change locomotor
activity [F(3,48) = 0.76; P > 0.05]. Post hoc analysis indicated
that AM251did not change anxiety-related parameters by itself,
but reversed WIN 55,212-2-induced anxiogenic-like response.

Discussion
Elevated plus-maze is one of the most widely used experimental
models for investigating anxiety in rodents. In this test, we addressed the aversion of rodents to novel, open and high spaces.23
Different physiological mechanisms appear to be involved in
regulation of anxiety-like behaviors. GABA, serotonin and norepinephrine are neurotransmitters that are mostly implicated in
the modulation of anxiety. However, many other neurotransmitters and modulators, including endocannabinoids, endovanilloids,

Archives of Iranian Medicine, Volume 16, Number 12, December 2013 713

&DQQDELQRLGLQ/DWHUDO6HSWXPRQ$Q[LHW\

Figure 3. The approximate sites of injected drugs in the lateral septum are presented by circles. Representative sections of the
ODWHUDOVHSWXP DQGPPIURPEUHJPDUHVSHFWLYHO\ DUHDGRSWHGIURP3D[LQRVDQG:DWVRQ21

adenosine, histamine and acetylcholine, have also been implicated.24,25
The data of the present study showed that microinjection of
WIN 55,212-2, as CB1 and CB2 receptor agonist, into the lateral
septum decreased the percentage of time spent in the open arms
(%OAT) and caused a decrease in the percentage of open arm enWULHV 2$( DWWKHGRVHVRIDQGȝJUDWZKHUHDVQR
VLJQL¿FDQWHIIHFWZDVREVHUYHGIRUORFRPRWRUDFWLYLW\+RZHYHU
DW WKH GRVH RI  ȝJUDW WKH DQLPDO¶V EHKDYLRU GLG QRW FKDQJH
VLJQL¿FDQWO\LQWKH(307KLVLQGLFDWHVWKDW:,1H[HUWV
anxiogenic-like effects in the lateral septum at low and medium
doses but not at high dose. It is noteworthy that lesions of the lateral septum cause anxiolytic-like effects.12 Consistent with the present data, it has been shown that intra-CA1 administration of WIN
55,212-2 induces anxiogenic-like effects.26 Moreover, administration of anandamide, which is an endogenous ligand for cannabinoid
receptors, also induced anxiogenic-like responses in three different strains of mice.27 Anxiogenic responses have also been reported following administration of Delta(9)-tetrahydrocannabinol,
as major psychoactive constituent of Cannabis sativa, in social
interaction test.28,QOLQHZLWKRXU¿QGLQJV$UQROGet al. (2001)
reported that the cannabinoid receptor agonist, CP 55,940, increased anxiety-related behaviors in Wistar but not Lewis rats in
the conditioned ultrasonic vocalization task representing a genetic
basis in cannabinoid-induced anxiety.29 The same results were reported by Genn, et al. (2004) using CP55,940.30 In contrast, some
previous studies have reported anxiolytic, rather than anxiogenic-like effects for cannabinoid agonists. Microinjection of WIN
55,212-2 into the basolateral amygdala reduced stress-induced
rise in corticosterone levels.31 Furthermore, intra-dPAG admin-

istration of 2-Arachidonoylglycerol promoted anxiolytic-like effects in the elevated plus-maze test.32 In separate studies, intraperitoneal administration of WIN 55,212-2, ACEA and CP55,940
as CB1 receptor agonists, promoted anxiolytic-like effects, which
were suppressed by pretreatment with AM251.33–35 Interestingly,
similar anxiolytic-like effects have been documented for WIN
WUHDWHG PDUPRVHW PRQNH\V LQ DQ RSHQ¿HOG WHVW36 As
mentioned before, despite its anxiogenic-like effects at lower doses, intra-LS administration of WIN 55,212-2 at higher dose (0.5
ȝJUDW GLGQRWDIIHFWDQLPDO¶VEHKDYLRUVLJQL¿FDQWO\LQWKH(30
A similar shift in cannabinoid response at higher dose has been
reported elsewhere.37 These controversies have been attributed
to the effects of cannabinoids and endocannabinoids on TRPV1
receptors.37 Previous studies show that WIN 55,212-2, similar
to anandamide, inhibits TRPV1 receptors.38 Since inhibition of
TRPV1 receptors has been linked to anxiolytic-like responses,25 it
may be suggested that at least some of the controversies in those
effects of endocannabinoids and cannabinoids are mediated by
their interaction with TRPV1 receptors. Therefore, it is possible
that inhibition of TRPV1 receptors by WIN 55,212-2 at higher
dose hindered its anxiogenic-like effects. This bimodal action or
discussed controversies may also be dependent on different brain
regions, expression of receptors on different cell-types (GABA vs.
glutamate neurons), environmental conditions and species differences (mice vs. rats).36
Another part of our results indicate that intra-LS administration
of AM251, a selective CB1 receptor antagonist, altered neither
WKHDQ[LHW\UHODWHGSDUDPHWHUVQRUWKHORFRPRWRUDFWLYLW\VLJQL¿cantly. These results are consistent with previous studies showing
that local injections (intra-dorsal hippocampus, intra-ventral hip-
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pocampus, intra-dPAG) of AM251 did not induce any behavioral
change in rats exposed to the EPM.25,26,39 Furthermore, Rutkowska,
et al. (2006) reported that intraperitoneal injection of AM281, as a
selective CB1UHFHSWRUDQWDJRQLVWGLGQRWLQÀXHQFHDQ[LHW\UHODWed behaviors of the mice in the light/dark box test when administered alone.402XU¿QGLQJVSRVVLEO\LPSO\WKDWHQGRFDQQDELQRLGV
in the lateral septum are not tonically involved in modulation of
anxiety-like behaviors. Similar to the cannabinoid agonists, there
is controversy regarding the effects of cannabinoid receptor antagonists on anxiety. There are reports showing anxiolytic-like
effects following administration of AM251.26,36 Moreover, injection of rimonabant, a selective CB1 receptor antagonist, into the
central amygdala of the rats precipitated anxiety-like behaviors.41
Conversely, Litvin, et al. (2013) showed that AM251 induced
anxiety-like effects in both CB1 knock-out and wild type animals
WRZDUG D QRYHO PDOH FRQVSHFL¿F42 Furthermore, this antagonist
promoted an anxiogenic-like effect in the elevated T maze at higher dose.35 These controversies may occur due to the same reasons
described previously for cannabinoid agonists. Moreover, both
AM251 and rimonanant are antagonist/inverse agonists and part
of their effects may be due to their bimodal action on CB1 receptors. Recent studies show that AM251 is also an agonist of a novel
receptor, namely GPR55 (a potential CB3 receptor).43 Although
the role of this receptor in the modulation of anxiety-like behaviors is unclear. Activation of GPR55 receptors by AM251 is a possible alternative mechanism in those diverse effects of AM251 on
anxiety-like behaviors. Another possible mechanism involved in
anxiogenic or anxiolytic actions of cannabinoids is the sympathetic nervous system. A recent study showed that rimonabant-induced freezing following both systemic and intracerebroventricular administration requires increased peripheral sympathetic nerYRXVV\VWHPDFWLYDWLRQDQGEORFNDGHRISHULSKHUDOȕDGUHQHUJLF
receptors prevented the anxiogenic effect of both systemic and
intracerebroventricular rimonabant injections.44 This study shows
that CB1 receptor blockade acts centrally to increase peripheral
norepinephrine release, and this may in turn lead to anxiety-like
behaviors.44
In another part of our experiments, we assessed the effects of
pretreatment with AM251 (0.01 μg/rat) on the response induced
by intra-LS administration of WIN 55,212-2. These data showed
that administration of AM251 prevented anxiogenic-like effect of
:,1DWORZDQGPHGLXPGRVHV7KLV¿QGLQJLPSOLHVWKDW
part of the effects of WIN 55,212-2 on anxiety is CB1 receptor
mediated. Moreover, the inability of AM251 to affect higher dose
of WIN 55,212-2 is possibly explained by our previous hypothesis regarding the involvement of TRPV1 receptors in the actions
of WIN 55,212 at high dose. Therefore, based on our present results, the cannabinoid system in the lateral septum region of the
rat brain may play an important role in modulation of anxiety-like
behaviors.
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