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AB STRACT
Introduction: Previous studies have shown that cannabinoidergic system is involved in anxiety.
However, there are controversial reports in the experimental studies. The aim of this study is to
evaluate the effect of pharmacological stimulation or blocking of CB1 receptors and inhibition
of endocannabinoid degradation in anxiety like behavior in elevated plus-maze (EPM) test in rat.
The EPM is one of the most widely used animal models of anxiety.
Methods: Male Wistar rats were randomly allocated to ten groups. Different groups of animals
intraperitoneally received Win-55212 (0.3, 1 and 5 mg/kg) as CB1 receptor agonist, AM251 (0.3, 1 and 5 mg/kg) as CB1 receptor antagonist, URB-597 (0.03, 0.1 and 0.3 mg/kg) as
endocannabinoid breakdown inhibitor or saline (as control group) 30 min before submitting into
EPM test.
Results: The results showed that compared to the control group, Win-55212 (1 and 5 mg/kg)
and URB-597 (0.1 and 0.3 mg/kg) significantly increased both of the time and percentage of
entries into open arms. AM-251 (1 and 5 mg/kg) significantly decreased the time and percentage
of entries into open arms in the EPM test. These substances have no effects on the total distance
covered by animals and number of closed arm entries.
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Discussion: It is concluded that activation of cannabinoid receptor exert anxiolytic effect while
blocking of cannabinoid receptor resulted in anxiety behavior. The locomotor activity was not
significantly changed by cannabinoid system. It is suggested that potentiation of cannabinoid
system may be therapeutic strategy for the anxiety behavior.

1. Introduction

nxiety is among the most common mental
disorders. To date, this disorder is highly
prevalent globally (Steel et al., 2014). The
neurochemistry of anxiety disorders is
an imbalance in neurotransmitter such as
GABA, serotonin and dopamine function in the central
nervous system. A variety of neurotransmitter mechanisms contribute in the regulation of anxiety behavior
such as GABAergic, serotonergic (Chegini, Nasehi, &
Zarrindast, 2014), noradrenergic, dopaminergic (Zarrindast, Mahboobi, Sadat-Shirazi, & Ahmadi, 2011) and

endocannabinoid systems (Gobira, Aguiar, & Moreira,
2013; Viveros, Marco, & File, 2005).
There is some evidence related to the effects of cannabinoid system in anxiety related behavior (Patel &
Hillard, 2006; Urigüen, Pérez-Rial, Ledent, Palomo, &
Manzanares, 2004; Viveros et al., 2005). Cannabinoid
system is affected with cannabinoid drugs derived from
Cannabis sativa and exogenesis cannabinoid agents
(Crippa et al., 2011). The psychoactive constituents are
hashish, 9-tetrahydrocannabinol (THC), cannabidiol,
and Marijuana (Adams et al., 1996).
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Cannabinoids act on a specific receptor in the brain regions which is involved in mood and anxiety (Adams
et al., 1996; Breivogel & Childers, 1998; Crippa et al.,
2011; Herkenham et al., 1990). Endogenous ligands,
such as anandamide bind to these receptors and it is
less potent with a shorter duration than THC. The fatty
acid amid hydrolase (FAAH) is an enzyme responsible
for the degradation of endocannabinoids (Falenski et
al., 2010; Pertwee, 2000). Some substances increased
the endocannabinoid level by inhibition of breakdown
or reuptake in neuronal synaptic (Gaetani, Cuomo, &
Piomelli, 2003; Gaetani et al., 2009; Fabrício A Moreira,
Aguiar, & Guimarães, 2006).
One of the unpleasant side-effects of cannabis use is
anxiety and panic reactions (Adams et al., 1996; Hall,
1994), that contribute to the relatively some study of endocannabinoid in the understanding of anxiety disorders.
There are controversies reporting about cannabinoids
agent on the anxiety like behavior. Exposure to cannabis derivatives resulted anxiolytic (Crippa et al., 2011)
emotional (Hollister, 1986) or anxiogenic responses in
humans (Zuardi et al., 1982).
Some of the cannabinoid agonists and antagonist can
both suppress and improve anxiety-like behaviors in animal model testes (Bisogno & Di Marzo, 2007; Lafenêtre,
Chaouloff, & Marsicano, 2007; Navarro et al., 1997). In
addition, some substances block the enzyme fatty acid
amide and they result in elevation of cannabinoid level.
Delta 9-THC produces anxiogenic effects in the higher
doses (Long et al., 2010). However, elevation of cannabinoid exerts anxiolytic effects (Kathuria et al., 2003;
Moreira et al., 2006; Moreira, Kaiser, Monory, & Lutz,
2008; Naidu et al., 2007; Patel et al., 2006). Genetic and
pharmacological inhibition of FAAH alleviates the anxiety in mice (Gaetani et al., 2009; Fabricio et al., 2008).
On the basis of above considerations, this work was
undertaken to determine the role of CB1 receptor in
anxiety. Therefore, the aim of the present study was to
examine the pharmacological stimulation or blocking of
CB1 receptors and inhibition of endocannabinoid degradation in anxiety like behavior in rat.

2. Methods
2.1. Animals
Male Wistar rats weighting 250-350 were obtained
from the Pasteur Institute (Tehran, Iran). They were
maintained at 20±2°C in a 12_h light/12_h dark cycle
with food and water supply ad libitum. Animals were
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acclimated to laboratory conditions for one week before the experiments were done. Each rat was used only
once. All experiments were performed in accordance to
the Guide for the Care and Use of Laboratory Animals
(National Institutes of Health Publication No. 85–23, revised 1985).
2.2. Drugs
The following agents were used: CB1 receptor agonist, Win-55212 (0.3, 1 and 5 mg/kg, i.p.; Tocris, Biosciences); CB1 receptor antagonist, AM-251 (0.3, 1 and
5 mg/kg, i.p.; Tocris, Biosciences); endocannabinoid
breakdown inhibitor, URB-597 (0.03, 0.1 and 0.3 mg/
kg, i.p.; Tocris, Biosciences) in the study. Physiological
saline (0.9% sodium chloride) was used as the vehicle.
All drugs were prepared freshly and administered intraperitoneally (i.p.) in a volume of 0.1 mL per 10 g of
body weight of the rats. All substances were dissolved
in physiological saline and were administrated 30 min
before elevated plus-maze test.
2.3. Elevated Plus-Maze
The black metal apparatus had equal arms. Its two arms
were closed by walls (40×50×10 cm) and arranged in
line with two opposite open arms (50×10 cm). The maze
was elevated 50 cm above the floor. Rats were placed in
the center of the maze facing the open arms. The Rats
were excluded, and their behaviors monitored by digital camera above the maze for 10 min. After each test,
the apparatus was cleaned with 10% ethanol to eliminate
any remaining odors. The time spent in the open arms,
the number of entries into the open arms, and percentage
entries into the open arms were calculated (Lister, 1987;
Pellow, Chopin, File, & Briley, 1985).
2.4. Statistical Analysis
All the results are presented in terms of mean±SEM.
Data were analyzed by one-way ANOVA. Post hoc comparisons were performed using the Tukey-Kramer test
to determine the effects of various treatments. A p-value
less than 0.05 was considered to be significant.

3. Results
3.1. Effects of CB1 receptor agonist, Win-55212-2
The effects of different doses of Win-55212-2 on the
time spent in the open arms and percentage of entries
in open arms are shown in Figure1. The total distance
covered by the Win-55212-2 groups was not significant-
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ly different from the controls (Figure 1. A.). One-way
ANOVA showed that there was a significant difference
between experimental groups in time spent in open arms,
percentage of entries into open arms, but not number of
entries to closed arms. One-way ANOVA showed that
Win-55212-2 caused an increase in percentage of entries in open arms. Win-55212-2 significantly affected in
doses 1 mg/kg (P<0.01) and 5 mg/ kg (P<0.05) compare
to control rats (Figure 1. B.). Tukey-Kramer test analysis
showed that Win-55212-2 treated groups spent a significantly longer duration of time in the open arms than the
control group. Win-55212-2 administered at doses 1 mg/
kg (P <0.01) and 5 mg/ kg (P<0.05) exert significantly
affect compare to control group (Figure 1. C.). The number of closed arms entries was not significantly different
for groups that received Win-55212-2 (Figure 1. D.).
3.2. Effects of CB1 receptor antagonist, AM-251
The effects of different doses of AM-251 on the percentage of entries in open arms and time spent in the
open arms are shown in Figure 2. The total distance covered by the AM-251 groups was not significantly different from the controls (Figure 2. A.). One-way ANOVA
showed that AM-251 injected into the rats significantly

decreased both of the percentage of entries in the open
arms and time spent in the open arms, compared to controls. AM-251 significantly decreased percentage of
entries in the open arms for the doses of 1 and 5 mg/
kg (P<0.05; Figure 2. B.). Also, the Tukey-Kramer test
analysis revealed a significant reduction for the doses
of 1 mg/kg (P<0.05) and 5 mg/ kg (P<0.01) compare to
control rats in the time spent in the open arms (Figure 2.
C.). No effect was found in the number of enclosed arms
entries in experimental groups (Figure 2.D.).
3.3. Effects of endocannabinoid breakdown inhibitor, URB-597
The effects of different doses of URB-597 on the
time spent and percentage of entries in the open arms
are shown in Figure 3. The total distance covered by
the URB-597 treated rats was not significantly different from the controls (Figure 3 A). One-way ANOVA
revealed that URB-597 treated animals exhibited significantly differences compare to control group in the time
spent and percentage of entries into open arms, but not
number of entries to closed arms. The Tukey-Kramer
test analysis show that URB-597 significantly increased
percentage of entries into opens arms (P<0.01; Figure 3.
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Figure 1. Effect of Win-55212-2 (0.3, 1, and 5 mg/kg) treatment on elevated plus-maze performance: total distance covered by
rats (A), the percentage of entries in open arms (B), time spent in open arms (C) and number of closed arms entry (D) during
the 10 min test session in EPM. Data were analyzed by one-way ANOVA followed by Tukey–Kramer test (n= 10 per group). *
P<0.05, and ** P<0.01 compared to control (saline).
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Figure 2. Effect of AM251 (0.3, 1 and 5 mg/kg) administration on the elevated plus-maze performance: total distance covered
by rats (A), the percentage of entries in open arms (B), time spent in open arms (C) and number of closed arms entry (D) during
the 10 min test session in EPM. Data were analyzed by one-way ANOVA followed by Tukey–Kramer test (n=10 per group). *
P<0.05, and ** P<0.01 compared to control (saline).

B) and at the doses of 0.1 and 0.3 mg/ kg significantly
increased the time spent in open arms (p <0.05; Figure
3. C). URB-597 administrated rat did not exhibit significantly change compare to control rat in the number of
enclosed arms (Figure 3.D.).

4. Discussion
The results show that administering Win-55212 and
URB-597 attenuates anxiety behavior, but, rat treatment
AM251 exhibited anxieogenic behavior. All of the CB1
receptor agents used did not have any effect on the locomotion of rats in the elevated plus-maze.
Our result is similar to previews investigations that the
cannabinoid has anxiolytic properties in various rodent
models (Haller, Varga, Ledent, Barna, & Freund, 2004;
Haller, Varga, Ledent, & Freund, 2004; Kathuria et al.,
2003; Marco et al., 2004; Martin, Ledent, Parmentier,
Maldonado, & Valverde, 2002; Moreira et al., 2006;
Moreira et al., 2008). Likewise, systemic activation of
CB1 receptors produced anxiolytic effects in the elevated plus-maze (Naderi et al., 2008; Patel & Hillard,
2006). Blockade of the endogenous cannabinoid by CB1
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antagonist induce anxiety-like responses in rats (Navarro
et al., 1997).
However, no effect of CB1 receptors have been reported in the light dark box, fear conditioning and elevated
plus-maze (Chhatwal, Davis, Maguschak, & Ressler,
2005; Crawley et al., 1993; Giuliani, Ferrari, & Ottani,
2000; Marco et al., 2004). The anxiogenic effects of CB1
receptors have been reported in both systemic and intra
hippocampal in plus-maze and hole board testes (Arévalo, de Miguel, & Hernández-Tristán, 2001; Roohbakhsh,
Moghaddam, Massoudi, & Zarrindast, 2007). Some of
cannabinoid receptor agonists produce anxiolytic effects
in the plus maze at low doses (Patel et al., 2006) and
in higher doses produce an anxiogenic profile (Long et
al., 2010; Viveros, Marco, Llorente, & Lopez-Gallardo,
2007).
Now, it has been demonstrated that cannabinoids exert their actions via CB1 receptors in the central nervous
system (Di Marzo et al., 2000; Pertwee, 2000).These
receptors are localized in brain regions (i.e. prefrontal
cortex, nucleus accumbens, amygdala, and hippocampus) that are involved in emotion and anxiety behavior
(Breivogel et al., 1990; Micale et al., 2009). Compounds
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such as cannabidiol and synthetic CB1 receptor agonists
via activation canabinoide receptors produced anxiolytic
behavior (Berrendero & Maldonado, 2002; Crippa et al.,
2011; Fabrício Araújo Moreira, Aguiar, & Guimarães,
2007). Anxiety is increased by genetic and pharmacological inhibition of the CB1 receptor (Haller et al.,
2004; Patel et al., 2006; Viveros, Marco, & File, 2005).
Martin et al. showed that CB1 knockout mice were more
anxious than wild type in elevated plus maze test (Martin
et al., 2002).
Pharmacological block of FAHH activity attenuated anxiety via of CB1 receptors (Gaetani et al., 2003;
Gaetani et al., 2009; Kathuria et al., 2003; Micale et al.,
2009; Patel et al., 2006). Our results confirm the anxiolytic behavior among FAAH inhibition knocked-out
mice and wild type (Fabrício Araújo Moreira et al.,
2007; Moreira et al., 2008). Endogenous cannabinoids
release is “on request” (Gaetani et al., 2009). They are
not synthesized and stored in synaptic vesicles. While,
endocannabinoids were synthesized from membrane
precursors and immediately released in the synaptic cleft
following neuronal activation. URB597 potently inhibit
FAAH activity and induce increase anandamid levels in
the brain (Di Marzo et al., 2000; Gaetani et al., 2009).

URB597 indirectly enhance endocannabinoids neurotransmission and exert anxiolytic-like effect (Kathuria et
al., 2003; Moreira et al., 2008; Patel et al., 2006; Rubino
et al., 2008).
Controversial results have been reported under different conditions of experiments (Bisogno et al., 2007;
Lafenêtre et al., 2007; Long et al., 2010; Viveros et al.,
2007). It is hypothesized that the test conditions, differences in agonists, various doses and type of treatment
is responsible for contentious effects of cannabinoid
compounds on animal behavior. Also, various doses
(Arévalo et al., 2001; Long et al., 2010; Marco et al.,
2004), test conditions (Arévalo et al., 2001; Chegini et
al., 2014; Chhatwal et al., 2005; Crawley et al., 1993;
Giuliani et al., 2000; Marco et al., 2004; Roohbakhsh et
al., 2007) and kind of knocked-out mice (Martin et al.,
2002; Moreira et al., 2008) have important role in the
behavior of animals in the various types of experiments.
In conclusion, CB1 receptor agonists, Win-55212 and
CB1 receptor antagonists, AM-251 produced anxiolyticand anxiogenic-like effects, respectively. URB597 via
inhibit FAAH activity and increasing anandamid levels
potentiated anxiolytic effect of cannabinoid. This find-
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Figure 3. Effect of URB-597 (0.03, 0.1, and 0.3 mg/kg) treatment on elevated plus-maze performance: total distance covered by
rats (A), the percentage of entries in open arms (B), time spent in open arms (C) and number of closed arms entry (D) during
the 10 min test session in EPM. Data were analyzed by one-way ANOVA followed by Tukey–Kramer test (n=10 per group). *
P<0.05, and ** P< 0.01 compared to control (saline).
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ing suggests that the potentiation of cannabinoid system may be considered as a beneficial strategy for the
treatment of anxiety. In order to generalize these findings more to humans; future research using biological
and pharmacological studies in rodents of both sexes are
recommended.
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