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Epilepsy is a widespread neurological disorder. Many neurotransmitters, neuropeptides and neuromodulators have a 
significant role in the epileptic activity. Apelin-13 and cannabinoid CB1 receptor agonist and antagonist have an effect in 
the penicillin model of epilepsy. The relationship between apelin and epilepsy, and the apelin-cannabinoid relationship in 
epilepsy is still not well understood. Thus, this study focuses on the relationship between apelin-13 and CB1 receptor in 
experimental model of epilepsy. Penicillin injection was given intracortically (i.c.) for the development of epileptic seizures. 
Ninety-one male Wistar rats were divided into 13 groups. CB1 receptor agonist ACEA (7.5 µg, intracerebroventricularly, 
icv) and antagonist AM-251 (0.25 µg and 0.125 µg, icv) were administered to three different groups, two different doses of 
apelin-13 (5 µg and 15 µg, icv) were applied and the interactions between these five groups of substances were evaluated. 
Both apelin-13 (15 µg) and AM-251 (0.25 µg) raised the spike frequency of epileptiform activity separately. Application of 
apelin-13 + AM-251 also increased the spike frequency of epileptiform activity beginning in the 30 min after apelin-13 
application. When the non-effective dose of AM-251 and the effective dose of apelin-13 were administered together, 
epileptic activity increased in the 20 min. ACEA reduced the epileptiform activity starting in the 50th min. apelin-13 and 
ACEA administration in effective doses decreased epileptiform activity. The non-effective doses of AM-251, apelin-13 and 
effective dose of ACEA decreased the epileptiform activity in the 50 min. Application of non-effective doses of apelin and 
AM-251 together does not induce any additional proconvulsant activity, and CB1 receptor agonist, ACEA reversed the 
proconvulsant activity of apelin-13. These results suggest that they utilize different receptors to begin their own effects by 
increasing intracellular Ca2+ in epilepsy. Considering that apelin-13 is an endogenous substance known for its 
neuroprotective properties, the proconvulsant effect of apelin-13 in the presented study is remarkable.  
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Epilepsy is one of the most common neurological 
disorders characterized by recurrent seizures in the 
brain1. Epilepsy is a chronic noncommunicable disease 
of the brain that affects around 50 million people 
worldwide according to World Healt Organization 
(WHO)2. Apelin, a neuropeptide, firstly was isolated 
from a bovine stomach by Tatemoto et al.3 after apelin 
receptor was found in 19934. It is a typical endogenous 
ligand for G protein-coupled apelin receptor (APJ)5. 
Apelin gene that is produced as 77 amino acid 
preproapelin has subtypes of apelin-13, -16, -17, -19 
and -366. Apelin-13 has the most powerful bioactivity 
and receptor binding capacity, also has a lot of 
biological functions7. Apelin mRNAs, proteins and 
APJ are commonly found in peripheral tissues and the 
central nervous system (CNS) and especially in the 
cerebellum, hypothalamus, lung, heart, kidney and 

endothelium8. Hence, apelin-APJ system may be 
related to many physiological and pathological 
processes such as neuroprotection9. However, there are 
few studies showing apelin and epilepsy interactions. 
In literature, apelin-13 decreased the incidence of PTZ-
induced seizure in rats and appeared preservative 
effects and decreased markers of cell injury and death 
in primary cortical glia-neuron co-culture of rat against 
PTZ-induced toxicity through its calcium blocking, 
antioxidant, anti-apoptotic and anti-inflammatory 
properties10,11. Other study demonstrated protective 
effects of apelin against neuronal death in epilepsy both 
in vitro and in vivo12. Conversely, apelin-13 increased 
the spike frequency of penicillin-induced epileptiform 
activity in rat13. 

The cannabinoid system has also a notable role in 
neurophysiological and pathological processes 
including epilepsy. The CB1 receptor mediates many 
of the anticonvulsant effects of cannabinoids14 and 
has a significant function in regulating synaptic 
transmission15. WIN 55,212-2, CB1 receptor agonist, 
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completely suppressed status epilepticus (SE) activity 
in the pilocarpine model, the neuronal culture-induced 
epilepsy model and spontaneous recurrent 
epileptiform discharges with CB1 receptor activity 
and increased penicillin-induced epileptiform activity 
in rat16. Application of AM-251 (CB1 receptor 
antagonist) inhibited the anticonvulsant effect of 
WIN55,212-217. On the other hand, high activation of 
N-methyl-D-aspartate (NMDA) receptor is related 
with a variable number of neurological disorders 
including epilepsy18.Interestingly, apelin-13 and CB1 
receptors have relationship with NMDA receptor 
activity10,19,20. The apelin-APJ organization has been 
showed as a neuroprotective modulator for cortical 
and hippocampal neurons against NMDA receptor 
mediated neuronal injury4. Apelin showed neuro-
protective effect by induction of Ca2+ transient with 
attenuation of NMDA receptor-mediated Ca2+ 
accumulation21. WIN55,212-2 dose-dependently 
diminished both cell death and Ca2+ flux induced by 
NMDA receptors in both cultured neuronal cell 
border and primed dorsal root ganglion neurons22. A 
relationship between memantine (NMDA receptor 
antagonist) and AM-251 in penicillin-induced 
epileptiform activity in rats has been reported23.  
 

Since there are a few controversial reports about 
the effect of apelin-13  on epileptic activity and also 
there is no investigation to evaluate the interaction 
between apelin-13  and cannabinoid CB1 receptor in 
epilepsy, in the present study, we explored the role of 
CB1 receptor antagonist and agonist in the 
proconvulsant effect of apelin-13  on the penicillin-
induced epileptiform activity in rat. 
 
Materials and Methods 
 

Animals 
Ninety-one male Wistar rats (4 months) were 

obtained from the Experimental Animal Application 
and Research Center of the University of Ondokuz 
Mayis, Samsun, Turkey. Animals weighing 180-270 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 (2014/46). Experimental groups were 
randomly divided into 13 groups as follows: Gr. I: No 
treatment (control); Gr. II: experimental control with 
2.5 μL saline (ic); Gr. III: Penicillin-G (PEN) (2.5 μL, 
ic); Gr. IV: PEN (2.5 μL, ic) + 15 μg of Apelin-13 

(icv); Gr. V.:PEN (2.5 μL, ic) + 5 μg of Apelin-13 
(icv); Gr. VI: PEN (2.5 μL, ic) +7.5 μg ACEA (icv); 
Gr. VII-VIII: PEN (2.5 μL, i.c.) +0.25 and 0.125 μg 
AM-251 (icv), respectively; Gr. IX: PEN (2.5 μL, ic) 
+0.25 μg AM-251 (icv) + 15 μg Apelin-13 (icv); Gr. 
X: PEN (2.5 μL, ic) + 7.5 μg ACEA (icv) + 15 μg 
Apelin-13 (icv); Gr. XI: PEN (2.5 μL, ic) + 0.125 μg 
AM-251 (icv) + 15 μg Apelin-13 (icv); Gr. XII: PEN 
(2.5 μL, ic) + 0.125 μg AM-251 (icv) + 5 μg Apelin-
13 (icv); and Gr. XIII: PEN (2.5 μL, ic) + 0.125 μg 
AM-251 (icv) + 5 μg Apelin-13 (icv) + 7.5 μg ACEA 
(icv).  Each group had 7 rats. 
 

Electrodes placement for electrocorticography (ECoG) recordings 
Before placed in a rat stereotaxic device, the 

animals were anesthetized with urethane (1.25 g/kg, 
i.p.). Two screw electrodes were located over the left 
somatomotor cortex stereotaxically. Bipolar two Ag–
AgCl ball electrodes were located over the left 
somatomotor cortex. For intracortical injections for 
the left somatomotor cortex, urethane anesthetized 
(intraperitoneal injection, i.p.) rat skull was opened 
holes with a hand drill in the bone with the 
coordinates of 2 mm lateral to the midline, 2 mm 
posterior to the bregma and 3.5 mm ventral to the 
surface of the skull24. Icv injections were applied into 
the rats left lateral ventricle, with the coordinates of 
1.1 mm lateral to the midline, 1.5 mm posterior to the 
bregma and 4.2 mm ventral to the surface of the skull. 
First drug administrated 30 min after penicillin 
injection. After this other drugs administrated to 
through 10 min interval. The electrocorticographic 
(ECoG) activity was continously monitored 
(PowerLab, 4/SP, AD Instruments, Castle Hill, NSW, 
Australia). Eventually, the amplitude and spike 
frequency of the epileptiform ECoG activity were 
examined off-line. 
 

Substance administration 
AM-251 (N-(piperidine-1-yl)-5-(4-iodophenyl)-1-

(2,4-dichlorophenyl)-4-methyl-1Hpyrazole-3-carbo-
xamide) and ACEA (arachidonyl-2-chloroethylamide) 
(Sigma Chemical Co.) were purchased for 
experiments. ACEA and AM-251 were dissolved in 
dimethylsulfoxide (DMSO) with saline (DMSO/saline 
3:7 volume/volume), and the necessary doses were 
administered icv in 2 μL. AM-251 and ACEA 
dosages were decided as per Kozan et al.25. Apelin-13 
(C69H111N23O16S ꞏ C2F3O2) purchased Sigma. Apelin-
13 was dissolved in distilled water and its doses were 
injected icv in a volume of 2 μL. Apelin-13 doses 
determined according to a previous study conducted 
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in our laboratory26. About 500 IU penicillin-G was 
dissolved in distilled water and injected i.c. in a 
volume of 2.5 μL. 
 

Statistical analysis  
After all recorded electrophysiological data 

converted to numeric values utilizing SPSS 
(Statistical Package for the Social Sciences) software 
through 17.0. Data were eveluated in 10 min periods 
for three hours after the drugs injections. All values 
are shown as means i.e., standard error of the mean 
(SEM). The distribution of the data of was  
determined using the Shapiro-Wilk test. For  
multiple comparisons, one-way analysis of variance 
(ANOVA) and Tukey-Kramer post-hoc test were 
performed to determine differences between the 
groups. In all experimental groups P <0.05 were 
statistically significant. The percent frequency of 
epileptiform ECoG activity value is defined as: the 
mean of spike frequency after substance administered 
/ the mean of spike frequency before substance 
administered × 100. 
 
Results 

To induce epileptiform activity, after penicillin-G 
application, spike wave complexes were observed in 
the 2-5 min. Epileptic activity stabilized 30 min after 
penicillin administration and continued for 3 h. The 
means of spike frequency and amplitude of 
epileptiform activity were 41.4±2.2 spike/min and 
1000±82 µV in the 90 min after the penicillin-G 
administration, respectively (Suppl. Fig. S1A). [All 
supplementary data are available only online along 
with the respective paper at the journal website 
(http://ijeb.res.in) as well as NOPR repository at 
http://nopr.res.in]. 
 

Effect of apelin on penicillin-induced epileptiform activity 
The non-effective and effective doses of apelin-13 

(5 and 15 µg) were taken as reference in this study7. 
Apelin-13 @5 µg did not change epileptiform activity 
(Fig. 1) (Gr. V). The means of spike frequency and 
amplitude of epileptiform activity were 47.2±5.2 
spike/min and 907±83 µV in the 90 min after 5 µg 
apelin-13, respectively (Suppl. Fig. S1B). Apelin-13 
(15 μg) significantly increased spike frequency of 
epileptiform activity compared to the penicillin group 
without altering amplitude (Fig. 1) (Gr. IV). The 
means of spike frequency and amplitude of 
epileptiform activity were 61.9±5.6 spike/min and 
1044±121 µV in the 90 min after 15 µg apelin-13 
administration, respectively (Suppl. Fig. S1C).  

ACEA and AM-251’s effect on penicillin-induced epileptiform 
activity 

The non-effective dose of AM-251 (0.125 µg) 
didn’t change either spike frequency or amplitude of 
epileptiform activity (Gr. VIII), while the effective 
dose AM-251 (0.25 µg) caused proconvulsant activity 
in the 20 min after AM-251 injection by increasing 
the spike frequency of epileptiform activity (Fig. 2) 

 
 

Fig. 1 — Effect of icv application of the effective and non-
effective doses of apelin-13 on the mean spike frequency of
penicillin-induced epileptiform activity. Apelin-13 5 µg did not
alter epileptiform activity, whereas 15 μg it significantly raised
the mean spike frequency of the epileptiform activity in the 20th

min without altering the amplitude. [Two groups were compared
by Independent-Samples t-test. P <0.05; **P <0.01; ***P <0.001
show significant differences compared to penicillin group] 
Frequency value % =  

     

     
 100  

 

 
 

Fig. 2 — Effect of icv application of ACEA and AM-251 on the
mean spike frequency of penicillin-induced epileptiform activity.
ACEA 7.5 µg decreased the spike frequency of epileptiform
activity in the 50th min without altering the amplitude, and
0.25 µg AM-251 caused proconvulsant activity in the 20th min.
[Two groups were compared by Independent-Samples t-test.
*P <0.05; **P <0.01; ***P <0.001 show significant differences
compared to penicillin group] 
Frequency value % =  

     

     
 100  
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(Gr. VII). The means of spike frequency and amplitude 
of epileptiform activity were 47.4±3.5, 82.3±8.4 
spike/min and 930±72, 1067±104 µV in non-effective 
(0.125 µg) and effective (0.25 µg) doses of AM-251, 
respectively (Suppl. Fig. S1 D-E). AM-251 (0.25 µg) 
also induced SE-like activity.  
 

ACEA (7.5 µg, effective dose,) reduced the spike 
frequency of epileptiform activity in the 50 min after 
ACEA administration without changing the amplitude 
(Fig. 2) (Gr. VI). The means of spike frequency and 
amplitude of epileptiform activity were 21.0±2.2 
spike/min and 839±106 µV in the 90 min after the 
ACEA administration, respectively Suppl. Fig. S1F).  
 

Interaction between apelin and CB1 receptor  
Apelin-13 (15 µg) was administered 10 min after 

0.25 µg AM-251 injection. Application of 0.25 µg 
AM-251 + 15 µg apelin-13 induced epileptic activity 
starting in the 30 min after apelin-13 administration 
(Fig. 3) (Gr. IX). The means of spike frequency and 
amplitude of epileptiform activity were 86.1±8.0 
spike/min and 1069±56 µV in the 90 min after the 
AM-251 administration in this group, respectively 
(Suppl. Fig. S2A).  
 

Application of 7.5 µg ACEA 10 min before 15 µg 
apelin-13 injection reduced the spike frequency of 
epileptiform activity in the 40 min, without altering 
the amplitude (Fig. 3) (Gr. X). The means of spike 
frequency and amplitude of epileptiform activity were 
30.0±8.4 spike/min and 700±82 µV in the 90 min 
after the ACEA administration, respectively (Suppl. 
Fig. S2B). 
 

Administration of AM-251 (0.125 µg) did not 
effect proconvulsant activity of apelin-13 (15 µg)  
(Gr. XI). The proconvulsant activity was observed in 
the 30 min after AM-251 application (Fig. 2). The 
means of spike frequency and amplitude of 
epileptiform activity were 61.3±3.6 spike/min and 
849±50 µV in the 90 min after the AM-251 
administration, respectively (Suppl. Fig. S2C). 
 

The application of non-effective doses of AM-251 
(0.125 µg) + Apelin-13 (5 µg) did not change 
epileptiform activity (Fig. 3) (Gr. XII). The means of 
spike frequency and amplitude of epileptiform 
activity were 53.2±8.1 spike/min and 1018±102 µV in 
the 90 min after the AM-251 administration, 
respectively (Suppl. Fig. S2D). No synergistic effect 
was observed between AM-251 and apelin-13. 
 

In this study, the relationship between AM-251 and 
ACEA with the proconvulsant effect of apelin-13 was 

investigated. AM-251 (0.125 µg), apelin-13 (5 µg) 
and ACEA (7.5 µg) (Gr. XIII) diminished the 
epileptiform activity in the 50 min after apelin-13 
administration (Fig. 3). The means of spike frequency 
and amplitude of epileptiform activity were 31.5±7.0 
spike/min and 987±89 µV in the 90 min after the AM-
251 administration, respectively (Suppl Fig. S2E). We 
showed that apelin-13 and CB1 receptor antagonist 
AM-251 have proconvulsant activity, while CB1 
receptor agonist ACEA has anticonvulsant activity in 
penicillin-induced epilepsy. Since synergistic effect 
did not occur we assume that there is no relationship 
between apelinergic and cannabinoidergic systems. 
 

Discussion 
In this study, we investigated the role of cannabinoid 

CB1 receptor in the proconvulsant effect of apelin-13 

 
 

Fig. 3 — Effect of icv administration of AM-251 (0.25 & 0.125 µg),
ACEA (7.5 µg) and apelin-13 (5 & 15 µg), on the mean spike
frequency of penicillin-induced epileptiform activity.
Administration of apelin-13 (15 μg) 10 min after AM-251 (0.25 μg)
caused an anticonvulsant effect on the mean spike frequency of
epileptiform activity within 30 min of the apelin-13 administration.
However, administration of apelin-13 (15 µg) 10 min after 0.125 μg
AM-251 did not change proconvulsant effect of apelin-13. The
proconvulsant activity emerged in the 30 min after AM-251
administration. AM-251 @0.125 μg and 5 μg apelin-13 did not
affect the mean spike frequency of epileptiform activity.
Application of an effective dose of ACEA (7.5 µg) 10 min before
apelin-13 (15 µg) injection declined the spike frequency of
epileptiform activity in 40th min, but did not change the amplitude.
AM-251 @0.125 µg, 5 µg apelin-13 and 7.5 µg ACEA decreased
the epileptiform activity in the 50 min after apelin-13
administration. [More than two groups were compared by one-way
ANOVA followed by Tukey post hoc test. *P <0.05; **P <0.01;
***P <0.001 show significant differences compared to the
penicillin group] 
Frequency value % =  

     

     
 100  
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on the penicillin-induced epileptiform activity. The 
doses of CB1 receptor agonist ACEA and CB1 
receptor antagonist AM-25125 and apelin-1326 were 
based on previous work done in our laboratory. 
Apelin increased the spike frequency of seizures, and 
AM-251 caused status epilepticus-like activity 
whereas ACEA showed protective effect against 
epileptic activity.  
 

The apelin/APJ system has neuroprotective 
effect9,27, including anti-inflammatory, anti-oxidative 
stress, anti- apoptosis, and regulating autophagy, 
blocking excitatory toxicity28. Apelin inhibited 
NMDA receptor-mediated excitotoxic signal 
cascades, as well as enhances neuronal survival22. For 
this reason, the endogenous expression of apelin in 
neurons and the apelin-APJ interaction are thought to 
be a neuroprotective signal transduction in the CNS. 
In kainic acide-induced status epilepticus (SE), APJ 
activation reduced epileptic activity, the apelin-APJ 
system modulated postsynaptic currents mediated by 
NMDA receptor compare to patch-clamp recordings7. 
In addition to reports demonstrating apelin’s 
neuroprotective properties, there are few studies in the 
literature showing apelin and epilepsy associations. 
Two of these studies examined apelin expression and 
apelin level in the plasma. Apelin expression was 
studied in the temporal cortex of temporal lobe 
epilepsy patients and hippocampus and cortex 
structures in the experimental pilocarpin-induced 
experimental epilepsy model29. Plasma apelin levels 
in children with idiopathic generalized epilepsy 
treated with valproate were higher than control 
group30. However, the cause of the increase in both 
expression and plasma levels of apelin is unknown. 
Apelin-13 had proconvulsant effect in the model of 
penicillin-induced epileptiform activity according to 
the study carried out in our laboratory26. In 
hippocampal neurons, apelin-APJ signaling represents 
a significant endogenous pro-survival pathway9. 
Apelin-13 decreased the incidence of seizure in the 
PTZ-induced seizure model in rats10. In contrast, 
apelin-13 shows proconvulsant effect in the 
penicillin-induced epileptic activity in the present 
study. The endogenous apelin is up-regulated in the 
epileptic human and rat brain29. There has been no 
assessment until now to clarify whether this increment 
is a harmful mechanism following seizure or a 
protective way to declining post-seizure injury10. The 
reason for this discrepancy may be due to the different 
epilepsy model used. However, the roles of 

endogenous apelin in the CNS are still unclear31. In 
cerebrocortical neurons, apelin-36 inhibits NMDA-
mediated Ca2+ accumulation, while it does not affect 
Ca2+ accumulation induced by K+ depolarization21.  
G protein-coupled receptor ligands can trigger neuronal 
Ca2+ transmission32. Likewise, in cerebrocortical 
neurons apelin also induces Ca2+ transition in a dose-
dependent manner21. Apelin isoforms (13, 17 and 36) 
have been shown to increase intracellular Ca2+ levels 
in human NT2.N neurons33. Based on this, apelin may 
have a proconvulsant effect on epilepsy by increasing 
intracellular calcium. 
 

Cannabinoids are known to suppress seizures. 
Cannabinoids show an anticonvulsant effect by 
different pathways. In anticonvulsant and neuro-
protective effects of cannabidiol, the modulation of 
PI3K/mTOR signaling pathway is involved34. 
Although CB1 receptors are located largely on a type 
of GABAergic interneuron nerve terminal in 
neocortex, amygdala, and hippocampus, in another 
area of brain, they are mostly found on the excitatory 
terminals of glutamatergic system35. The cannabinoid 
system is involved in the regulation of GABA and 
glutamate release depending on the brain region 
involved36. In addition to this cannabinoids also block 
GABA reuptake in the globus pallidus37. Cannabinoid 
receptors inhibit adenylyl cyclase (AC) and protein 
kinase A (PKA), regulate the activation of mitogen-
activated protein kinases (MAPKs) which includes 
extracellular signal-regulated kinases (ERKs), c-Jun 
N-terminal kinases (JNKs), and p38 kinases, by Gi/o 
signaling38. Intracerebroventricular application of 
AM-251 raised the spike frequency of penicillin-
induced epileptiform activity in rat, whereas ACEA 
suppressed the spike frequency of epileptiform 
activity25. While the CB1 receptor agonist ACEA  
(7.5 μg, icv) displayed an anticonvulsant effect, the 
CB1 receptor antagonist AM-251 (0.5 μg, icv) 
exhibited a proconvulsant effect in pentylenetetrazol 
model of epilepsy in rats36. AM-251 administration 
resulted in the development of SE-like activity 
characterized by bursting and spiking activity16. 
While AM-251 intensified proconvulsant effect of 
Toxoplasmosis, ACEA inhibited proconvulsant effect 
of Toxoplasmosis in mice39. Doses of 2 and 8 mg/kg 
specific cannabinoid CB1 agonist ACEA had shown 
anticonvulsant effect against PTZ-induced myoclonic 
seizures14. The results of present study confirm 
previous studies considering the effects of ACEA and 
AM-251. Moreover, the relationship between apelin-
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13 and cannabinoid CB1 receptor was investigated in 
the penicillin-induced epilepsy model. Administration 
of AM-251 and apelin-13  together caused a 
statistically significant raise in the spike frequency 
compare to the penicillin group but additional 
increment was not seen in the spike frequency of 
epileptic activity compared to AM-251 and apelin 
group alone. However, CB1 receptor agonist ACEA 
reversed proconvulsant activity of apelin. While 
apelin-13 increases intracellular calcium via the APJ 
receptor, ACEA reduces both intracellular calcium via 
CB1 receptors and provides gene expression by 
MAPK activation21,40. It is reasonable to assume an 
inhibiton of apelin’s proconvulsant activity in the 
presence of ACEA.  

Non-effective doses of AM-251 + Apelin-13 did 
not show any effect on epileptiform activity when 
they were administered together. The Ca2+ input 
caused by both pathways is not enough to cause raise 
in the spike frequency of epileptic activity. Since non-
effective doses of apelin-13 and AM-251 were 
administered together which did not have a 
synergistic effect, suggesting substances use their own 
pathways separately. 

A statistically significant decrease in the spike 
frequency was observed after the administration of 
AM-251+Apelin-13+ACEA. This reduction is 
equivalent to the anticonvulsant effect of ACEA. At that 
case, it might be assumed that CB1 receptor agonists, 
ACEA, inhibit protein kinase A by decreasing cAMP 
production through activation of inhibitor G 
proteins41, which reduces the amount of intracellular 
Ca+2 through voltage-gated Ca2+ channels, resulting in 
a reduction in the presynaptic transmitter release13. 
 

Conclusion 
The above results demonstrated that the 

neuropeptide apelin-13 enhances the spike frequency 
of penicillin-induced epileptiform activity, which 
suggests a proconvulsant action in the experimental 
epilepsy model. Further, Cannabinoid CB1 receptor 
agonist ACEA reduced the spike frequency of 
penicillin-induced epileptiform activity without 
changing amplitude, whereas AM-251 enhanced the 
same. Apelin and AM-251 in a combination with non-
effective doses did not lead to the proconvulsant 
activity. Overall, the electrophysiological data of the 
present study reveal that apelin-13 has proconvulsant 
effect on penicillin-induced epileptiform activity and 
there is no direct interaction between cannabinoid 
CB1 receptor and apelin-13. Both systems (CB1 

receptor and APJ) use intracellular Ca2+. However 
intracellular pathways of both systems need to be 
explored in epilepsy. 
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