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Cannabinoid and serotonin systems regulate many biological processes. The aim of the present study was to investigate the
functional interaction between the cannabinoid and serotonergic systems of the primary somatosensory region (S1) of the
brain in epileptiform activity caused by penicillin. The ACEA (an agonist of CB, receptor), AM-251 (an antagonist of CB, receptor),
8-OH-DPAT (an agonist of 5-HT;, receptor) and WAY-100635 (an antagonist of 5-HTs receptor) were administered into the
S1 after the same site administration of penicillin in urethane-anesthetized rats. Electrocorticographic recording was done
for a 90-min period. The spike waves number and amplitude were recorded in 15-min intervals. Areas under the curve (AUC)
of the above-mentioned spike alterations was calculated in 90 min. Spike waves with frequency of 30/min and amplitude of
1.3 mV were appeared after penicillin microinjection. The ACEA (50 ng), 8-OH-DPAT (500 ng) and ACEA (10 ng) plus 8-OH-DPAT
(100 ng) reduced epileptiform activity. The AM-251 (50 ng) and WAY-100365 (500 ng) prevented the reducing effects of ACEA
(50 ng) and 8-OH-DPAT (500 ng). The AM-251 alone increased spike waves frequency. The AUC results supported the effects
of the above-mentioned treatments. The results showed that activating CB; and 5-HT, receptors in the ST may reduce the
epileptiform activity caused by penicillin. Therefore, alone and together activation of central CB; and 5-HT;, receptors might be

considered in the management of epilepsy treatment.
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INTRODUCTION

Epilepsy is defined as an important neurological
disorder resulting from abnormal electrical activity
of neurons in various brain structures including ce-
rebral cortex, cerebellum, thalamus and hippocam-
pus (Goodman & Szaflarski, 2021). This abnormal ac-
tivity can arise from an imbalance between inhibito-
ry gamma-amino butyric acid (GABA), and excitatory
(glutamate) neurotransmitter release, expression and
function (Wanleenuwat et al., 2020; Akyuz et al., 2021,
Sarlo & Holton, 2021). In this context, binding sites of
N-methyl-D-aspartate (NMDA) were increased by pen-
tylenetetrazole (PTZ) in the cerebral cortex and hippo-
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campus (Cremer et al., 2009). In addition, GABA, and
GABA; receptors expression were decreased in cerebral
cortex of pilocarpine-induced epileptic rats (Mathew et
al., 2012).

In addition to GABA and glutamate, many signal
molecules in the brain such as acetylcholine, nitric ox-
ide, cytokines and oxytocin also contribute to the neu-
ropathology of seizures (Erfanparast et al., 2017; Wang
et al., 2021; Boroujeni et al., 2022). Pharmacological
findings have suggested the use of cannabinoids in the
management of epilepsy (Arslan, et al., 2017; Cheung et
al., 2019). For example, anticonvulsive effects of canna-
binoid compounds in various animal models of epilep-
sy, such as PTZ model in mice (Gholizadeh et al., 2007)
and penicillin model of epileptiform activity in rats
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(Arslan et al., 2019) have been reported. In addition,
microinjection of anandamide (AEA), an endogenous
cannabinoid and WIN55,212, a non-selective agonist
of CB, receptor into the ventroposteromedial thalamic
nucleus (VPM) reduced absence seizures in the WAG/
Rij rats (Citraro et al., 2013). Experimental evidences
have suggested potential roles for serotonin and related
chemical compounds in epilepsy regulation (Sourbron
& Lagae, 2022). For example, a selective 5-HT,. antag-
onist, SB 242984, blocked the effects of lorcaserin and
CP-809,101 (agonists of 5-HT,. receptors) in absence
seizures (Venzi et al., 2016). In addition, pre-treatment
with SB269970, a selective antagonist of 5HT, receptor,
prevented epileptogenic effect of AS19, a selective ag-
onist of 5-HT, receptor in pilocarpine-induced epilepsy
(Yang et al., 2012).

Some brain functions are affected by interference
between cannabinoid and serotonin systems. For ex-
ample, pre-treatment with parachlorophenylalanine
(PCPA, 5-HT-depleting agent) abolished the antidepres-
sant-like effect induced by WIN55,212-2, an agonist of
CB, receptor (Bambico et al., 2007). Moreover, intraper-
itoneal administration of CP55,940, a non-selective ag-
onist of cannabinoid receptor, enhanced 5-HT,, recep-
tors expression in prefrontal cortex (Franklin & Carras-
co, 2012). In addition, pre-treatment with WIN55,212-2
counteracted pilocarpine-induced 5-HT,. receptors
downregulation (Di Maio et al., 2019).

Although reducing effect following intracerebro-
ventricular (ICV) injection of arachidonyl-2-chloro-
ethylamide (ACEA, an agonist of CB, receptor) in pen-
icillin model of epilepsy has been reported (Kozan et
al., 2009), CB, and 5-HT,, receptors involvement and
interaction have not been directly investigated re-
garding the primary somatosensory cortex (S1). The
S1 has potent roles in epilepsy regulation (Depau-
lis & Charpier, 2018), and contains high densities of
CB, and 5-H,, receptors (Mackie, 2005; Kropf et al.,
2019). Therefore, this study was aimed to find out
function as well as interaction of CB, and 5-HT,, re-
ceptors by intra-S1 microinjection of ACEA (an ago-
nist of CB, receptor), AM-251 (an antagonist of CB,
receptor), 8-OH-DPAT (an agonist of 5-HT,, receptor)
and WAY-100635 (an antagonist of 5-HT,, receptor), in
epileptiform activity induced by the same site admin-
istration of penicillin. In addition to the well-known
inhibitory effect on GABA receptors (Rossokhin et al.,
2014), penicillin also employs other mechanisms such
as P2X7 receptor - T-type calcium ion channel inter-
action, mitochondrial dysfunction, nitric oxide alter-
ation and oxidative and inflammatory mechanisms
to produce epileptiform activity (Arslan et al., 2019;
Aygun & Bilginoglu, 2020; Wanleenuwat et al., 2020;
Tiirel et al., 2022).
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METHODS
Animals

Male Wistar rats (180-200 g) that were used in this
study, were kept under standard conditions (22 * 0.5°C;
12 h-12 h dark-light cycle; with lights turned on at
07:00 h) with unrestricted access to food and water. All
experiments were conducted during the time between
9:00 h and 15:00 h. All experimental protocols were ap-
proved by Veterinary Ethics Committee of Urmia Uni-
versity Faculty of Veterinary Medicine (ethical code:
IR-UU-AEC-3/31-19-7-2023).

Chemicals

Chemical including arachidonyl-2-chloroethyl-
amide (ACEA, an agonist of CB, receptor), 1-(2,4-di-
chlorophenyl)-5-(4-iodophenyl)-4-methyl-N-(piperi-
din-1-yl)-1H-pyrazole-3-carboxamide (AM-251, an antag-
onist of CB, receptor), 8-hydroxy-2-(di-n-propylamino)
tetralin (8-OH-DPAT, an agonist of 5-HT,, receptor) and
N-[2-[4-(2-Methoxyphenyl)-1-piperazinyl]ethyl]-N-(2-pyr-
idyl)cyclohexanecarboxamide (WAY-100635, an antagonist
of 5-HT,, receptor) were purchased from Sigma-Aldrich
Chemical Co., St. Louis, MO, USA. Penicillin G potassium was
purchased from Jaber-Ebne-Hayyan Pharmaceutic. Co., Teh-
ran, Iran, Urethane was purchased from Merck Co., Darm-
stadt, Germany. The drug solutions were freshly prepared.

Study protocol

The time line and administration protocol have been
presented in Fig, 1. Animals were anesthetized and fixed in
stereotaxic apparatus at 30 and 20 min before intra-S1 mi-
croinjection of penicillin, Alone and co-administration of
antagonists (AM-251 and WAY-100635) and agonists (ACEA
and 8-OH-DPAT) into the S1 were done 15 min after penicil-
lin microinjection. The electrocorticographic (ECoG) activ-
ity was recorded from 10 min before penicillin administra-
tion and lasted up to 90 min after administration of drugs.
Ten minutes after the end of the ECoG recording, the brains
were taken out.

Experimental groups

Seventy-two rats were divided into 12 groups of six
as follows:

Group 1 (Vehicle group) received intra-S1 microin-
jection of vehicle after the same site administration of
penicillin.
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Fig. 1. Time line, microinjection protocol and electrocorticographic recording procedure used in the present study. Animals were anesthetized and placed
in stereotaxic device at 35 and 25 min before intra-S1 microinjection of penicillin, respectively. Alone and co-administration of antagonists (AM-251 and
WAY-100635) and agonists (ACEA and 8-OH-DPAT) into the S1 were done 15 min after penicillin microinjection. The ECoG activity was recorded from
10 min before penicillin administration and lasted up to 90 min after administration of drugs. Ten minutes after the end of the ECoG recording, the brains

were removed.

Groups 2 (ACEA 10 group) and 3 (ACEA 50 group)
were treated with intra-S1 microinjection of ACEA at
doses of 10 and 50 ng, respectively, after the same site
microinjection of penicillin.

Groups 4 (8-OH-DPAT 100 group) and 5 (8-OH-DPAT
500 group) received intra-S1 microinjection of
8-OH-DPAT at doses of 100 and 500 ng, respectively, af-
ter the same site penicillin administration.

Group 6 (ACEA 10+8-OH-DPAT 100 group) was treat-
ed with intra-S1 co-administration of low doses of
ACEA (10 ng) plus 8-OH-DPAT (100 ng), after the same
site microinjection of penicillin.

Group 7 (AM-251 50 group) received intra-S1 micro-
injection of AM-251 at a dose of 50 ng, after the same
site penicillin microinjection.

Groups 8 (AM-251 50+ACEA 50 group) and 9 (AM-251
50+8-OH-DPAT 500 group) were treated with intra-S1
co-administration of 50 ng AM-251 plus 50 ng ACEA and
50 ng AM-251 plus 500 ng 8-OH-DPAT, respectively, af-
ter the same site microinjection of penicillin.

Group 10 (WAY-100635 500 group) was treated with
intra-S1 microinjection of WAY-100635 at a dose of
500 ng, after intra-S1 administration of penicillin.

Groups 11 (WAY-100635 500+8-OH-DPAT 500 group)
and 12 (WAY-100635 500+ACEA 50 group) were treated
with intra-S1 administration of 500 ng WAY-100635
plus 500 ng 8-OH-DPAT and 500 ng WAY-100635 plus
50 ng ACEA, after the same site penicillin administra-
tion.

In the present study, the used doses of drugs were in
accordance with other investigations (Dos Santos et al.,
2008; Nasehi et al., 2009) and our preliminary studies.

Intra-S1 microinjection

After placing of anesthetized animal (1.2 mg/kg,
urethane) in a stereotaxic device (Stoelting, Wood Lane,
IL, USA), one hole with a diameter of 1 mm was made
in the skull bone with the following coordinates (Pax-
inos & Watson, 2007): 2 mm posterior to the bregma
and 2.6 mm lateral to midline. For microinjection into
the S1, the tip of a 5 uyL Hamilton syringe was placed at
a depth of 2.4 mm from the surface of the skull bone.
The volumes of test drugs and penicillin for microinjec-
tion into the S1 were 0.5 and 1 yL, respectively.

Epileptic focus induction and ECoG recording

The epileptic focus was induced by intra-S1 mi-
croinjection of 200 IU/1 uL penicillin G potassium
over a 120-s time period (Tamaddonfard et al., 2012).
The ECoG activity was recorded using DataLab 2000
system, Lafayette Instrument, USA. Three electrodes
with a length of 5 mm and a diameter of 0.5 mm were
used to record the ECoG. The frontal and parietal elec-
trodes were implanted 2 mm anterior and 4 mm poste-
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rior to the bregma, respectively, with equal distances
of 2.5 mm from the midline (Paxinos & Watson, 2007).
A reference electrode was inserted on body skin. The
electrode wires were attached to a general-purpose
interface bed (GPI bed, model 70701, Lafayette Instru-
ment Co., USA) through a biopotential amplifier (mod-
el 70702, Lafayette Instrument Co., USA) and finally to
a computer. To observe the basal waves, ECoG recording
started 15 min before and continued until 90 min af-
ter penicillin microinjection. The parameters including
frequency and amplitude of spike waves in 15-min in-
tervals were calculated offline.

Verification of intra-S1 microinjected site

Ten minutes after completing the recording of the
ECoG, 1 uL of methylene blue was microinjected into
the S1. Immediately after induction of deep anesthesia
with intracardiac injection of 0.5 ml of 10 % ketamine,
the animals were decapitated and the brains were
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brought out and dropped in a formalin (10 %) solution.
Four days later, the cortical site (S1) of administration
was controlled. Validation of the microinjection site
in the S1 brain section (A) and plate taken from the
atlas of Paxinos & Watson, 2007 (B) have been shown
in Fig. 2.

Statistical analysis

Graph Pad Prism 8.2.1 (GraphPad Software Inc.,
San Diego, CA, USA) used to analyze obtained data.
Time-point related results were analyzed using
two-way repeated measures ANOVA (analysis of vari-
ance) and then with Bonferroni’s test. The results ob-
tained from areas under the curves (AUC) were ana-
lyzed using one-way ANOVA followed by Tukey’s test.
The AUC was calculated by trapezoid method (Cardoso
et al., 2011). All data have been presented as mean *
SEM. The statistical significance of P less than 0.05 was
considered for all results.

Fig. 2. Longituidinal section (A) and schematic atlas plate (B) of the S1 of the brain showing the position of microinjection site. Hollow white arrow (A) and
black circle (B) indicate intra-S1 microinjection site. S1: Primary somatosensory cortex. The plates adapted from Paxinos and Watson stereotaxic atlas of

the brain of rats (Paxinos & Watson, 2007).
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RESULTS

ECoG recording alterations obtained from
the present study

Fig. 3 shows the ECoG recording alterations ob-
tained from the present study. Penicillin (200 1U) in-
duced spike waves with high frequency and amplitude
(Fig. 3A). ACEA (50 ng, Fig. 3C), 8-OH-DPAT (500 ng,
Fig. 3E) and 10 ng ACEA plus 100 ng 8-OH-DPAT (Fig. 3F)
decreased spike waves frequency and amplitude. ACEA
(10 ng, Fig. 3B) and 8-OH-DPAT (100 ng, Fig. 3D) had no
effects. AM-251 alone (50 ng, Fig. 3G) increased spike
waves frequency, and prior microinjection of AM-251
inhibited the effects of ACEA (50 ng, Fig. 3H) and
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8-OH-DPAT (500 ng, Fig. 31). WAY-100635 alone (500 ng,
Fig. 3]) increased spike waves frequency, and reversed
the reducing effects induced by 8-OH-DPAT (500 ng,
Fig. 3K) and ACEA (50 ng, Fig. 3L). A typical ECoG during
the basal brain activity of an anesthetized rat can be
seen in Fig. 3M. The first spike wave has been indicated
by the hollow white arrow in Fig. 3N.

Effects of separate and combined intra-S1
microinjections of ACEA, AM-251, 8-OH-DPAT
and WAY-100635 on spike waves frequency

Fig. 4 shows the effects of separate and combined
intra-S1 microinjections of ACEA, AM-251, 8-OH-DPAT

Fig. 3. The ECoG recordings samples obtained from right primary somatosensory cortex (S1). (A) epileptiform activity induced by microinjection of penicillin
into the S1. (B) and (C) shows the effects of intra-S1 microinjection of 10 and 50 ng of ACEA, respectively. (D) and (E) shows the effects of intra-S1 microinjection
of 100 and 500 ng 8-OH-DPAT, respectively. (F) shows co-administration of ACEA (10 ng) and 8-OH-DPAT (100 ng). The effect of intra-S1 microinjected AM-251
(50 ng) is shown in (G). The effects induced by co-administration of AM-251 (50 ng) with ACEA (50 ng) and 8-OH-DPAT (500 ng) are shown in (H) and (1),
respectively. The effect of intra-S1 microinjection of WAY-100635 (500 ng) is shown in ()). The effects of co-administration of WAY-100635 (500 ng) with
8-OH-DPAT (500 ng) and ACEA (50 ng) are shown in (K) and (L), respectively. (M) shows the baseline activity. (N) shows the first spike wave (white arrow).
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and WAY-100635 on spike waves frequency. Spike waves
frequency induced by penicillin was 30.14+1.45 No/min.
The ACEA (50 ng) and 8-OH-DPAT (500 ng) reduced all
15-min time points of spike waves frequency (Fig. 4A).
In addition, ACEA (10 ng) plus 8-OH-DPAT (100 ng) de-
creased the second-fourth 15-min time points of spike
waves frequency (Fig. 4A). The AM-251 (50 ng) alone in-
creased first-fifth 15-min time points of spike waves fre-
quency (Fig. 4B) and in co-microinjection treatment, it
reversed the decreased spike waves frequency induced
by ACEA (50 ng) and 8-OH-DPAT (500 ng) (Fig. 4B). The
WAY-100635 alone was without effect, whereas inhibit-
ed the reducing effects of 500 ng 8-OH-DPAT and 50 ng
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ACEA on spike waves frequency (Fig. 4C). Correspond-
ing AUC confirmed the significant effects induced by
the above-mentioned treatments on spike waves fre-
quency (Fig. 4D).

Effects of separate and combined intra-S1
microinjections of ACEA, AM-251, 8-OH-DPAT
and WAY-100635 on amplitude of spike waves

Fig. 5 shows the effects of separate and combined
intra-S1 microinjections of ACEA, AM-251, 8-OH-DPAT
and WAY-100635 on spike waves amplitude. The aver-
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Fig. 4. The effects of alone and co-microinjections of ACEA, 8-OH-DPAT (A), alone and co-microinjection of AM-251 with ACEA and 8-OH-DPAT (B) and alone
and co-microinjection of WAY-100635 with 8-OH-DPAT and ACEA (C) at 15-min time intervals and corresponding AUC (D) on spike waves frequency. Alone
and co-microinjections of test drugs into the S1 were performed 15 min after penicillin microinjection into the same site. The mean + SEM was applied for
expressing values (n=6). * P<0.05, f P<0.01 and * P<0.001 vs. vehicle.
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age amplitude of penicillin-induced spike waves was
1.27 mV. The ACEA (50 ng) and 8-OH-DPAT (500 ng) re-
duced all 15-min time points of spike waves amplitude
(Fig. 5A). In addition, ACEA (10 ng) plus 8-OH-DPAT
(100 ng) decreased the second-fourth 15-min time
points of spike waves amplitude (Fig. 5A). The AM-251
(50 ng) alone was without effect, whereas in co-micro-
injection treatment, it reversed the reducing effects
of 50 ng ACEA and 500 ng 8-OH-DPAT on waves ampli-
tude (Fig. 5B). The WAY-100635 alone had no effects,
whereas the reducing effects of 500 ng 8-OH-DPAT and
50 ng ACEA on spike waves amplitude were inhibit-
ed by co-microinjection of WAY-100635 (Fig. 5C). The
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above-mentioned treatment effects on spike waves am-
plitude were supported by corresponding AUC (Fig. 5D).

DISCUSSION

In this study, spike waves with frequency of 28-34
spike/min and amplitude of 1.2-1.4 mV were deter-
mined after intra-S1 microinjection of penicillin. Pen-
icillin microinjection into different areas of the brain
including motor cortex, sensory cortex, hippocampus
is widely used as a chemical model to investigate elec-
trophysiological mechanisms and behavioral responses

Fig. 5. The effects of alone and co-microinjections of ACEA, 8-OH-DPAT (A), alone and co-microinjection of AM-251 with ACEA and 8-OH-DPAT (B) and alone
and co-microinjection of WAY-100635 with 8-OH-DPAT and ACEA (C) at 15-min time intervals and corresponding AUC (D) on spike waves amplitude. Alone
and co-microinjections of test drugs into the S1 were performed 15 min after penicillin microinjection into the same site. The mean + SEM was applied for

expressing values (n=6). T P<0.01 and * P<0.001 vs. vehicle.
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to antiepileptic and epileptogenic drugs (Tamaddon-
fard et al., 2012; Erfanparast & Tamaddonfard, 2015;
Tasdemir et al., 2018; Taskiran et al., 2019; Musuroglu
Keloglan et al., 2023). Referring to the above-mentioned
studies, 25-32 spike/min with amplitude of 1.1-1.5 mV
have been completely evident (Tamaddonfard et al.,
2012; Erfanparast & Tamaddonfard, 2015; Tasdemir et
al., 2018; Taskiran et al., 2019; Musuroglu Keloglan et
al., 2023). Therefore, the results of the present study
support the aforementioned findings.

The ECoG recordings of the present study showed
that ACEA decreased epileptic spike waves number and
amplitude at the level of the S1, and this effect was in-
hibited by AM-251. Moreover, AM-251 alone increased
spike waves frequency. Therefore, CB, receptors in-
volvement in penicillin epilepsy was cleared by the
results of the present study. To this date, an explana-
tion indicating the direct role of the cannabinoid sys-
tem in the S1 processing of electroencephalographic
(EEG) changes caused by penicillin microinjection into
the same region has not been provided. However, ICV
injection of AM-251 and ACEA alone increased and de-
creased epileptiform activity induced by sensorimotor
microinjection of penicillin, respectively, and prior
administration of AM-251 inhibited the reducing ef-
fect of ACEA (Kozan et al., 2009). Similar proconvulsive
and anticonvulsive effects of ICV-injected AM-251 and
ACEA, respectively, have been reported in PTZ-induced
epileptic rats which determined by EEG and behavioral
outcomes (Al-Kaleel et al., 2023). Immunohistochemi-
cal findings have revealed the distribution of CB, re-
ceptors from cerebral cortex areas to the dorsal horn
of the spinal cord in rats (Tsou et al., 1998). In compari-
son with other brain structures, the CB, receptors with
moderate density are distributed in all cortical layers
of the rat brain (Bodor et al., 2005). Electrophysiologi-
cal data have suggested that CB, receptors are involved
in neuronal excitability. For example, SR141716A, a CB,
receptor antagonist, antagonized the suppressive ef-
fect of WIN55212-2 (a CB, receptor agonist) on spike
activity in basolateral amygdala neurons evoked by
medial prefrontal cortex electrical stimulation (Pistis
et al., 2004). In maximal dentate activation and pilocar-
pine-induced acute seizures models of temporal lobe
epilepsy, WIN55212-2 reduced electrically-induced ep-
ileptiform discharge, decreased pilocarpine-induced
acute seizures and increased latency of acute convul-
sions (Carletti et al., 2015). Considering the above find-
ings, the results of the present study suggest S1-CB, re-
ceptor contribution in penicillin-induced epileptiform
activity.

Present study ECoG results indicated that 8-OH-DPAT
alleviated penicillin-induced epileptiform activity,
and this effect was prevented by co-administration of
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WAY-100635. The results presented here, express the
contribution of 5-HT,, receptors in penicillin-induced
epilepsy. The 5-HT,, receptors are widely distribut-
ed in all areas of the rat brain including cerebral cor-
tex, hippocampus, brain stem nuclei and spinal cord
(Pompeiano et al., 1992), and involved in modulation
of the brain functions such as anxiety, depression and
epilepsy (Popova et al., 2013; Sourbron & Lagae, 2022).
Although there are no reports showing 5-HT,, recep-
tor involvement in penicillin-induced epileptiform ac-
tivity, WAY-100635 blocked the anti-seizure effects of
8-OH-DPAT and indorinate (a 5-HT1A receptor agonist)
in kainic acid-induced limbic seizures and amygda-
la kindling epilepsy (Lépez-Meraz et al., 2005). In the
PTZ model of epilepsy, 8-OH-DPAT, increased first my-
oclonic jerk (FMJ) time and decreased spike-wave dis-
charge (SWD) per minute (Sahin et al., 2019). To confirm
the inhibitory effect of activation of 5-HT,, receptors
on electrical activity, it should be noted that 5-HT and
8-OH-DPAT produced inhibitory effects on spontaneous
unit discharge in the S1. It has been reported that ap-
plication of serotonin and 8-OH-DPAT into the medium
containing slices of the CA, area of the hippocampus
causes reduction of spontaneous epileptiform activity
(Tokarski, et al., 2002).

The results of the present study showed that intra-S1
co-microinjection of low (ineffective) doses of ACEA
(10 ng) and 8-OH-DPAT (100 ng) produced antiepilep-
tic activity. In addition, ACEA (50 ng)-induced suppres-
sion of epileptic spikes was inhibited by WAY-100635
(500 ng). Moreover, AM-251 (50 ng) prevented the at-
tenuating effect of 500 ng 8-OH-DPAT on penicillin-in-
duced epileptiform activity. These results expressed
a cross interaction between CB, and 5-HT,, receptors
at the S1 level in modulation of penicillin-induced ep-
ileptiform activity. Functional interaction between CB,
and 5-HT,, receptors has been reported in a number of
brain functions. For example, alone and a co-treatment
with cannabidiol (CBD) and 8-OH-DPAT decreased mo-
tor activity, and WAY-100635 prevented the effects of
CBD and 8-OH-DPAT (Espejo-Porras et al., 2013). Using
forced-swimming test, reduction of immobility time
induced by microinjection of CBD and 8-OH-DPAT into
the ventral medial prefrontal cortex (vimPFC) blocked
by the same site WAY-100635 pre-administration (Sar-
tim et al., 2016). In the G protein-coupled receptor
system (GPCR), both CBD and 5-HT decreased cAMP
concentration at similar apparent levels of 5-HT,, re-
ceptor occupancy suggesting agonistic action of CBD at
the human 5-HT,, receptor (Russo et al., 2005). Based
on afore-mentioned findings, it seems that the present
study may represent the first report on the function-
al interaction between CB, and 5-HT,, receptors in the
processing of penicillin-induced epileptiform activity.
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The results presented here showed that ACEA and
8-OH-DPAT attenuated penicillin G potassium-induced
epileptiform activity. Penicillin G, as a protype p-lactam
antibiotic, suppresses GABAergic neurotransmission in
the central nervous system by blocking a voltage-de-
pendent open channel of GABA, receptor (Rossokhin et
al., 2014). In the CB, receptor knockout mice, reduction
of GABA, receptor densities in the hippocampus, thal-
amus and cerebral cortex have been reported (Urigiien
et al., 2011). Microinjection of WIN55212-2 into the
central nucleus of the amygdala (CeA) impaired mem-
ory retrieval and this effect was potentiated by co-mi-
croinjection of muscimol (a GABA, receptor agonist)
and prevented by prior intra-CeA administration of
a GABA, receptor antagonist, bicuculline (Hasanein &
Sharifi, 2015). It has been reported that 5-HT,, recep-
tor null mice exhibit anxiety-related behaviors, do not
respond to benzodiazepine (BZ), have reduced BZ bind-
ing, and have decreased expression of the major GABA,
receptor subunits alpha, and alpha, (Bailey & Toth,
2004). In addition, in the dorsal lateral geniculate nu-
cleus (dLGN), phasic inhibitory post-synaptic currents
induced by synaptic GABA, receptors were enhanced
by 5-HT-, and 8-OH-DPAT-activated 5-HT,, receptor
(Crunelli & Giovanni, 2015). Therefore, the antiepilep-
tic effects caused by the activation of CB, and 5-HT,, re-
ceptors observed in the present study can be explained
by the interaction among the cannabinoid, serotonin
and GABA systems.

CONCLUSION

The results presented here showed that intra-S1 mi-
croinjection of penicillin produced spike waves char-
acterized by approximately 30 spike per minute with
1.4 mV amplitude. Alone and co-microinjection of
ACEA and 8-OH-DPAT reduced penicillin-induced ep-
ileptiform activity indicating the involvement of CB,
and 5-HT,, receptors. Co-microinjection of AM-251 and
WAY-100365 with ACEA and 8-OH-DPAT prevented the
latter chemical compounds suppressing effects sug-
gesting CB, and 5-HT,, mediated mechanisms. Because
penicillin G, itself is an antagonist of GABA, receptor,
the produced antiepileptic effects might be extended
to contribution among the cannabinoid, serotonin and
GABA systems.
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