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INTRODUCTION

There are plenty of data suggesting that neuroin-
flammation is involved in the pathophysiology of 
epilepsy.1 It has been reported that neuroinflamma-
tion leads to excessive neuronal discharges in the 
seizure.2 Although neuroinflammation is considered 
to play a key role in the pathophysiology of epilepsy, 
neuroinflammatory processes underlying epilepto-
genesis are still unclear. An experimental study with 

transgenic mice overexpressing pro-inflammatory 
cytokines, such as TNF-α and IL-6, in astrocytes re-
ported that age-dependent reduced seizure threshold 
and spontaneous seizures developed in these mice.3 
In addition, it was reported that inhibition of IL-1β 
signaling resulted in the inhibition of seizure gener-
alization and increased the seizure threshold in the 
surrogate kindling model of epileptogenesis in rats.4 

SUMMARY

OBJECTIVE: We aimed to explore the effects of neuropeptides ghrelin, obestatin, and vasoactive intestinal peptide (VIP) on seizures and 
plasma concentrations of neuroinflammation biomarkers including calcitonin gene-related peptide (CGRP), substance-P (SP), and 
interleukin-1 beta (IL-1β) in pentylenetetrazol-induced seizures in rats.

METHODS: Ghrelin (80 µg/kg),  obestatin (1 µg/kg), VIP (25 ng/kg) or saline were administered to rats intraperitoneally 30 min before 
pentylenetetrazole (PTZ, 50 mg/kg) injections. Stages of epileptic seizures were evaluated by Racine’s scale, and plasma CGRP, SP, and 
IL-1β concentrations were measured using ELISA.  

RESULTS: Both obestatin and VIP shortened onset-time of generalized tonic-clonic seizure, respectively, moreover VIP also shortened the 
onset-time of first myoclonic-jerk induced by PTZ. While PTZ increased plasma CGRP, SP and IL-1β concentrations, ghrelin reduced the 
increases evoked by PTZ. While VIP further increased PTZ-evoked CGRP levels, it diminished IL-1β concentrations. However, obestatin 
did not change CGRP, SP, and IL-1β  concentrations. 

CONCLUSION: Our results suggest that ghrelin acts as an anticonvulsant, obestatin acts as a proconvulsant, and VIP has dual action on 
epilepsy. Receptors of those neuropeptides may be promising targets for epilepsy treatment.  
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control group were administered 0.2 ml normal sa-
line and received another 0.2 ml normal saline dose 
30 min after the first injection. Rats in the PTZ group 
were administered 0.2 ml normal saline and received 
50 mg/kg pentylenetetrazole 30 min after the nor-
mal saline injection. Rats in the Ghrelin+PTZ group 
were administered 80 µg/kg ghrelin6 and received 50 
mg/kg pentylenetetrazole 30 min after the ghrelin 
injection. Rats in the Obestatin+PTZ group were ad-
ministered 1 µg/kg obestatin7 and received 50 mg/kg 
pentylenetetrazole 30 min after the obestatin injec-
tion. Rats in the VIP+PTZ group were administered 
25 ng/kg vasoactive intestinal peptide8 and received 
50 mg/kg pentylenetetrazole 30 min after vasoactive 
intestinal peptide injection. 

Induction and scoring of epileptic seizures
In order to induce a seizure, rats were admin-

istered PTZ with a single dose of 50 mg/kg as stat-
ed previously.6 After PTZ injections, the rats were 
placed in plexiglass cages (40 cm X 40 cm X 30 cm) 
and their behavior was videotaped for 30 min. The 
intensity of seizures was assessed using Racine’s 
scoring (0-5) as follows9: stage 0, no response; stage 
1, facial movements with vellication of ears and 
whiskers; stage 2, myoclonic jerks without rear-
ing; stage 3, clonus of one forelimb; stage 4, rearing 
with bilateral forelimb clonus; stage 5, generalized 
tonic-clonic seizures. 

Blood sample collection from animals 
Blood samples were taken from the right ventri-

cle 24 h after the PTZ injections and coagulated at 
room temperature for 30 min. Then, blood samples 
were centrifuged at 3000 rpm for 15 min at 4 °C, and 
supernatants were kept at -80oC  until assayed for 
CGRP, SP, and IL-1β immunoreactivities. 

Determination of plasma CGRP, SP and IL-1 
beta concentrations 
CGRP, SP, and VIP contents in plasma samples 

were measured using the ELISA method with detec-
tion kits (ELABscience, Wuhan, P.R. China). The de-
tection limit for CGRP is ~ 9 pg/ml; for SP is ~ 47 pg/
ml; and for IL-1β is  ~ 19 pg/ml. The assay procedures 
were performed following the manufacturer’s in-
structions and in duplicates. After samples or CGRP, 
IL-1β, SP standards were added and the 96-well plates 
incubated according to the instructions, the optical 
densities for CGRP, SP, and IL-1β were measured at 

It is well established that the calcitonin gene-related 
peptide (CGRP) and substance P (SP) released from 
trigeminal sensory fibers lead to neurogenic inflam-
mation by inducing vasodilatation and plasma pro-
tein extravasation in the meninges.5 Therefore IL-1β, 
CGRP, and SP are biomarkers of neuroinflammation 
in the brain and meninges. 

Neuropeptides are regulators of a wide range of 
physiological processes in the nervous system.

Ghrelin, obestatin and vasoactive intestinal pep-
tide (VIP) are neuropeptides synthesized in both the 
gastrointestinal system and the central and periph-
eral nervous systems. These neuropeptides have key 
roles in a lot of physiological and pathophysiological 
events because their receptors are widely distributed 
through the nervous and gastrointestinal systems. 

Although there are some studies on the effects 
of ghrelin, obestatin, and VIP on epileptic seizures, 
their effects on the neuroinflammation underlying 
pathogenesis of epilepsy remain unclear. Therefore, 
in the present study, we investigated the effects of 
neuropeptides ghrelin, obestatin, and  VIP on sei-
zures and plasma concentrations of neuroinflamma-
tion biomarkers, including  CGRP, SP, and IL-1beta in 
pentylenetetrazol-induced seizures in rats. 

METHODS
Experimental Animals

Thirty-five Wistar male rats  (200-250 g) were 
used in the study. The animals were fed standard 
pellets ad libitum and tap water and were housed 
in cages under standard conditions, including a 12 
hour light/dark cycle at 22 ± 2 oC. The experimental 
processes were approved by the Animal Experiment 
Local Ethics Committee of the University (license 
number 2018/04).  

Materials
Pentylenetetrazole, ghrelin, obestatin, and vaso-

active intestinal peptide were purchased from Sig-
ma-Aldrich (Schnelldorf, Germany). CGRP, SP, and 
IL-1 beta ELISA kits were purchased from ELAB-
science (Wuhan, P.R. China ), ketasol (10 %) was pur-
chased from Richter Pharma (Wels, Austria). 

Experimental groups and procedures
Thirty-five rats were randomly divided into five 

groups, with seven rats in each group (n=7). All injec-
tions were carried out intraperitoneally. Rats in the 
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FIGURE 2. EFFECTS OF 
GHRELIN, OBESTATIN, AND 
VASOACTIVE INTESTINAL 
PEPTIDE ON THE PLASMA 
CGRP (A), SP (B) AND IL-1 
BETA (C) LEVELS IN PTZ-
INDUCED EPILEPTIC RATS. 
*P < 0.05, **P < 0.01,  
***P < 0.001.

FIGURE 1.  EFFECTS OF GHRELIN, 
OBESTATIN, AND VASOACTIVE INTESTINAL 
PEPTIDE ON THE ONSET TIME OF 
GENERALIZED TONIC-CLONIC SEIZURE (A) 
AND ONSET TIME OF FIRST MYOCLONIC 
JERK (B) IN PTZ-INDUCED EPILEPTIC RATS. 
*P < 0.05, **P < 0.01

450 nm using a microplate reader (Epoch BioTek In-
struments, Inc. Highland Park, Winooski, VT, USA). 

STATISTICAL ANALYSIS

The data were given as mean ± standard error of 
the mean. Statistical analysis was performed using 
SPSS for Windows (version 17.0, SPSS Inc., Chica-
go, IL, USA). Data obtained from the experimental 
groups were analyzed by one-way analysis of vari-
ance followed by Tukey’s multiple comparisons test. 
A value of p<0.05 was considered statistically signif-
icant.

RESULTS
The effects of ghrelin, obestatin, and VIP on 
the duration of the characteristic behavioral 
changes in PTZ-induced epileptic rats

The obestatin treatment shortened the onset-time 
of the generalized tonic-clonic seizure (P=0.037, Fig. 
1A) compared to the PTZ group. Moreover, VIP short-
ened the onset-time of the generalized tonic-clonic 
seizure (P=0.039, Fig. 1A) and first myoclonic-jerk 
(P= 0.009, Fig. 1B), respectively. On the other hand, 
ghrelin changed neither the generalized tonic-clonic 
seizure (P=0.075, Fig. 1A) nor the first myoclonic-jerk 
(P=0.791, Fig. 1B) compared to the PTZ group.

The effects of ghrelin, obestatin, and VIP on 
plasma CGRP, SP, and IL-1 beta concentra-
tions in PTZ induced-epileptic rats
The pentylenetetrazol treatment led to significant 

increases in the plasma CGRP (P=0.001, Fig. 2A), SP 
(P=0.003, Fig. 2B),  and IL-1 beta (P=0.001, Fig. 2C)  
concentrations compared to the normal saline-treat-
ed control group. On the other hand, ghrelin pre-
treatment decreased PTZ-induced plasma CGRP 
(P=0.013, Fig. 2A), SP (P=0.02, Fig. 2B), and IL-1 beta 
(P= 0.001, Fig. 2C) concentrations (PTZ group versus 
ghrelin+PTZ group).

Obestatin pretreatment did not show any effect 
on the PTZ-induced plasma CGRP, SP and IL-1 beta 
concentrations (P=0.98 for CGRP, Fig. 2A; P=0.09 for 
SP, Fig. 2B; and P=0.283 for IL-1 beta Fig. 2C). While 
VIP pretreatment further increased PTZ-induced 
plasma CGRP concentration (P=0.038, Fig. 2A),  it 
decreased  PTZ-induced plasma IL-1 beta concentra-
tion (P=0.011, Fig. 2C, PTZ group versus VIP+PTZ 
group). However, VIP pretreatment did not show any 
effect on the PTZ-induced plasma SP concentration 
(P=0.147, Fig. 2B).

DISCUSSION

Existing antiepileptic drugs (AEDs) target ion 
channels or ionotropic receptors of excitatory or in-
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hibitory neurotransmitters. Approximately one-third 
of patients with epilepsy do not correctly respond to 
any of these AEDs.10 Therefore, neuropeptide-medi-
ated modulation of synaptic transmission may repre-
sent a novel treatment approach for patients suffer-
ing from different types of epilepsy. Pursuant to this 
hypothesis, we explored the effects of neuropeptides 
ghrelin, obestatin, and VIP on PTZ-evoked epileptic 
seizures and neuroinflammation markers including 
IL-1β, CGRP, and SP. 

In the present study, ghrelin attenuated plasma 
CGRP, SP, and IL-1β concentrations induced by PTZ.  
This result is important because CGRP, SP, and IL-
1β are key biomarkers of neuroinflammation. More-
over, inflammatory processes in the brain have been 
implicated in the pathophysiology of seizures and 
epilepsy.11 An inflammation without infection in the 
central nervous system is called sterile inflamma-
tion characterized by the release of vasoactive neu-
ropeptides, including CGRP and SP, from sensory 
nerves.5 SP has a great role in inflammatory pro-
cesses. Moreover, cytokines such as IL-1β are also 
released by the glia and neurons in the CNS in ad-
dition to immune cells and endothelial cells during 
neuro-inflammation.12

Most clinical studies have reported that plasma 
IL-1β levels were higher in children with febrile sei-
zures than controls.13 Furthermore, it is well estab-
lished that IL-1β has a key role in exacerbating sei-
zures in animal models of epilepsy.14 On the other 
hand, in the present study, ghrelin did not show any 
significant effect on the PTZ-induced generalized ton-
ic-clonic seizure or first myoclonic-jerk. In a previous 
study, it was reported that ghrelin repressed the on-
set time of PTZ-induced seizures in rats.6 Although 
consensus claims that ghrelin has an anticonvulsant 
action, some studies report that ghrelin did not have 
any effect on the seizures. One of those studies re-
ported that ghrelin fails to inhibit seizures induced 
by kainic acid or pilocarpine.15  Like those studies, 
we also did not find any effect of ghrelin on the char-
acteristic behavioral changes of epilepsy. However, 
we first demonstrate the modulating effect of ghrelin 
on PTZ-induced plasma CGRP, SP, and IL-1β levels. 
These results suggest that ghrelin may alleviate sei-
zures by decreasing the the neuroinflammation un-
derlying pathophysiology of epilepsy.

Unlike ghrelin, there are some studies about the 
effects of obestatin on epilepsy. In a clinical study, 
it was found that plasma concentrations of obesta-

tin were higher in patients with primary generalized 
and partial epilepsy than in controls.16 In line with 
this study, we found that obestatin shortened the on-
set-time of generalized tonic-clonic seizure while it 
did not affect the onset-time of first myoclonic-jerk in 
PTZ-induced seizures in rats. Therefore, our results 
suggest that obestatin has a proconvulsant effect on 
the behavioral characteristics of PTZ-induced sei-
zure. Contrarily, a recent study reported that obes-
tatin alleviated the intensity of PTZ-induced seizures 
and decreased neuronal damage by delimitating ox-
idative damage in rats.7  This difference may be due 
to the measurement of different parameters, and, 
therefore, more clinical and experimental studies are 
needed to explain the possible mechanisms of these 
differences. Interestingly, in the present study, the 
obestatin pretreatment did not change plasma levels 
of biomarkers associated with  neuroinflammation 
including CGRP, SP and IL-1 beta. Based on these re-
sults, we can speculate that obestatin might not ex-
hibit its proconvulsant action through neuroinflam-
matory mechanisms. 

VIP is a neuropeptide that has anti-inflamma-
tory and neuroprotective effects. However, VIP 
can play a key role in seizure disorders because it 
demonstrates excitatory effects on synaptic trans-
mission in different brain regions, such as the hip-
pocampus. It has been demonstrated that there was 
a  short-term decrease in brain VIP concentrations 
after PTZ-induced seizures in rats.17 Conversely, 
a clinical study reported that  VIP concentrations 
were higher in the serum and cerebrospinal fluid of 
children with seizure disorders than in controls.18 
In the present study, we found that VIP shortened 
both onset-time of generalized tonic-clonic seizure 
and first myoclonic-jerk. Moreover, VIP pretreat-
ment further enhanced plasma CGRP levels induced 
by PTZ. These findings indicate that VIP exhibits a 
proconvulsant effect on the behavioral characteris-
tics of seizure and also exacerbates neuroinflamma-
tion induced by PTZ. However, in the current study, 
interestingly, VIP alleviated PTZ-induced plasma 
IL-1β levels. Therefore we can speculate that VIP 
exacerbates seizures by shortening the onset-time 
of generalized tonic-clonic seizure and first myoc-
lonic-jerk and also by increasing CGRP levels. VIP 
also endeavors to protect neuroinflammation by re-
ducing IL-1β levels. These results indicate that VIP 
may have a dual role in the generation of seizures.

As a whole, our results suggest that ghrelin has 
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an anticonvulsant action, obestatin has a procon-
vulsant action, and VIP has dual action on epilepsy. 
Receptors of neuropeptides ghrelin, obestatin, and 
VIP may be favorable targets for epilepsy treatment. 
However, studies with specific agonists and antago-
nists of these receptors are needed.
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RESUMO

OBJETIVO: Nosso objetivo foi explorar os efeitos dos neuropeptídeos grelina, obestatina e peptídeo intestinal vasoativo (VIP) nas con-
vulsões e concentrações plasmáticas de biomarcadores neuroinflamatórios, incluindo peptídeo relacionado ao gene da calcitonina 
(CGRP), substância-P (SP) e interleucina-1 beta (IL-1β) em convulsões induzidas por pentilenotetrazol em ratos.

MÉTODOS: Grelina (80 µg/kg), obestatina (1 µg/kg), VIP (25 ng/kg) ou solução salina foram administrados a ratos intraperitonealmente 
30 minutos antes de injeções de pentilenotetrazol (PTZ, 50 mg/kg). Os estágios das crises epilépticas foram avaliados pela escala de 
Racine e as concentrações plasmáticas de CGRP, SP e IL-1β foram medidas usando Elisa.

RESULTADOS: Tanto a obestatina quanto o VIP encurtaram o tempo de início da crise tônico-clônica generalizada, respectivamente. 
Além disso, o VIP também encurtou o tempo de início do primeiro impulso mioclônico induzido por PTZ. Enquanto o PTZ aumentou 
as concentrações plasmáticas de CGRP, SP e IL-1β, a grelina reduziu os aumentos evocados por PTZ. Enquanto o VIP aumenta ainda 
mais os níveis de CGRP evocados por PTZ, diminui as concentrações de IL-1β. No entanto, a obestatina não alterou as concentrações 
de CGRP, SP e IL-1β.

CONCLUSÃO: Nossos resultados sugerem que a grelina tem anticonvulsivante, a obestatina tem proconvulsivante e o VIP tem ação dupla 
na epilepsia. Receptores desses neuropeptídeos podem ser alvos promissores para o tratamento da epilepsia.
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