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The goal of this study is to clarified the effect of orexinergic system and interaction between orexinergic and cannabinoid
systems in WAG/RIj rats. WAG/RIj rats were used to electrocorticogram recordings. 0.6 pg hemopressin, 7.5 pg
arachidonyl-2"-chloroethylamide hydrate (ACEA), 0.50 pg AM-251 and also 4, 8, 16 pg doses of OX-A, 6 and 12 pg doses
of SB334867 applied and effective doses were determined. After three hours of baseline recording in rats, the effective
doses of the substance were applied by intracerebroventricularly, and recording continued for three more hours. Interaction
groups were also subjected to the same procedure. Records were analyzed in terms of seizure duration and number, spike
number and amplitude. 8 pg OX-A and 12 pg SB334867 significantly decreased the duration and number of seizures, spike
number, excluding amplitude (P<0.05). While hemopressin and ACEA decreased absence seizure activity, AM-251
increased it. When application of OX-A+hemopressin, spike wave discharges (SWDs) activity reduced and it was
determined that OX-A showed an activity similar to its own effect. Since the effect of the SB334867+hemopressin group
was similar to the effect of SB334867 alone, it is thought that the effect of orexins on the cannabinoid pathway may more
effective than the hemopressin. In SB334867+AM-251 groups, SWDs activity significantly reduced and the proconvulsant
effect of AM-251 was blocked by SB334867. In OX-A+AM-251 group, SWDs activity decreased. This results may show
that the orexinergic system is more effective than the cannabinoid system.
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Epilepsy is a common and serious neurological
disease that causes recurrent seizures®. Although the
mechanism of epilepsy is not fully known, factors
such as head trauma, bleeding in the brain, some
infections in the brain, stroke, tumors in the brain and
structural  vascular  disorders cause epilepsy’.
Idiopathic epilepsies are characterized by recurrent
local or generalized seizures without brain damage®.
Typical absence epilepsy, which is in the idiopathic
generalized epilepsy class, is seen in childhood and
constitutes 10% of all pediatric epilepsies®. It is
generalized form of epilepsy characterized by acute
and short-term loss of consciousness with bilateral
and symmetrical spike-wave discharges (SWDs) at a
frequency of 2-45 Hz on electroencephalogram
(EEG). Experimental models have been developed
to continue absence epilepsy studies in an
experimental environment. For this, GAERS and
WAG/RIj strains are used®. All rats of this strain have
spontaneous EEG and generalized spike wave
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discharges (SWDs), which are key features of absence
seizures in humans®.

Neuropeptides have an important role in
modulating seizures and epilepsy’. Orexin (OX), a
neuropeptide, is involved in various physiological
tasks such as energy homeostasis®, sleep-wake cycle®,
drinking  behavior'®,  analgesia,  attention®,
learning™, and memory™. The orexin/hypocretin
system was identified in 1998". Sakurai et al. named
the first isolated peptide from orexin-A (OX-A) and
stated that it was 33 amino acids long. Similarly, they
defined the second peptide, 28 amino acids long,
which causes an increase in intracellular calcium
concentration and shows 46% (13/28) homology to
the first, as orexin-B (OX-B)®. Orexins are released
from orexin-containing neurons in the lateral
hypothalamic area (LHA)”. OX-A and OX-B
produce their effects by binding to two types of
receptors (GPRCs), orexin receptor type 1 (OX1R)
and orexin receptor type 2 (OX2R)". OX1R has 100-
1000 times greater affinity for OX-A, while OX2R
has equal affinity for both orexin types'®*. Both
orexin receptors are probably capable of binding to
Gin, Gs and G, family G proteins; however, this may
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depend on the texture and specific modulation®.
Orexins play an important role in appetite, energy
homeostasis, feeding, arousal and sleep??*. Studies
investigating the orexin-epilepsy relationship have
conflicting results. Contrary to studies showing that
orexins have antiepileptic effects®®?*, it has also been
reported that orexins increase the pathogenesis of
epilepsy®?’. Kortunay et al.® showed that
intracortical application of orexin-A (100 pmol) and
orexin-B (100 pmol) increased epileptic activity in
cortical penicillin model epileptic adult rats. An
increase in EEG total spectrum and tonic-clonic
contractions was observed in the extremities of rats
treated with orexin-A and B %,

The cannabinoid system is important because of
its role in the central nervous system and
neurophysiological events®. Cannabinoids have two
types of receptors, cannabinoid receptor 1 (CB1) and
cannabinoid receptor 2 (CB2)*'. CB1 receptors
located at the presynaptic terminals of central nervous
system (CNS) neurons are highly expressed in
limbic structures (amygdala, hippocampus), cerebral
cortex, basal ganglia, and certain regions of the
midbrain and medulla® and are bound to a G protein.
The major expression of CB2 receptors is in
peripheral immune tissues such as the spleen, lymph
nodes, and bone marrow, as well as on B cells,
macrophages, and microglia, where activation can
induce  immunosuppressive  responses®.  The
cannabinoid system has an important role in the
regulation of seizure activities in the brain®**. The
selective CB1 receptor agonist ACEA has an
anticonvulsant effect against PTZ-induced seizures in
mice®. It is known that epileptiform activity is
suppressed by cannabinoids and its different
mechanism has been suggested. CB1 receptor
activation inhibits adenylate cyclase (AC) via Gy,
proteins, then production of cyclic adenosine
monophosphate (CAMP) is inhibited. When cAMP is
reduced, protein kinase (PKA) is inactivated and
thus the K'A channel is stimulated, resulting in
K* outflow from the cell to the extracellular fluid®.
In addition to this, it is thought that with CB1 receptor
activation, glutaminergic systems are suppressed in a
dose-dependent manner, while GABAergic systems
are activated®™. In the absence model, the CB1
receptor agonist R(+)WIN55,212 has been reported to
reduce the incidence of dose-dependent SWDs. In
addition, it is emphasized that CB1 receptors are
involved in synchronization mechanisms within the

thalamocortical network and this will increase the
possibility of targeting these receptors by new anti-
absence drugs®. It has been reported that high
GABAergic tone in the ventrobasal thalamic nucleus
(VBTN) facilitates the creation of SWDs*". Infusion
of the endogenous cannabinoid anandamide (AEA)
and the non-selective CB1 receptor agonist
WIN55,212 to the reticular thalamic nucleus (RTN)
and ventroposteromedial thalamic nucleus (VPM)
reduces the seizures regardless of the focal region,
while focal application of the selective CB1 receptor
antagonist rimonabant (SR141716A) increase absence
seizures*. Injection of WIN 55,212-2 to rats prior to
PTZ has been shown to reduce phase 4 contraction
times*. When the cannabinoid CB1 receptor is active,
it triggers some pathways; suppression of the L-type
Ca®* channel, activation of inward-rectifying K*
currents*, reduction of the frequency of excitatory
postsynaptic currents (EPSCs)*, and suppression of
neuronal excitotoxicity™.

Hemopressin  (PVNFKFLSH) is a nanopeptide
derived from the a chain of hemoglobin®’.
Hemopressin selectively binds to CB1 cannabinoid
receptors, but it is unclear whether it is a CB1
receptor agonist or antagonist**°. An in vitro study
revealed that hemopressin is a selective inverse
agonist of the CB1 receptor®. This peptide has been
shown to signal in a similar effect to rimonabant,
the CB1 receptor agonist”®. Since anorexia, one of
the physiological effects of hemopressin was not
observed in mutant male mice without CB1R, this
effect was expressed to be mediated by CB1R™.
Hemopressin, acting as a modulator of CBIR
receptors, has been shown to enhance oligodendroglia
differentiation in neural cultures containing stem
cells derived from the subventricular region of
newborn mice. These results further suggested that
hemopressin, like  endocannabinoids, has a
physiological function and could be used
therapeutically to treat demyelinating diseases™.
Hemopressin fragment NFKF is shown to decrease
the symptoms of pilocarpine-induced epileptic
seizures®. It has been suggested that hemopressins
are present in the adrenal medulla as well as in the
catecholaminergic neurons of the central nervous
system of rodents and have biological and
physiological functions like endocannabinoids®. It
has been observed that 0.6 ug hemopressin increases
penicillin model epileptic activity>*. It has been
clearly stated that the cannabinoid CB1 receptor
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system plays a role in epilepsy, but studies
investigating the effect of hemopressin on epilepsy
are rare. In this respect, it is important to elucidate the
effect of hemopressin on epileptic activity.

The effects of orexins on the cannabinoid pathway
have been reported in studies. On the other hand, its
role in epilepsy is contradictory. Therefore, in this
study we hypothesized the role of orexins in epilepsy
and their interactions with cannabinoid receptor
agonists and antagonists in the absence epilepsy
model.

Materials and MethodsAnimals

A total of 105 male WAG/RIj (6-8 months) rats
were obtained from the Experimental Animal
Application and Research Center of the University of
Ondokuz Mayis, Samsun, Turkiye. WAG/RIj rats
weighing 230-270 g were housed in a temperature and
humidity controlled conditions on a 12 h dark/light
cycle with free access to standard lab food and
water. Local Ethics Committee for Animals
Experiments of Ondokuz Mayis University confirmed
all experimental procedures (2018/44). Animals were
divided into groups by random distribution method.
Blind system analysis was used during the analysis.
Effective doses of 0.50 pg AM251, 7.5 pg
ACEA®and 0.6 pg Hemopressin® obtained from
previous studies in our laboratory were taken as
reference. Effective doses of orexin-A and SB-334867
were determined based on the literature®.
Experimental groups were randomly divided into
15 groups as follows; DMSO group (control group);
OX-A (4 ug, i.c.v.) group; OX-A (8 ug, i.c.v.) group;
OX-A (16 pg, i.c.v.) group; SB-334867 (6 pg, i.c.v.)
group; SB-334867 (12 ug, i.c.v.) group; Hemopressin
(0.6 pg, i.c.v.) group; AM-251 (0.50 ug, i.c.v.) group;
ACEA (7.5 pg, i.c.v.) group; OX-A (8 pg, i.c.v.) +
Hemopressin (0.6 pg, i.c.v.); SB-334867 (12 ug,
i.c.v.) + Hemopressin (0.6 pg, i.c.v.) group; OX-A
(8 pg, i.cv) + AM-251 (0.50 pg, i.c.v.) group;
SB-334867 (12 ug, i.c.v.) + AM-251 (0.50 pg, i.c.v.)
group; OX-A (8 ug, i.c.v.) + ACEA (7.5 pg, i.c.v.)
group; SB-334867 (12 pg, i.c.v.) + ACEA (7.5 pg,
i.C.v.) group; each group consists of 7 rats.

Substance administration

Cannabinoid CB1 receptor agonist ACEA,
cannabinoid CB1 receptor antagonist AM-251,
orexin-1 receptor agonist orexin-A, orexin-1 receptor
antagonist ~ SB334867  were  dissolved in
dimethylsulfoxide (DMSO) with saline (DMSO/saline

3:7 vlv), hemopressin was dissolved in serum
physiologic (SF) and the doses were administered
intracerebroventricularly (i.c.v.). AM-251 and ACEA
doses were decided according to Kozan et al.>®. On
the other hand, hemopressin dose was determined
according to Al-Kaleel et al.”’. While 4, 8 and 16 pg
doses of OX-A were used to determine the effective
dose, 6 and 12 pg doses of SB334867 were used. The
doses of OX-A and SB334867 were chosen from
unpublished data in our laboratory.

For surgery, WAG/RIj rats used in the absence
model of epilepsy were anesthetized with
ketamine/xylazine (90/10 mg/kg, i.p.). Animals were
placed in the stereotaxic device. Four holes were
drilled with manual drills, three for electrode
placement and one for i.c.v. injection (The electrode
coordinates for WAG/Rij rats are as follows; frontal
region coordinates; 3 mm anterior and 4 mm lateral,
parietal region coordinates; 6 mm posterior and
4 mm lateral, intracerebroventricular (i.c.v.) coordinates;
1.5 mm lateral and 1.1 mm posterior to the bregma
and 4.2 mm ventral to the surface of the skull®®). After
inserting the external cannula into the hole drilled for
i.c.v. injections, both screws and the i.c.v. cannula
was fixed to the skull with the help of dental acrylic
and waited for drying. After the surgical procedure,
the animals were kept for 1 week for recovery period.

Electrocorticography (ECoG) recordings

Animals were connected to the ECoG recording
system (PowerLab, 4/SP, AD Instruments, Castle
Hill, Australia) on the experiment day via cable.
For the absence model, ECoG recordings were started
at the same time of the day (09.00 AM.) and injection
was performed after 180 min of basal recording. The
recording was taken for another 180 min after the
injection. After the experiments were finished, the
seizure clusters in epileptiform activity were
manually selected, and the ECoG recordings were
analyzed in 20 min portions by calculating the
duration of SWDs, the number of SWDs, the number
of spikes and their amplitude using Chart v7.0.3
(ADInstruments, Australia) software. The data
obtained in the first 180 min were divided into 20 min
intervals and the average of this section was
calculated. Each 20 min interval obtained after the
injection was compared with this average in
percentage terms.

Statistical analysis
Recorded  electrophysiological  data  were
statistically compared with SPSS (Statistical Package


https://deham.omu.edu.tr/en
https://deham.omu.edu.tr/en

28 INDIAN J EXP BIOL, JANUARY 2025

for Social Sciences) 17.0. The normality of the data
was evaluated with the Shapiro-Wilk test. To compare
multiple groups with normal distribution One-way
analysis of variance (ANOVA) was used, and
Bonferroni post-hoc test was used to determine the
differences between these groups. Kruskal Wallis test
and then post-hoc Dunn test were performed in
multiple groups that did not comply with the normal
distribution. Values of experimental groups in graphics
and texts were shown as meanzstandard error (SEM),
P<0.05 value was considered statistically significant.

Results

Effect of DMSO on absence epilepsy model in WAG/RIj rats
For the control group, DMSO used as a solvent in
WAG/RIijs was administered as i.c.v. 3 h after the
start of ECoG recording. Total numbers, mean
durations, spike numbers and mean amplitudes of
SWDs were 6.0+0.3, 38.3+3.7 sec, 212.6+7.0,
0.8367+0.0311 mV in the 100" min after
administration of DMSO, respectively. (Fig. 1)

Effect of orexin-A on absence epilepsy model

In order to determine the effective dose of OX-A in
WAG/RIj rats, doses of 4, 8 and 16 g were applied.
Total numbers, mean durations, spike numbers and
mean amplitudes of SWDs were 3.5+0.2, 15.5+0.6 sec,
73.5+1.1, 0.7312+0.0142 mV in the 100™ min after
administration of OX-A (4 ug), respectively. Total
numbers, mean durations, spike numbers and mean
amplitudes of SWDs were 1.240.2, 4.4+1.0 sec,
6.8+2.0, 0.7507+0.0389 mV in the 100" min after
administration of OX-A (8 ug), respectively. Total
numbers, mean durations, spike numbers and mean
amplitudes of SWDs were 1,5+04, 2,3+1,2 sec,
11,1#6,7, 0,7817+0,0189 mV in the 100" min after
administration of OX-A (16 pg), in turn in order.
When all these doses of orexin-A were compared with
the control group, a statistically significant decrease
was observed in total numbers, mean durations, spike
numbers of SWDs (P<0.05) (Fig. 1) and amplitude of
SWDs did not change statistically (P>0.05). However,
the most statistically significant reduction was seen at
8 ug and 16 ug doses compared to the control group.
When we compared these two groups among
themselves, lower dose of orexin-A (8 pg) was
accepted as the effective dose since there was no
statistical difference (P=0.96).

Effect of SB334867 on absence epilepsy model
To determine the effective dose of SB-334867 in
WAG/Rij rats, doses of 6 and 12 pg were

administered (Fig. 2). Total numbers, mean durations,
spike numbers and mean amplitudes of SWDs were
4.0+0.1, 24.6%1.7 sec, 156.5+12.0, 0.9381+0.0171
mV in the 100™ min after administration of SB334867
(6 pg), respectively. When this group was compared
to the control group, there was no statistically
significant difference in any of the parameters
(P=2.68). Total numbers, mean durations, spike
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Fig. 1 — Comparison of the % control of (A) SWDs numbers
(number of SWDs % control+SEM), (B) SWDs duration
(duration of SWDs % controltSEM), (C) spike numbers
(duration of SWDs % control£SEM) of the 4 ug, 8 pg, and 16 pg
groups of Orexin-A with the control group. When these doses of
Orexin-A were compared with the control group, a statistically
significant decrease was observed in all three parameters.
(*: comparison of 4 pg OX-A to control group, +: comparison
of 8 pg OX-A to control group, A: comparison of 16 ng OX-A to
control group)[*=P<0.05, »x= P<0.01, ***= P<0.001]
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Fig. 2 — Comparison of the % control of A. SWDs numbers
(number of SWDs % control+SEM), B. SWDs duration (duration
of SWDs % control+SEM), C. spike numbers (duration of SWDs
% control=SEM) of the 6 pg and 12 pg SB-334867 according to
control group. A statistically significant decrease was observed
when 12 pug SB-334867 was compared with the control group )
[*¥=P<0.05, »x= P<0.01, x*x= P<0.001]

numbers and mean amplitudes of SWDs were
1.6£0.6, 7.4+2.7 sec, 47.24+6.4, 0.6832+0.0162 mV in
the 100" min after administration of SB334867
(12 pg), respectively. 12 pg of SB334867 was
accepted as the effective dose as it statistically
significantly reduced total numbers, mean durations,
spike numbers of SWDs (P>0.05).

Effect of 0.6 pg hemopressin on absence epilepsy model
The administration of 0.6 pug hemopressin (i.c.v.)
causes a decrease in PTZ-induced epileptic activity
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Fig. 3 — Comparison of the % control of A. SWDs numbers
(number of SWDs % control£SEM), B. SWDs duration (duration of
SWDs % controltSEM), C. spike numbers (duration of
SWDs % control+SEM) of the Hemopressin, OX-A, SB334867,
SB334867+Hemopressin and OX-A+Hemopressin group according
to the control group. Compared with the control group, a statistically
significant decrease was observed in all groups (x: comparison of
0.6 pg hemopressin to control group, e: comparison of 12 pg
SB334867 to control group, m: comparison of 8 pg OX-A to control
group, A: comparison of SB34867+Hemopressin group to control
group, x: comparison of OX-A+ Hemopressin group to control
group) )[*=P<0.05, »x= P<0.01, »*xx= P<0.001]

(Al-Kaleel et al., 2023). Total numbers, mean durations,
spike numbers and mean amplitudes of SWDs were
1.840.2, 10.6+3.5 sec, 69.3+9.6, 0.830+0.0247 mV in
the 100" min after administration of hemopressin
(0.6 pg), respectively. 0.6 ng hemopressin reduced total
numbers, mean durations, spike numbers of SWDs
40 min after injection, significantly (Fig. 3) (P>0.05).
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Fig. 4 — Comparison of the % control of A. SWDs numbers
(number of SWDs % control+SEM), B. SWDs duration (duration
of SWDs % control+SEM), C. spike numbers (duration of SWDs
% control+SEM) of the AM-251, OX-A, SB334867, SB-334867
+ AM-251 and OX-A+AM-251 group according to the control
group. Compared with the control group, a statistically significant
decrease was observed in all groups except the AM251 group (¢:
comparison of 0.50 pg AM251 to control group, m: comparison of
8 pg OX-A to control group, e: comparison of 12 ng SB334867
to control group, A: comparison of SB34867+AM251 group to
control group, x: comparison of OX-A+ AM251 group to control
group)[#=P<0.05, ¢¢=P<0.01, +¢4=P<0.001]

Role of cannabinoid receptor CB1 on absence epilepsy model
CB1 receptor antagonist AM-251 increased the total
number, mean duration and spike number of SWDs
after injection. The total numbers, mean durations,
spike numbers and mean amplitudes of SWDs were
1340.3, 67.3+4.2 sec, 498.6+2.2, 0.9189+0.0556 mV
in the 100" min after administration of AM-251
(0.50 pg), respectively (Fig. 4). CB1 receptor agonist
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Fig. 5 — Comparison of the % control of A. SWDs numbers
(number of SWDs % control+SEM), B. SWDs duration (duration
of SWDs % control+SEM), C. spike numbers (duration of SWDs
% control=SEM) of the ACEA, OX-A, SB334867, SB-334867 +
ACEA and OX-A+ACEA group according to the control group.
Compared with the control group, a statistically significant
decrease was observed in all groups (x: comparison of 7.5 ug
ACEA to control group, m: comparison of 8 ug OX-A to control
group, e®: comparison of 12 pg SB334867 to control group,
A: comparison of SB34867+ACEA group to control group,
e comparison of OX-A+ACEA group to control group [x =
P<0.05, x x =P<0.01, x x x = P<0.001]

ACEA significantly decreased the total number,
mean duration and spike number of SWDs
20 min after injection compared to control group.
The total numbers, mean durations, spike numbers
and mean amplitudes of SWDs were 2.1+0.4,
6.8+2.2 sec, 13.4+4.5, 0.9258+0.0319 mV in the
100" min after administration of ACEA (7.5 ng),
respectively (Fig. 5).
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Interaction between orexinergic system and hemopressin

Hemopressin was injected 10 min after OX-A. The
total number, mean duration and spike number of
SWDs are reduced after 20 min injection of
hemopressin according to control group. The total
numbers, mean durations, spike numbers and mean
amplitudes of SWDs were 0.3+0.2, 2+1.2 sec,
10.66.7, 0.8226+0.0478 mV in the 100" min after
co-administration of hemopressin  with OX-A,
respectively (Fig. 3). Hemopressin was injected
10 min after SB334867. The total number, mean
duration and spike number of SWDs are declined
after 20 min injection of hemopressin compared to
control group. The total numbers, mean durations,
spike numbers and mean amplitudes of SWDs were
0.7+0.4, 5.0+£3.2 sec, 22.248.5, 0.862+0.0306 mV in
the 100™ min after co-administration of hemopressin
with SB334867, respectively (Fig. 3).

Interaction between orexinergic system and cannabinoid CB1
receptor

AM-251 was injected 10 min after OX-A. The total
number, mean duration and spike number of SWDs
are reduced after 20 min injection of AM-251
according to control group. The total numbers,
mean durations, spike numbers and mean amplitudes

of SWDs were 0.3+0.2, 2+1.2 sec, 17.3+5.6,
0.8912+0.0249 mV in the 100" min after
co-administration of AM-251 with OX-A,

respectively (Fig. 4). AM-251 was injected 10 min
after SB334867. The total number, mean duration and
spike number of SWDs are declined after 20 min
injection of AM-251 compared to control group. The
total numbers, mean durations, spike numbers and
mean amplitudes of SWDs were 2.2+0.8, 10.2+4.3 sec,
69.6+9.7, 0.7907+0.0459 mV in the 100" min after
co-application of AM-251 with SB334867,
respectively (Fig. 4). ACEA was injected 10 min after
OX-A. The total number, mean duration and spike
number of SWDs are reduced after 20 min injection
of ACEA according to control group. The total
numbers, mean durations, spike numbers and mean
amplitudes of SWDs were 0.4+0.2, 2+1.3 sec,
16.2+8.7, 0,845620,0371 mV in the 100" min after
co-administration of ACEA with OX-A, respectively
(Fig. 5). ACEA was injected 10 min after SB334867.
The total number, mean duration and spike number
of SWDs are reduced after 20 min injection of
ACEA compared to control group. The total numbers,
mean durations, spike numbers and mean amplitudes
of SWDs were 1.2+0.5, 6.4+2.7 sec, 44.8+10.7,

0.8266+0.0383 mV in the 100" min after co-
application of ACEA with SB334867, respectively

(Fig. 5).

Discussion

This study aimed to show the relationship between
the orexinergic system and the cannabinoid CB1
receptor on absence epilepsy in WAG/RIj rats.
Firstly we determined the effective dose of OX-A, an
orexin-1 receptor agonist, and SB334867, an orexin-1
receptor antagonist. The electrophysiological results
showed that the application of 8 pg OX-A and 12 pg
SB334867 displayed an anticonvulsant effect without
changing the mean amplitude of SWDs. SWDs
activity was decreased in the presence of CB1l
receptor agonist 7.5 pg ACEA and 0.6 g
hemopressin while CB1 receptor antagonist 0.50 g
AM251 increased it. Studies are showing that orexins
are associated with neurodegenerative processes. A
study reported that OX-A (i.c.v.) administration had
neuroprotective effects in the MPTP-induced
C57BL/6 mouse model of Parkinson's disease™.
Microinjection of OX-A in the hippocampus of A53T
mice ameliorated performance in these hippocampus-
dependent memory tasks®. It is said that orexins may
be useful for slowing the development of multiple
sclerosis (MS) by inhibiting neuroinflammation
and subsequent neurodegeneration®. A9-THC, a
cannabinoid, displayed important therapeutic potential
for the treatment of neurodegenerative diseases, like
Alzheimer's disease (AD). Some studies reported that
its ability to interfere with AP aggregation in vitro,
influence AP fibrils formation and aggregation,
induce the removal of intracellular A, and block the
inflammatory response®.

Studies have shown conflicting results about the
effect of orexins on the pathogenesis of epilepsy ®.
Orexins have antiepileptic activity in some
studies®*** while in others they exacerbate the
pathogenesis of epilepsy®?"®. Intracortical (i.c.)
injection of 100 pmol OX-A and 100 pmol OX-B in
rats increased epileptic activity in the penicillin model
epilepsy®®. In another study, an increase in EEG total
spectrum and tonic-clonic contractions was observed
in the extremities of rats treated with OX-A and
OX-B®. Contrary to this study, 100 nM OX-A
suppresses epileptic activity in a bicululine-induced
epilepsy model®®. Considering the results of the
presented study, it was seen that OX-A reduced
SWDs activity in genetic absence epilepsy. Orexin-1
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system deficiency may contribute to the complex
pathophysiology of recurrent generalized tonic-clonic
(GTC) seizures and status epilepticus (SE)?.
However, its mechanism has not been fully
elucidated. OX-A inhibited epileptiform activity in
the bicululine model epilepsy, and the existence of
conflicting results about orexin may be due to
different experimental epilepsy models®. These
findings support the view that the orexinergic system
may exert different effects in response to different
pathophysiological conditions such as epilepsy and
that its antiepileptic activity may result from the
difference in the experimental model used. The
balance between the glutamatergic and GABAergic
systems is disrupted during epileptic activity. Some
studies reported that orexin increases the release of
glutamate®®® and GABA®, in contrast others
decreases the release of glutamate™ and GABA"™. In
the presented study, OX-A may have an
anticonvulsant effect by directly acting on neuron
depolarization by decreasing the levels of glutamate,
an excitatory neurotransmitter. Orexin receptor
antagonist, SB334867, reduces seizure intensity and
convulsive stage, while orexin receptor stimulation
does not improve seizure intensity compared to the
PTZ group’. Akbari’® explained this controversy, it
was stated that orexin activates the histamine and
histamine-secreting tuberomamillary nucleus
(TMN)™ in the posterior hypothalamus and it exerts
an antiepileptic effect in the PTZ model following
deep brain  stimulation in  the  posterior
hypothalamus™. Since OX2R is the main orexinergic
receptor in TMN and its activation leads to histamine
release, investigation of the involvement of OX2R
may eliminate this discrepancy’”. OX1R protein
levels were lower in the thalamus of 6-7 month old
WAG/RIij compared to 25 day old WAG/RIj and 6-7
month old non-epileptic wistar rats”. OX1R levels
decrease with increasing age, and the formation of
SWDs is characterized by a decrease in OX1R protein
levels™. Orexin-induced depolarization may facilitate
T-type Ca®* channel inactivation in the ventrobasal
nucleus or reticular thalamic nuclei, thereby
restricting the development of SWDs™. According to
some in vitro experimental studies, orexins have been
reported to cause depolarization of neurons™ and
increase in discharge frequency of neurons’".
Orexins can exert these effects by increasing the flow
of sodium and creating direct stimulating effects on
neurons’, activating the sodium-calcium exchanger

pump’®, increasing the flow of calcium®, or reducing
the flow of potassium®. SB-334867 (10 pg/rat, i.c.v.)
reduced behavior-related seizures in the PTZ model in
rats®’. SB334867 reduce the intensity of PTZ-induced
convulsions’. Our results are compatible with these
studies and may show that SB334867, an orexin
receptor antagonist, reduces epileptic activity by
increasing extracellular calcium influx or decreasing
potassium flux, activating the sodium-calcium
exchange pump.

Cannabinoid system has an important role in
regulation of seizure activity in brain®*®. 0.25 pug
AM-251 (i.s.v.) increased the frequency of
epileptiform activity and showed status epilepticus-
like activities characterized by burst spikes®. The
CB1 receptor agonist R(+)WINb55,212 dose-
dependently decreased the incidence of SWDs in
WAG/RIj rats with absence epilepsy, and decreased
CB1 receptor expression in the reticular thalamic
nucleus may be associated with the development of
SWDs®. Infusion of the endogenous cannabinoid
anandamide (AEA) and the non-selective CB1
receptor agonist WIN55,212 to the reticular thalamic
nucleus (NRT) and ventroposteromedial thalamic
nucleus (VPM) reduces absence seizures regardless of
the focal region, while the selective CB1 receptor
antagonist, rimonabant (SR141716A), has been
shown to increase absence seizures when applied
focally*”. Application of low doses of AM-251
(0.125 pg and 0.25 pg) in WAG/RIj rats decreased the
number and duration of SWDs and the number of
spikes in each SWDs, while 0.50 pg AM-251 (i.c.v.)
increased all three parameters and 7.5 pg ACEA
(i.c.v.) reduced absence seizures™. In the present
study, in parallel with the study of Aygun et al.”, it
was observed that 7.5 pg ACEA decreased SWDs
activity in WAG/RIj rats, while 0.50 pug AM-251
increased SWDs activity. Cannabinoids are known to
suppress epileptiform activity through different
pathways. As a result of CB1 receptor activation,
adenylate cyclase (AC) is inhibited and cAMP
production is prevented. Protein kinase A (PKA) is
also inactivated when cAMP is reduced. Thus, the
K*A channel is stimulated, and K* comes out of the
cell into the extracellular fluid®®. These channels are
particularly important in the homeostatic regulation of
membrane excitability. Potassium channels are
involved in the treatment of diseases such as epilepsy
and brain ischemia®. Stimulation of Gy, proteins by
the CBL1 receptor causes direct inhibition of N-type or
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P/Q-type Ca** channels and directly inward rectifying
K" activation®. The entry of Ca® into the cell is
important in the occurrence of epileptic activity®.
This causes the secretion of excitatory amino acids,
especially glutamate.

Hemopressin is the first peptide ligand specifically
classified for the CB1 cannabinoid receptor®.
Hemopressins are predominantly found in both the
adrenal medulla and the catecholaminergic neurons of
the rodents' central nervous system and have the same
biological and physiological importance as
endocannabinoids®. Although hemopressin has an
inverse agonist/antagonistic activity, hemopressin
forms (i.e. RVD-hemopressin, also called pepcan-12)
display type 1 and type 2 cannabinoid receptor
agonistic/allosteric activity®™. The effects of synthetic
CB1R and CB2R agonists occur through the
activation of receptor-associated Gy, proteins. While
adenylate cyclase activity and cAMP production are
inhibited, a decrease in Ca** and an increase in K
conductance are observed®”. Hemopressin acted as a
CB1R inverse agonist. Hemopressin has an
antagonist effect on the high CB1R activity, like
cannabinoid inverse agonist SR141716%. The
pharmacological binding properties of hemopressin
peptides contribute to their physiological effects that
occur in different pathological conditions®. When
hemopressin administered centrally or systemically,
hemopressin reduced night-time food intake dose-
dependently, and this effect is regulated through
CB1R™®. 50 pg/kg (i.p.) and 500 pg/kg (i.p.) doses of
hemopressin  has an antinociceptive effect®.
Hemopressin (i.c.v.) application extend memory
retention and improves memory formation in mice®.
Transient receptor potential channels (TRP channels)
have a role in chemical transduction aimed by
endocannabinoids®. Hemopressin  (i.c.v.) causes
anxiogenic-like effects by activating TRPV1
receptors®. Hemopressin raised Na+/K + -ATPase
activity after 1 min of application, whereas inhibiting
it after 15 min of treatment™. Capsazepine, a TRPV1
antagonist, inhibited the fast raised of Na+/K +
-ATPase activity induced by hemopressin. The late
inhibitory effect of hemopressin on Na+/K + -ATPase
activity was prevented by the CBI1R antagonist
AM251%". There are few studies investigating the
effect of hemopressin on epileptiform activity. 0.6 ug
hemopressin (i.c.v.) was accepted as the effective
dose because it increased epileptic activity in
penicillin model epilepsy®. In a study conducted

with a cerebral ischemia/reperfusion mouse model
and investigating the neuroprotective effect of
cannabinoid agonists and antagonists, 1 mg/kg
hemopressin (i.p.) suppressed the neuroprotective
effect of the cannabinoid receptor agonist ACEA*. In
the PTZ kindling model, 0.030 pg and 0.6 ng
hemopressin reduced the total duration, total number,
and number of spikes of spike-wave discharges®’. In
this study, 0.6 pg of hemopressin appeared to act as a
CB1 receptor agonist, reducing the activity of SWDs
recorded from animals with absence epilepsy.

The OX-1 receptor and CB1 receptors both belong
to the GPRC superfamily and their distribution in the
brain, particularly in the hippocampus, may overlap®.
In experiments using electron microscopy, it has been
determined that CB1 and OX-1 receptors are close to
each other because they are located near the plasma
membrane and form a heterodimer®. There is a
relationship between OX-1 receptors and cannabinoid
receptors®™®. Orexin receptor signaling can trigger
the production of 2-arachidonyl glycerol (2-AG),
which activates CB1 receptors®®. In the present
study, interaction groups were created to reveal the
relationship between both systems. The central
administration of RDV-hemopressin (o) (a N-
terminally extended form of hemopressin) has
investigated on anxiety like behavior and food intake,
and they have shown that RVD-hp(a) stimulated
anxiolytic and orexinergic effects possibly related to
reduced norepinephrine and orexin-A and POMC
signaling, in the hypothalamus®. 20.1 nmol mouse
VD-hemopressin a (i.c.v.) increased both non-rapid
eye movement (NREM) sleep in the first 2 h section
and EEG delta (0.54 Hz) activity. (m)VD-HPa
promotes NREM sleep via the CB1 cannabinoid
receptor to probably activate VLPO GABAergic
neurons, but inactivates the LH orexinergic, LC
noradrenergic, and TMN histaminergic neurons®.
In  OX-A+hemopressin group, OX-A showed an
activity similar to its own effect. Although the
anticonvulsant effect of the interaction group was
high, statistical significance was not observed.
Hemopressin and orexin effect cannabinoid CB1
receptors®®®’. The effect observed in the interaction
group is similar as that of OX-A's effect. The effect of
OX-A on cannabinoid pathways may be more than
hemopressin. When effective doses of OX-A and
AM-251 were applied together, the activity of SWDs
decreased. In addition to this group, when AM-251
was given before OX-A, AM-251 did not show its
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own proconvulsant effect until the 80" min, but it also
abolished the anticonvulsant effect of OX-A. After 80
min, OX-A continued its anticonvulsant activity by
showing its own effect. From this point of view, OX-
A might be showing its effect through another
mechanism besides its effect on cannabinoidergic
pathways. OX receptor signaling in the dorsal raphe
nucleus has been reported to inhibit glutamate release
to serotonergic neurons.  Orexins regulate
phospholipases, ion channels and protein kinases and
trigger activation of various signaling pathways'®.
The ameliorative effects of OX-A on the spatial
learning and memory deficits of PTZ-induced
epileptic rats are facilitated through OX-1R-mediated
ERK1/2-mediated neurogenesis in the dentate gyrus®.
Antinociceptive effect of OX-A is markedly reduced
when co-administered with AM-251%. In OX-
A+ACEA group, the anticonvulsant activities of both
substances did not combine to cause a synergistic
effect. OX1 receptor signaling generates diacyl
glyceol (DAG) via the phospholipase C (PLC)
pathway, DAG is hydrolyzed to 2-arachidonyl
glycerol (2-AG) by the diacyl glycerol lipase enzyme
(DGL) and 2-AG stimulates CB1 receptors. 2-AG
stimulates ERK activation'®*. Endocannabinoids (EC)
are produced postsynaptically and mediate retrograde
inhibitory effects on presynaptic terminals via the
CB1 receptor®. The analgesic effects of orexin on the
ventrolateral periaqueductal gray matter are also
mediated by endocannabinoid production and
release”. OX1R-mediated 2-AG biosynthesis and
activation of CB1 receptors, which are targets of
endocannabinoids in the brain, underlie the diverse
effects of OX-A in the brain'®'® OX-A may
also act on the cannabinoid system and create an
antiepileptic response. Since the effect of the
SB334867+hemopressin group was similar to that of
SB334867 alone, it confirmed that the effect of
orexins on the cannabinoid system may be greater
than the hemopressin. In the SB334867 and AM-251
groups, SWDs activity was significantly reduced and
the proconvulsant effect of AM-251 was blocked by
SB334867. The orexinergic system dominates the
cannabinoidergic system. SB334867 not only blocks
orexin-A-induced action, but also potentiates
cannabinoid CB2R function in cAMP and MAPK
signaling pathways'. In a study of antinociception
induced by chemical stimulation of the lateral
hypothalamus in rats, SB334867 and AM-251
administered into the ventrolateral periaqueductal

gray matter dose-dependently blocked carbochol-
induced antinociception, the pain-modulatory role of
the lateral hypothalamus was mediated by the
interaction between orexinergic systems in the
periaqueductal gray matter'®.

In the present study were examined the effects of OX
receptor agonist orexin-A and orexin receptor antagonist
SB334867 on absence epilepsy, these substances
reduced seizures. The cannabinoid CB1 receptor
antagonist AM-251 (at very low dose, 100 pg/kg) has an
anticonvulsant effect when administered with the CB1
receptor agonist ACEA®, while at higher doses it has
a proconvulsant effect®. At the same time, low dose
(0.25 and 0.125 pg) AM-251 (i.c.v) reduces spike
number and SWDs activity in PTZ model epilepsy®’.
Previous studies have suggested that cannabinoid
compounds may have opposite effects at low and high
doses®’. For example, tetrahydrocannabinol (THC),
which acts as a CB1 receptor agonist, exerts an
anticonvulsant effect at low doses by reducing
glutamate release from presynaptic excitatory axon
terminals'®’. However, high doses of THC may have a
pro-convulsant effect by lowering the seizure
threshold by stimulating CB1 receptors on
GABAergic axon terminals’®, A study suggested that
when a CB1 antagonist was administered for a
certain period of time, it could prevent the
development of seizures'® , and it was emphasized
that the short-term plasticity mechanism was mediated
by endocannabinoids, such as depolarization-induced
suppression of inhibition (DSI). When CB1 antagonist
blocks these receptors, it prevents DSI and reduces
seizure susceptibility*®. The possible mechanism of
the anticonvulsant effect of low dose AM-252 is that
it can block the CB1 receptor in inhibitory
interneurons, prevent interneuron inhibition, and
increase the inhibition/excitation ratio®’. Cannabinoids
act through multiple pathways such as ion channel
and protein kinase in the cell. Therefore, the existence
of different effects of orexins may be due to the use of
different intracellular pathways depending on dose,
just like the CB1 receptor antagonist AM-251. In this
study, the role and relationship of orexinergic and
cannabinoid systems in absence epilepsy were
investigated by electrophysiological method.

Conclusion

The role of orexin in absence epilepsy is that it
reduces SWDs activity. While hemopressin and ACEA
decreased absence seizure activity, AM-251 increased
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it. When the interaction group data are examined, it can
be said that there is a relationship between the
cannabinoid system and the orexinergic system. This
interaction may possibly lead to changes in the level of
receptor gene expression. However, molecular, gene
expression studies and protein levels studies are needed
to elucidate the underlying mechanisms. Results
obtained from different experimental animals may lead
to new clinical phase studies.
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