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Background: The elevated plus-maze (EPM) has been broadly used to investigate anxiolytic and anxiogenic compounds. There is little
information about the effect of interaction between calcium channels and cannabinoid system on the phenomenon of anxiety.
Objectives: This study aimed to examine the effects of acute and chronic coadministration of AM251, as cannabinoid CBI receptor
antagonist, and Verapamil, as L-type Ca®* channels blocker, on EPM test in rats.

Materials and Methods: The data were obtained from male Wistar rat, weighing 220 to 260 g. Animals were allocated to five groups:
Control, Verapamil, AM251, acute Verapamil + AM251, and chronic (injection for 8 days) Verapamil + AM251 groups. The percentage of
entries into the open arms of the EPM, the time spent in the open arms, and the number of entries into the closed arms during ten minutes
was recorded.

Results: Intraperitoneally (IP) injection of AM251 before EPM trial decreased open arms exploration and open arm entry. On the other
hand, Verapamil increased open arms exploration and open arm entry. Combined injection of Verapamil and AM251 had conflicting
effects on the responses of each of these two compounds alone. AM251 and Verapamil had no effects on the number of closed arm entries.
Conclusions: IP injection of CB1 receptor antagonist might have an anxiogenic profile in rat, whereas calcium channel blocker attenuated
the anxiogenic effect of AM251. Our results suggest that there is an interaction between functions of L-type Ca?* channels and cannabinoid

system in anxiety.
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1. Background

Anxiety is among the most common psychologic
disorders with high worldwide prevalence (1).
Pharmacologic studies, clinical investigations, and in
recent years, analyses of genetically-modified mice have
implicated a remarkable diversity of mechanisms in the
etiology, modulation, and treatment of anxiety (2). The
neurobiological underpinnings of anxiety disorder has
been studied in both animal and human models, and it
is widely accepted that dysregulation of brain regions
and structures are associated with anxiety (3). A variety
of neurotransmitter mechanisms such as GABAergic,
serotonergic, noradrenergic, and endocannabinoid
systems contribute to the regulation of anxiety behavior
(4). Cannabinoid system is affected with cannabinoid
drugs derived from Cannabis sativa and exogenesis
cannabinoid agents(5). The psychoactive constituents are
hashish, 9-tetrahydrocannabinol (THC), cannabidiol, and
marijuana (6). Several levels of evidence suggest that the
endocannabinoid system plays a role in the regulation
of mood or anxiety (7). Therefore, the cannabinoid
system can be seen as one of the key regulatory elements

of anxiety behavior (8). Cannabinoids are produced
throughout the brain and cannabinoid CB1 receptors are
particularly well-represented in the cortex (entorhinal
and cingulate), hippocampus, lateral septum, nucleus
accumbens, amygdala, and peri-aqueductal gray area
(PAG) (2). Cannabinoid receptor agonists/antagonists
have been shown to exertanxiolyticeffectsin some studies
(9) but anxiogenic effects in others (10-13). Furthermore,
CB1 receptor agonists are reported to induce biphasic
effects, with lower doses being anxiolytic and higher
doses being anxiogenic (14). Through using CB1 receptor
knockout mice, several studies have reported anxiogenic
responses in classical anxiety paradigms such as elevated
plus-maze (8).

Calcium ion is the most common signal transduction
element in neurons and its entry is tightly regulated
by two major classes of voltage-gated calcium channels
(VGCCs): the high-voltage activated (HVA) (L, P/Q, and N-
type) and the low-voltage activated (LVA) (T-type) calcium
channels. It has been suggested that calcium channel af-
fects anxiety-related behaviors (15). Furthermore, it has
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been shown that nimodipine, flunarizine, and Verapamil,
which are L-type VDCC antagonists, blocked nicotine-in-
duced and amphetamine-induced withdrawal signs, in-
cluding increased anxiety and depression-like state, after
seven or 14 days of spontaneous cessation of drug admin-
istration in mice at the doses that did not have any effects
in naive mice in those behavioral paradigms by them-
selves (16). Verapamil hydrochloride is a calcium channel
blocker (CCB) of the phenylalkylamine group that binds
with high affinity to the a1-subunit of the L-type calcium
channel complex (17).

There is a variety of animal tests for the investigation
of anxiolytic or anxiogenic effects of substances (18, 19).
Behavior in the elevated plus-maze (EPM) is a model
of anxiety for rodents and it might serve as a new basis
for developing anxiolytic agents and investigating
psychologic and neurochemical factors of anxiety (20-22).
Rats were allowed to explore two elevated open and two
elevated closed arms of the EPM apparatus that has been
confirmed to be applicable to rats and mice. According
to Barrett, an anxiolytic effect is suggested when the
drug increases open arms entries without altering the
total number of arm entries (19-21, 23). An increase of the
time and the proportion of the entrances into the open
arms without a changed locomotor activity is regarded
as a powerful marker for an anxiolytic substance effect
(22). Locomotor activity of the animals was assessed by
measuring the number of entries into closed arms and
total distance travelled by the animal (24-27).

2. Objectives

Despite available data about the effect of cannabinoid
system and calcium channels role on anxiety
phenomenon, the interaction of these two systems on
anxiety have not been studied. In addition, it is not clear
whether the effect of cannabinoid system on anxiety in
part is a result of its effect on L-type calcium channels.
Therefore, in this study the effects of cannabinoid
antagonist compound (AM251) and L-type CCB
(Verapamil), either alone or in combination, on anxiety
were investigated using acute and chronic models of
administration in rats.

3. Materials and Methods

3.1. Animals

Male Wistar rats weighting 220 to 260 g were pur-
chased from Pasteur Institute (Tehran, Iran). They were
keptat20 +2°C in a12-hour light/12-hour dark cycle with
food and water supply ad libitum. Animals were accli-
mated to laboratory conditions for one week before the
experiments. Each rat was used only once. All research
and animal care procedures were approved by the Vet-
erinary Ethics Committee of the Hamadan University
of Medical Sciences and were performed in accordance
with the National Institutes of Health Guide for Care

and Use of Laboratory Animals (NIH Publication No. 85-
23, revised 1985). A total of 50 male rats were allocated
to five groups of ten as follows: 1) Control, 2) Verapamil,
3) AM251, 4) Acute Verapamil + AM251, 5) Chronic Vera-
pamil + AM251.

3.2. Drugs

AM251 (1 mg/kg; Sigma, USA) as CB1 receptor antagonist
Verapamil (25 mg/kg; Sigma, Germany) as CCB were
used. Physiologic saline (0.9% sodium chloride) and
dimethylsulfoxide (DMSO) (Sigma, USA) were used as the
vehicle (control group). All drugs were prepared freshly
and administered intraperitoneally (IP) in a volume of 0.1
mL per10 g of body weight. In acute groups, all substances
were administrated 30 minutes before EPM test.

3.3. Elevated Plus-Maze Test

Anxiolytic activity of substances was measured using
the EPM test. This test has been widely validated to
measure anxiety in rodents (20-23). Briefly, for rats, the
apparatus consisted of two open arms (50 x 10 x 1 cm
each), two enclosed arms (50 x 10 x 50 cm each), and a
central platform (10 x 10 cm), arranged in such a way that
the two arms of each type were opposite to each other.
The maze was elevated 50 cm above the floor. Rats were
placed in the center of the maze facing the open arms.
The Rats explored the maze and their behaviors were
monitored by digital camera above the maze for ten
minutes. 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 of entries into the open arms
were calculated (21, 22). In acute groups, animals were
tested 30 minutes after IP injection of AM251, Verapamil,
or combination of both substances. In chronic groups,
animals were tested following eight days of treatment
with assigned substances.

3.4. Statistical Analysis

All the results were presented in terms of mean *
standard error of means (SEM). The data were analyzed
using one-way ANOVA followed by Tukey’s post-hoc test
for multiple comparisons. Differences were considered
significant at P < 0.05.

4.Results

4.1. Effects on the Percentage of Entries in Open
Arms

The effects of AM251, Verapamil, and AM251+ Verapamil
on the percentage of entries in open arms are shown
in Figure 1. One-way ANOVA showed that there was a
significant difference between experimental groups
in percentage of entries into open arms. Tukey's post-
hoc test revealed significant reduction in percentage of
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Figure 1. The Effects of AM251, Verapamil, Acute AM251 + Verapamil, and
Chronic AM251 + Verapamil on the Percentage of Entries into Open Arms
During the Ten-Minute Test Session
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Figure 2. The Effects of AM251, Verapamil, Acute AM251+ Verapamil, and
Chronic AM251+ Verapamil Administration on the Time Spent in Open
Arms During the Ten-Minutes Test Session
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Figure 3. The Effects of AM251, Verapamil, Acute AM251+ Verapamil, and
Chronic AM251+ Verapamil Administration on the Number of Closed
Arm Entries During the Ten-Minutes test Session
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entries into the open arms after administration of AM251
(P < 0.05) whereas Verapamil treated groups showed a
significant increases in percentage of entries into open
arms (P < 0.05) in comparison with control group.
Considering the involvement of both cannabinoid
system and calcium channels in anxiety and the overlap
of the cannabinoid system and calcium channels in
the central nervous system, we investigated the effects
of AM251 and Verapamil coadministration on animal’s
behavior in EPM. Our results indicated that chronic
coadministration of AM251 + Verapamil had different
effects on the percentage of entries, which was higher
than AM251and AM251+ Verapamil acute groups (P < 0.05
for both).

4.2. Effects on the Time Spent in Open Arms

Rats in AM251 group showed significant decrease in
the time spent in open arms in comparison with control
group (P < 0.05). Verapamil administration significantly
enhanced the time spent in open arms in comparison to
the control groups (P < 0.05). Chronic coadministration
of AM251 + Verapamil had different effects on the time
spent in open arms, which was higher than that in AM251
group (P <0.05) (Figure 2).

4.3. Effects on the Closed Arms Entry

The number of entrance into closed arms did not
exhibit significant changes by administration of AM251,
Verapamil, and AM251+ Verapamil in comparison to
control group(P > 0.05) (Figure 3).

5. Discussion

The results showed that although administration of
Verapamil attenuated anxiety behavior in rats, treatment
with AM251 led to anxiogenic behavior. L-type CCB and
cannabinoid receptor antagonist did not have any effect
on the locomotion of rats in EPM.

Our result was similar to previous investigations
showing that blockade of the endogenous cannabinoid
by CB1 antagonist could induce anxiety-like responses
in rats (28). In that regard, it has been reported that
cannabinoids have anxiolytic properties in various
rodent model (12, 29-33). Likewise, systemic activation of
CBireceptors produced anxiolytic effects in EPM (34, 35).
However, no effect by CB1 receptors has been reported
in the light-dark box, fear conditioning, and EPM (31,
36-38). The anxiogenic effects of CB1 receptors have
been reported in both systemic and intra-hippocampal
in plus-maze and hole board testes (39, 40). Some of
the cannabinoid receptor agonists produce anxiolytic
effects in the plus maze at low doses (35) and produce
an anxiogenic profile in higher doses (41). Furthermore,
it has been shown that THC and other CBI receptor
agonists exert a bidirectional influence on anxiety
responses according to the administrated dosage (42-
47). The biphasic effects of cannabinoids on anxiety-
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related responses have been extensively documented in
rodents. In agreement with human evidence, preclinical
studies have elucidated that the acute administration
of low doses CBI receptor agonists elicits anxiolytic-
like effects in avoidance tasks (12, 35, 48). Conversely,
high concentrations of the same compounds are
generally associated with the opposite outcomes (31,
49, 50). In human studies, it has been reported that
consumption of modest amounts of cannabis and CB1
receptor agonists would result in euphoria, relaxation,
heightened perception, sociability, and creativity while
moderate to high doses have been reported to elicit
phobia, agitation, panic, dysphoria, and cognitive
impairments (42-47). In line with these premises,
early studies showed a robust anxiolytic effect of low-
dose nabilone in comparison with placebo (51, 52).
Additionally, the few available reports on the clinical
outcomes of recreational cannabinoids showed that
a moderate consumption of these substances was
generally associated with euphoria and disinhibition
(53), but the abuse of these substances was associated
with high levels of anxiety and mood disturbances
(54-56). Now, it knows that cannabinoids exert their
actions via CBI1 receptors in the central nervous system
(57, 58). These receptors are localized in brain regions,
i.e. prefrontal cortex, nucleus accumbens, amygdala,
and hippocampus, which are involved in emotion
and anxiety behavior (59, 60). Compounds such as
cannabidiol and synthetic CB1 receptor agonists
produce anxiolytic behavior via activation cannabinoid
receptors (5, 61). Anxiety is increased by genetic and
pharmacologic inhibition of the CB1 receptor (12, 29,
35, 62). Martin et al. showed that CB1 knockout mice
were more anxious than wild types were in EPM (63).
Nevertheless, contradictory results have been reported
under different experiment conditions (41, 64, 65). It is
hypothesis that test conditions, differences in agonists,
various doses, and the treatment are responsible for
contentious effects of cannabinoid compounds. For
example, various doses (31, 39), test conditions (31,
36, 38-40), and kind of knocked-out mice (33, 63) are
important factors in the observed behavioral effects in
the experiment.

Calcium is an important signaling molecule in
neurons and as such, neuronal free [Ca?*] is highly
regulated. Brief, controlled elevations in cytoplasmic
Ca?* levels occur during physiologic processes such as
neurotransmitter release (66-69). More importantly,
elevated levels of intracellular Ca?* are thought to
activate numerous Ca?*-dependent processes that
lead to cell death and blockage of Ca?* channels might
play a key role in preventing these events (70). Several
evidence showed that L-type Ca?* channels modulate
several neuronal processes. It has been shown that
blockade of L-type Ca?* channels could affect the actions
of endogenous or exogenous cannabinoid compounds
in acute and chronic models of seizure which were

performed by pentylenetetrazole and electrical
stimulation of amygdala, respectively(71). The Ca?*influx
is a necessary step in both neurotransmitter release and
synthesis of endocannabinoids (72). In contrast, Ca%*
influx inhibition leads to reduction in endocannabinoid
synthesis (71). Secretion of neuromodulators has been
reported to be dependent to L-type voltage-dependent
calcium channels (78-80). On the other hand, it has
been demonstrated that the L-type Ca?* channels exist
at presynaptic terminals of central synapses and are
activated by membrane depolarization while the Ca%*
influx through L-type Ca?* channels does not directly
trigger transmitter release as effectively as N-type and
P/Q-type Ca?* channels (73-76). On contrary, other studies
have shown that the L-type Ca?* channels selectively
contribute to presynaptic facilitation and potentiation
(77-79). Moreover, it has been reported that the synthetic
cannabinoid receptor agonist, HU210, inhibited the
capsaicin-induced influx of Ca%*. The inhibitory effects
of HU210, in general, are consistent with several
reports of cannabinoid inhibition of capsaicin-evoked
responses (80). Moreover, an increase of intracellular
Ca?* concentrations, which might activate the Ca?*-
dependent N-acyltransferase (NAT) (81). NAT controls
the rate-limiting step in anandamide synthesis (82).
In amygdala kindling, which was considered as a
chronic model of seizure, the cannabinoid receptor
agonist WIN55, 212-2 showed protective effects based
on measured seizure parameters. Moreover, while
Verapamil administration did not change seizure
parameters in this model of temporal lobe epilepsy, co-
administration of Verapamiland WIN55,212-2 attenuated
the protective effect of WIN55, 212-2 against amygdala-
kindled seizures in rat (71). It was shown to have no
major side effects although there are controversial
reports on mnemonic effect of chronic and acute
administration of Verapamil (83). Coadministration of
either Verapamil or diltiazem with URB597 significantly
attenuated the antiseizure effect of the cannabinoid
compound. In addition, coadministration of Verapamil
and arachidonyl-2-chloroethylamide (ACEA) diminished
the protective effect of ACEA in pentylenetetrazole-
induced seizure (53).

In conclusion, Verapamil and AM251 produced
anxiolytic-like and anxiogenic-like effects, respectively.
It has been shown that the calcium channel modulate
cannabinoid output that causes changes in anxiety level;
nonetheless, in contemporary studies of the consumption
of two substances, CCB could change the production
of endocannabinoids, which in turn results in the
enhancement of anxiolytic effect. This finding suggests
that the potentiation of cannabinoid system might be
considered as a beneficial strategy for the treatment of
anxiety. Future investigations are essential for better
understanding the interactive effects and neurobiological
mechanisms of action of endocannabinoid system and
calcium channel on properties of anxiety.

Avicenna ] Neuro Psych Physio. 2014;1(2):e24450



KomakiAetal.

Acknowledgements

The authors would like to express their gratitude to the
staff of the Neurophysiology Research Center for helping
them carry out this project.

Funding/Support

This research was supported by a grant from the
Hamadan University of Medical Sciences, Iran (Grant
number: 890916139491).

References

1.

12.

13.

14.

15.

16.

17.

Steel Z, Marnane C, Iranpour C, Chey T, Jackson JW, Patel V,
et al. The global prevalence of common mental disorders: a
systematic review and meta-analysis 1980-2013. Int | Epidemiol.
2014;43(2):476-93.

Millan MJ. The neurobiology and control of anxious states. Prog
Neurobiol. 2003;70(2):83-244.

Edenfield TM, Saeed SA. An update on mindfulness meditation
as a self-help treatment for anxiety and depression. Psychol Res
Behav Manag. 2012;5:131-41.

Viveros MP, Marco EM, File SE. Endocannabinoid system
and stress and anxiety responses. Pharmacol Biochem Behav.
2005;81(2):331-42.

Crippa JA, Derenusson GN, Ferrari TB, Wichert-Ana L, Duran
FL, Martin-Santos R, et al. Neural basis of anxiolytic effects of
cannabidiol (CBD) in generalized social anxiety disorder: a
preliminary report. ] Psychopharmacol. 2011;25(1):121-30.

Adams IB, Martin BR. Cannabis: pharmacology and toxicology in
animals and humans. Addiction. 1996;91(11):1585-614.

Rubino T, Realini N, Castiglioni C, Guidali C, Vigano D, Marras E,
etal. Role in anxiety behavior of the endocannabinoid system in
the prefrontal cortex. Cereb Cortex. 2008;18(6):1292-301.
RuehleS,Rey AA,RemmersF, Lutz B.The endocannabinoid system
in anxiety, fear memory and habituation. | Psychopharmacol.
2012;26(1):23-39.

Saito VM, Wotjak CT, Moreira FA. [Pharmacological exploitation
of the endocannabinoid system: new perspectives for the
treatment of depression and anxiety disorders?]. Rev Bras
Psiquiatr. 2010;32 Suppl 1:57-14.

Carvalho AF, Reyes AR, Sterling RC, Unterwald E, Van Bockstaele
EJ. Contribution of limbic norepinephrine to cannabinoid-
induced aversion. Psychopharmacology (Berl). 2010;211(4):479-91.
Degroot A. Role of Cannabinoid Receptors in Anxiety Disorders.
Cannabinoids and the brain.. USA: Springer; 2008. pp. 559-72.
Haller ], Varga B, Ledent C, Freund TF. CBI cannabinoid
receptors mediate anxiolytic effects: convergent genetic and
pharmacological evidence with CBi-specific agents. Behav
Pharmacol. 2004;15(4):299-304.

Moreira FA, Lutz B. The endocannabinoid system: emotion,
learning and addiction. Addict Biol. 2008;13(2):196-212.

Reyes BA, Szot P, Sikkema C, Cathel AM, Kirby LG, Van Bockstaele
EJ. Stress-induced sensitization of cortical adrenergic receptors
following a history of cannabinoid exposure. Exp Neurol.
2012;236(2):327-35.

Gangarossa G, Laffray S, Bourinet E, Valjent E. T-type calcium
channel Cav3.2 deficient mice show elevated anxiety, impaired
memory and reduced sensitivity to psychostimulants. Front
Behav Neurosci. 2014;8:92.

Biala G, Polak P, Michalak A, Kruk-Slomka M, Budzynska B.
Influence of calcium channel antagonists on nonsomatic signs
of nicotine and D-amphetamine withdrawal in mice. Pharmacol
Rep. 2014;66(2):212-22.

Striessnig ], Grabner M, Mitterdorfer ], Hering S, Sinnegger
M], Glossmann H. Structural basis of drug binding to L Ca2+
channels. Trends Pharmacol Sci. 1998;19(3):108-15.

Stephens DN, Andrews ]S. Screening for anxiolytic drugs. In:
Willner P editor. Behavioural Models in Psychopharmacology:

Avicenna | Neuro Psych Physio. 2014;1(2):e24450

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

Theoretical, Industrial and Clinical Perspectives.. Cambridge:
Cambridge University Press; 1991.

Barrett JE. Animal behavior models in the analysis and
understanding of anxiolytic drugs acting at serotonin
receptors. In: Olivier B, Mos ], Slangen JL editors. Animal models
in psychopharmacology.: Basel Birkha user Verlag; 1991. p. 37-52.
Carobrez AP, Bertoglio L]. Ethological and temporal analyses of
anxiety-like behavior: the elevated plus-maze model 20 years on.
Neurosci Biobehav Rev. 2005;29(8):1193-205.

Lister RG. The use of a plus-maze to measure anxiety in the
mouse. Psychopharmacology (Berl). 1987;92(2):180-5.

Pellow S, Chopin P, File SE, Briley M. Validation of open:closed
arm entries in an elevated plus-maze as a measure of anxiety in
the rat. ] Neurosci Methods. 1985;14(3):149-67.

Pellow S, File SE. Anxiolytic and anxiogenic drug effects on
exploratory activity in an elevated plus-maze: a novel test of
anxiety in the rat. Pharmacol Biochem Behav. 1986;24(3):525-9.
Burghardt PR, Wilson MA. Microinjection of naltrexone into the
central, but not the basolateral, amygdala blocks the anxiolytic
effects of diazepam in the plus maze. Neuropsychopharmacology.
2006;31(6):1227-40.

Yildiz Akar F, Ulak G, Tanyeri P, Erden F, Utkan T, Gacar N.
7-Nitroindazole, a neuronal nitric oxide synthase inhibitor,
impairs passive-avoidance and elevated plus-maze memory
performance in rats. Pharmacol Biochem Behav. 2007;87(4):434-
43.

Bacchi F, Mathe AA, Jimenez P, Stasi L, Arban R, Gerrard P, et al.
Anxiolytic-like effect of the selective neuropeptide Y Y2 receptor
antagonist BIIE0246 in the elevated plus-maze. Peptides.
2006;27(12):3202-7.

Drapier D, Bentue-Ferrer D, Laviolle B, Millet B, Allain H, Bourin
M, et al. Effects of acute fluoxetine, paroxetine and desipramine
on rats tested on the elevated plus-maze. Behav Brain Res.
2007;176(2):202-9.

Navarro M, Hernandez E, Munoz RM, del Arco I, Villanua MA,
Carrera MR, et al. Acute administration of the CB1 cannabinoid
receptor antagonist SR 141716A induces anxiety-like responses in
the rat. Neuroreport.1997;8(2):491-6.

Haller ], Varga B, Ledent C, Barna |, Freund TF. Context-dependent
effects of CB1 cannabinoid gene disruption on anxiety-like and
social behaviour in mice. Eur ] Neurosci. 2004;19(7):1906-12.
Kathuria S, Gaetani S, Fegley D, Valino F, Duranti A, Tontini A,
et al. Modulation of anxiety through blockade of anandamide
hydrolysis. Nat Med. 2003;9(1):76-81.

Marco EM, Perez-Alvarez L, Borcel E, Rubio M, Guaza C, Ambrosio
E, et al. Involvement of 5-HT1A receptors in behavioural effects of
the cannabinoid receptor agonist CP 55,940 in male rats. Behav
Pharmacol. 2004;15(1):21-7.

Moreira FA, Aguiar DC, Guimaraes FS. Anxiolytic-like
effect of cannabidiol in the rat Vogel conflict test. Prog
Neuropsychopharmacol Biol Psychiatry. 2006;30(8):1466-71.
Moreira FA, Kaiser N, Monory K, Lutz B. Reduced anxiety-
like behaviour induced by genetic and pharmacological
inhibition of the endocannabinoid-degrading enzyme fatty
acid amide hydrolase (FAAH) is mediated by CB1 receptors.
Neuropharmacology. 2008;54(1):141-50.

Naderi N, Haghparast A, Saber-Tehrani A, Rezaii N, Alizadeh AM,
Khani A, et al. Interaction between cannabinoid compounds and
diazepam on anxiety-like behaviour of mice. Pharmacol Biochem
Behav. 2008;89(1):64-75.

Patel S, Hillard C]. Pharmacological evaluation of cannabinoid
receptor ligands in a mouse model of anxiety: further evidence
for an anxiolytic role for endogenous cannabinoid signaling. |
Pharmacol Exp Ther. 2006;318(1):304-11.

Chhatwal JP, Davis M, Maguschak KA, Ressler K]. Enhancing
cannabinoid neurotransmission augments the extinction of
conditioned fear. Neuropsychopharmacology. 2005;30(3):516-24.
Crawley JN, Corwin RL, Robinson J]K, Felder CC, Devane
WA, Axelrod ]. Anandamide, an endogenous ligand of the
cannabinoid receptor, induces hypomotility and hypothermia
in vivo in rodents. Pharmacol Biochem Behav.1993;46(4):967-72.
Giuliani D, Ferrari F, Ottani A. The cannabinoid agonist HU



KomakiAetal.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

210 modifies rat behavioural responses to novelty and stress.
Pharmacol Res. 2000;41(1):47-53.

Arevalo C, de Miguel R, Hernandez-Tristan R. Cannabinoid
effects on anxiety-related behaviours and hypothalamic
neurotransmitters. Pharmacol Biochem Behav. 2001;70(1):123-31.
Roohbakhsh A, Moghaddam AH, Massoudi R, Zarrindast MR.
Role of dorsal hippocampal cannabinoid receptors and nitric
oxide in anxiety like behaviours in rats using the elevated plus-
maze test. Clin Exp Pharmacol Physiol. 2007;34(3):223-9.

Viveros MP, Marco EM, Llorente R, Lopez-Gallardo M.
Endocannabinoid system and synaptic plasticity: implications
for emotional responses. Neural Plast. 2007;2007:52908.

Patton GC, Coffey C, Carlin JB, Degenhardt L, Lynskey M, Hall W.
Cannabis use and mental health in young people: cohort study.
BM]J. 2002;325(7374):1195-8.

Green B, Kavanagh D, Young R. Being stoned: a review of self-
reported cannabis effects. Drug Alcohol Rev. 2003;22(4):453-60.
Dannon PN, Lowengrub K, Amiaz R, Grunhaus L, Kotler M.
Comorbid cannabis use and panic disorder: short term and long
term follow-up study. Hum Psychopharmacol. 2004;19(2):97-101.
Tournier M, Sorbara F, Gindre C, Swendsen ]JD, Verdoux H.
Cannabis use and anxiety in daily life: a naturalistic investigation
in a non-clinical population. Psychiatry Res. 2003;118(1):1-8.
D'Souza DC, Perry E, MacDougall L, Ammerman Y, Cooper T, Wu
YT, et al. The psychotomimetic effects of intravenous delta-9-
tetrahydrocannabinol in healthy individuals: implications for
psychosis. Neuropsychopharmacology. 2004;29(8):1558-72.

Favrat B, Menetrey A, Augsburger M, Rothuizen LE, Appenzeller
M, Buclin T, et al. Two cases of "cannabis acute psychosis"
following the administration of oral cannabis. BMC Psychiatry.
2005;5:17.

Braida D, Limonta V, Malabarba L, Zani A, Sala M. 5-HTIA
receptors are involved in the anxiolytic effect of Delta9-
tetrahydrocannabinol and AM 404, the anandamide transport
inhibitor, in Sprague-Dawley rats. Eur | Pharmacol. 2007;555(2-
3):156-63.

Celerier E, Ahdepil T, Wikander H, Berrendero F, Nyberg F,
Maldonado R. Influence of the anabolic-androgenic steroid
nandrolone on cannabinoid dependence. Neuropharmacology.
2006;50(7):788-806.

Genn RF, Tucci S, Marco EM, Viveros MP, File SE. Unconditioned
and conditioned anxiogenic effects of the cannabinoid receptor
agonist CP 55,940 in the social interaction test. Pharmacol
Biochem Behav. 2004;77(3):567-73.

Glass RM, Uhlenhuth EH, Hartel FW, Schuster CR, Fischman
MW. A single dose study of nabilone, a synthetic cannabinoid.
Psychopharmacology (Berl).1980;71(2):137-42.

Fabre LF, McLendon D. The efficacy and safety of nabilone
(a synthetic cannabinoid) in the treatment of anxiety. J Clin
Pharmacol. 1981;21(8-9 Suppl):3775-82S.

Schifano F, Corazza O, Deluca P, Davey Z, Di Furia L, Farre M, et al.
Psychoactive drug or mystical incense? Overview of the online
available information on Spice products. Int | Cult Ment Health.
2009;2(2):137-44.

Muller H, Sperling W, Kohrmann M, Huttner HB, Kornhuber J,
Maler JM. The synthetic cannabinoid Spice as a trigger for an
acute exacerbation of cannabis induced recurrent psychotic
episodes. Schizophr Res. 2010;118(1-3):309-10.

Schneir AB, Cullen J, Ly BT. "Spice" girls: synthetic cannabinoid
intoxication. | Emerg Med. 2011;40(3):296-9.

Benford DM, Caplan JP. Psychiatric sequelae of Spice, K2, and
synthetic cannabinoid receptor agonists. Psychosomatics.
2011;52(3):295.

Di Marzo V, Breivogel CS, Tao Q, Bridgen DT, Razdan RK, Zimmer
AM, et al. Levels, metabolism, and pharmacological activity of
anandamide in CB(1) cannabinoid receptor knockout mice:
evidence for non-CB(1), non-CB(2) receptor-mediated actions of
anandamide in mouse brain. ] Neurochem. 2000;75(6):2434-44.
Pertwee RG. Cannabinoid receptor ligands: clinical and
neuropharmacological considerations, relevant to future
drug discovery and development. Expert Opin Investig Drugs.
2000;9(7):1553-71.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81

Breivogel CS, Childers SR. The functional neuroanatomy of brain
cannabinoid receptors. Neurobiol Dis. 1998;5(6 Pt B):417-31.
Micale V, Cristino L, Tamburella A, Petrosino S, Leggio GM, Drago
F, et al. Anxiolytic effects in mice of a dual blocker of fatty acid
amide hydrolase and transient receptor potential vanilloid type-
1channels. Neuropsychopharmacology. 2009;34(3):593-606.
Berrendero F, Maldonado R. Involvement of the opioid
system in the anxiolytic-like effects induced by Delta(9)-
tetrahydrocannabinol. Psychopharmacology (Berl). 2002;163
(1):111-7.

Uriguen L, Perez-Rial S, Ledent C,PalomoT,Manzanares].Impaired
action of anxiolytic drugs in mice deficient in cannabinoid CB1
receptors. Neuropharmacology. 2004;46(7):966-73.

Martin M, Ledent C, Parmentier M, Maldonado R, Valverde
0. Involvement of CB1 cannabinoid receptors in emotional
behaviour. Psychopharmacology (Berl). 2002;159(4):379-87.
Bisogno T, Di Marzo V. Short- and long-term plasticity of the
endocannabinoid system in neuropsychiatric and neurological
disorders. Pharmacol Res. 2007;56(5):428-42.

Lafenetre P, Chaouloff F, Marsicano G. The endocannabinoid
system in the processing of anxiety and fear and how CB1
receptors may modulate fear extinction. Pharmacol Res.
2007;56(5):367-81.

Gnegy ME. Ca2+/calmodulin signaling in NMDA-induced
synaptic plasticity. Crit Rev Neurobiol. 2000;14(2):91-129.

Malenka RC, Nicoll RA. Long-term potentiation-a decade of
progress? Science.1999;285(5435):1870-4.

Tzounopoulos T, Stackman R. Enhancing synaptic plasticity
and memory: a role for small-conductance Ca(2+)-activated K+
channels. Neuroscientist. 2003;9(6):434-9.

West AE, Chen WG, Dalva MB, Dolmetsch RE, Kornhauser
JM, Shaywitz A], et al. Calcium regulation of neuronal gene
expression. Proc Natl Acad Sci U S A. 2001;98(20):11024-31.
Kulak W, Sobaniec W, Wojtal K, Czuczwar SJ. Calcium modulation
in epilepsy. Pol ] Pharmacol. 2004;56(1):29-41.

Naderi N, Ahmad-Molaei L, Mazar-Atabaki A, Ronaghi A, Shirazi-
zand Z, Motiei-Langroudi SM, et al. L-type calcium channel
mediates anticonvulsant effect of cannabinoids in acute
and chronic murine models of seizure. Neurochem Res. 2012;
37(2):279-87.

Di Marzo V, Bifulco M, De Petrocellis L. The endocannabinoid
system and its therapeutic exploitation. Nat Rev Drug Discov.
2004;3(9):771-84.

Doze VA, Cohen GA, Madison DV. Calcium channel involvement
in GABAB receptor-mediated inhibition of GABA release in area
CA1 of the rat hippocampus. ] Neurophysiol. 1995;74(1):43-53.
Luebke ]I, Dunlap K, Turner TJ. Multiple calcium channel
types control glutamatergic synaptic transmission in the
hippocampus. Neuron. 1993;11(5):895-902.

Murakami N, Ishibashi H, Katsurabayashi S, Akaike N.
Calcium channel subtypes on single GABAergic presynaptic
terminal projecting to rat hippocampal neurons. Brain Res.
2002;951(1):121-9.

Scholz KP, Miller R]. Presynaptic inhibition at excitatory
hippocampal synapses: development and role of presynaptic
Ca2+ channels. | Neurophysiol. 1996;76(1):39-46.

Lashgari R, Motamedi F, Noorbakhsh SM, Zahedi-Asl S, Komaki
A, Shahidi S, et al. Assessing the long-term role of L-type voltage
dependent calcium channel blocker verapamil on short-term
presynaptic plasticity at dentate gyrus of hippocampus. Neurosci
Lett. 2007;415(2):174-8.

Jensen K, Mody I. L-type Ca2+ channel-mediated short-term
plasticity of GABAergic synapses. Nat Neurosci. 2001;4(10):975-6.
Zuhlke RD, Pitt GS, Deisseroth K, Tsien RW, Reuter H. Calmodulin
supports both inactivation and facilitation of L-type calcium
channels. Nature.1999;399(6732):159-62.

Oshita K, Inoue A, Tang HB, Nakata Y, Kawamoto M, Yuge O. CB(1)
cannabinoid receptor stimulation modulates transient receptor
potential vanilloid receptor 1 activities in calcium influx and
substance P Release in cultured rat dorsal root ganglion cells. |
Pharmacol Sci. 2005;97(3):377-85.

Reddy PV, Natarajan V, Schmid PC, Schmid HH. N-Acylation of

Avicenna ] Neuro Psych Physio. 2014;1(2):e24450



KomakiAetal.

dog heart ethanolamine phospholipids by transacylase activity. 83. Lashgari R, Motamedi F, Zahedi Asl S, Shahidi S, Komaki A.
Biochim Biophys Acta.1983;750(3):472-80. Behavioral and electrophysiological studies of chronic oral
82. Toth A, Blumberg PM, Boczan ]. Anandamide and the vanilloid administration of L-type calcium channel blocker verapamil on
receptor (TRPV1). Vitam Horm. 2009;81:389-419. learning and memory in rats. Behav Brain Res. 2006;171(2):324-8.

Avicenna | Neuro Psych Physio. 2014;1(2):e24450 7



