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Introduction 

Ghrelin is a brain-gut peptide, which is mainly 

produced by stomach.
1,2

 However, expression of the 

peptide has also been demonstrated in peripheral 

organs such as testis, ovary, placenta, kidney, pituitary, 

small intestine, pancreas, lymphocytes and brain.
3
 

Central tissues that express ghrelin include 

hippocampus, ependymal layer of third ventricle, 

pituitary and different hypothalamic nuclei such as 

arcuate, ventromedial, dorsomedial and paraventricular 

nuclei.
4
 Two major forms of ghrelin are found in 

tissues and plasma: n-octanoyl-modified and des-acyl 

ghrelin and both cross the blood-brain barrier.
5,6

 

Ghrelin receptor, growth hormone secretagogue 

receptor (GHSR), has been detected in many brain 

regions such as hypothalamus-pituitary unit, CA1, 

CA2, CA3 and dentate gyrus of hippocampal 

formation.
7-9

  

Ghrelin has many physiological functions but growth 

hormone release and stimulation of feeding are the 

most known functions for ghrelin.
4,10,11

 Recently, it has 

been shown that there is a relationship between seizure 

and ghrelin. On the one hand, PTZ-induced seizure 

decreased acylated ghrelin of plasma.
12

 On the other 

hand, intraperitoneal and intrahippocampal 

administration of ghrelin attenuated the intensity of 

PTZ-induced seizures in rats.
13,14

 Electrophysiological 

evidence also showed that the intracerebroventricular 

injection of ghrelin has an inhibitory effect against 

epileptiform activity in the penicillin model of 

epilepsy.
15

 Therefore, previous studies show that 

ghrelin has an attenuating effect on the severity of 

seizures, but the mechanism by which ghrelin shows its 

effect is unclear. 

Neuropeptide Y, a potent inhibitory neurotransmitter 

expressed in the central neurons, is capable of 

inhibiting epileptiform discharge and its expression, 

and release is significantly upregulated in hippocampal 

neurons following an epileptic seizure.
16-18

 Six NPY 

receptor subtypes have been reported (Y1–Y6) all of 

which belong to the G-protein coupled receptor 

superfamily. In the central nervous system, and 

specifically in hippocampus (an epileptogenic brain 

region), expression of Y1, Y2 and Y5 are most 

prominent.
18

 

The possible involvement of NPY in the several 

ghrelin-mediated effects has been shown in different 

functions. Ghrelin affects feeding behavior), energy 
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Purpose: Ghrelin has been shown to have antiepileptic function. However, the 

underlying mechanisms by which, ghrelin exerts its antiepileptic effects are still 

unclear. In the present study, we investigated whether neuropeptide Y (NPY) mediates 

ghrelin anticonvulsant effect in the brain through its Y1, Y2 or Y5 receptors. Methods: 

Male Wistar rats were bilaterally microinjected with ghrelin 0.3 nmol/µl/side and NPY 

antagonists; GR231118 (Y1 receptor antagonist), BIIE0246 (Y2 receptor antagonist), 

CGP71683 (Y5 receptor antagonist) or solvents (Saline, DMSO) into the dorsal 

hippocampus 20 minutes before ghrelin administration. Thirty minutes after ghrelin 

microinjection, a single convulsive dose of pentylenetetrazole (PTZ) (50 mg/kg) was 

injected intraperitoneally (ip). Afterwards, duration of seizure and total seizure score 

(TSS) were assessed for 30 minutes in all animals. Results: Intrahippocampal injection 

of 0.3 nmol/µl/side ghrelin decreased duration of seizure and TSS induced by PTZ. 

The suppression of both duration (p< 0.001) and TSS (p< 0.001) induced by ghrelin in 

hippocampus were significantly blocked by GR231118 (10 µg/µl/side), BIIE0246 (400 

pmol/µl/side) and CGP 71683A (5 nmol/µl/side). Conclusion: Our findings suggest 

that NPY Y1, Y2 and Y5 receptors in the hippocampus may somehow mediate the 

anticonvulsive action of ghrelin. Therefore, it is possible to speculate that ghrelin acts 

in the hippocampus to modulate seizures via NPY. 
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balance, growth hormone secretion and gastrointestinal 

motility through regulating NPY system.
19-24

 

To further substantiate the role of NPY as mediator of 

ghrelin’s antiepileptic actions, intrahippocampal 

administration of ghrelin was done and the role of Y1, 

Y2 and Y5 receptors investigated in PTZ-induced 

seizures in rats. 

 

Materials and Methods 

Chemicals and Drugs 

Rat ghrelin, GR231118 (Y1 receptor antagonist), 

BIIE0246 (Y2 receptor antagonist), CGP71683 (Y5 

receptor antagonist), and PTZ were purchased from 

Tocris Bioscience, (Bristol, UK) and DMSO Sigma, 

(Germany). Ghrelin was dissolved in saline 

(1mg/100µl), and stocked at -20 °C. Immediately 

before intrahippocampal microinjection, ghrelin was 

diluted with 0.9% saline to give a final concentration of 

0.3 nmol/ µl. The control group received equal amounts 

of saline (1µl). Both GR231118 and BIIE0246 were 

dissolved in saline and CGP71683 was dissolved in 

DMSO. 

 

Animals and Treatments 

The Regional Ethics Committee of Tabriz University of 

Medical Sciences approved all experimental 

procedures. Every effort was made to minimize the 

number of used animals and their suffering. Animals 

were obtained from the colony of Tabriz university of 

Medical Sciences. The experiments were performed in 

adult male Wistar rats weighting 220-250 g at the 

beginning of experiments. They were housed in a 

temperature (22±2 °C) and humidity-controlled room. 

The animals were maintained under a 12:12 h light/ 

dark cycle, with lights off at 8:00 p.m. Food and water 

provided ad libitum except for the periods of behavioral 

testing. The behavioral testing was done during the 

light phase.  

 

Surgery 
For surgical procedures, rats were anesthetized with i.p. 

injection of ketamine (60 mg/kg) and xylazine (12 

mg/kg).
25

 Animals were positioned in a stereotaxic 

apparatus. Then trepanation of the skull cap was 

performed according to coordinates obtained from 

Paxinos and Watson brain atlas (mm from bregma: 

AP= -3.8; ML= ± 2.2; DV= -2.7).
26

 According to these 

coordinates, two 22-gauge guide cannulae were 

implanted bilaterally into the dorsal hippocampus. The 

guide cannulae were anchored to the skull using 

stainless steel screws and acrylic cement. After 

cannulae implantation, animals were individually 

housed and allowed 7 days recovery before the 

behavioral test. 

 

Intrahippocampal Microinjection Procedure 

All microinjections were done slowly (1µl/2 min) using 

a 5µl Hamilton syringe connected by Pe-20 

polyethylene tube. The stainless steel injection needle 

(30 G) were cut to protrude 0.5 mm beyond the tips of 

the guide cannulae. The conscious animals were gently 

restrained by hand, the injection needle was inserted 

through the guide cannulae, and vehicles (1 μl saline or 

DMSO) or NPY receptor antagonists (GR231118 10 

µg/µl; BIIE0246 400 pmol/µl; CGP71683 5 nmol/µl) 

and ghrelin (0.3 nmol/μl), were sequentially injected. A 

twenty min interval between i.h. injection of receptor 

antagonist or vehicles and ghrelin was considered. The 

injection needle was left in place for 1 min after 

injection to allow diffusion of the solution and to 

prevent back flow. Thirty minutes after the last 

microinjection, a single convulsive dose of PTZ (50 

mg/kg) was administered intraperitoneally. The doses 

of antagonists and administration schedule were chosen 

based on previous studies demonstrating block of the 

relevant receptor subtype at the selected dose.
27-29

 

Effective dose of ghrelin to attenuate seizure intensity 

obtained from our previous study.
14

 Microinjections 

were done between 9:00 and 12:00 a.m. to prevent 

variations determined by circadian rhythms. 

 

Seizure Assessment  

The rats were housed in Plexiglas cages (50 cm × 50 

cm × 40 cm) after PTZ injection and their behavior was 

observed and videotaped for 30 min. The duration and 

severity of seizures were monitored in all animals. 

Then videotapes were reviewed, and detected seizures 

were scored based on Racine’s scale as following: (0) 

normal, non epileptic activity; (1) mouth and facial 

movements, hyperactivity, grooming, sniffing, 

scratching, wet dog shakes; (2) head nodding, staring, 

tremor; (3) forelimb clonus, forelimb extension; (4) 

rearing, salivating, tonic clonic activity; (5) falling, 

status epilepticus.
30 

Rats were assigned the score of the 

most severe seizure observed as seizure score (SS) for 

each 5 min interval over the course of the 30 min 

session.
31

 Then a mean SS was calculated for the entire 

30 min session for each rat and referred as total seizure 

score (TSS).
32

 

 

Experimental Design  
After 7 days of recovery seventy rats were randomly 

divided into six groups (n=10) as follows: 

Group (saline): 1µl/side saline i.h.  

Group (ghrelin): 0.3 nmol/µl/side ghrelin i.h.  

Group (Saline + ghrelin): 1µl/side saline, 20 min before 

0.3 nmol/µl/side ghrelin i.h. 

Group (DMSO + ghrelin): 1µl/side DMSO, 20 min 

before 0.3 nmol/µl/side ghrelin i.h. 

Group (GR231118+ ghrelin): 10 µg/µl/side GR231118, 

20 min before 0.3 nmol/µl/side ghrelin i.h. 

Group (BIIE0246 + ghrelin): 400 pmol/µl/side BIIE 

0246, 20 min before 0.3 nmol/µl/side ghrelin i.h. 

Group (CGP71683 + ghrelin): 5nmol/µl/side 

CGP71683, 20 min before 0.3 nmol/µl/side ghrelin i.h. 

In all experimental groups, PTZ (50 mg/kg) was 

injected intraperitoneally 30 min after the 

administration of ghrelin. 
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On completion of each experiment, the rats were 

sacrificed, their brains were removed, fixed in formalin, 

and injection sides were verified in coronal sections. 

Only animals with the correct injection sides were 

taken for a further analysis. 

 

Statistical Analysis 

Data are expressed, as means ± SEM. The statistical 

analysis of the data was carried out by one-way 

ANOVA-followed by Tukey's test. In all comparisons, 

P < 0.05 was considered significant. 

 

Results 

Effect of Intrahippocampal Microinjection of Y1 

Antagonist on Seizure  

Figure 1 shows the effects of GR231118 (Y1 receptor 

antagonist) (10 µg/µl, i.h.), on the anticonvulsive 

activity of ghrelin in PTZ-induced seizure. 

Administration of GR231118, 20 min before the 

effective dose of ghrelin (0.3 nmol/µl), significantly (P 

< 0.001) prolonged duration of the seizures (Figure 1A) 

and increased total seizure score (P < 0.001) (Figure 

1B.) in rats.  

 
Figure 1. Effect of intrahippocampal injection of ghrelin 
preceded by GR231118 (Y1-receptor subtype antagonist) or 
saline on the duration of seizures (a) and total seizure score 
(b) during the 30-min post-PTZ behavior assessment. Data 
were analyzed by one-way ANOVA followed by Tukey’s test. 
Results are expressed as mean ± SEM, n=10 animals per 
group; *** P < 0.001 

 

Effect of Intrahippocampal Microinjection of Y2 

Antagonist on Seizure  

As shown in Figure 2, pre-treatment with BIIE0246 (Y2 

receptor antagonist) in dorsal hippocampus, 20 min 

prior to ghrelin administration (0.3 nmol/µl i.h.) 

reversed the anticonvulsant effects of ghrelin. 

BIIE0246 (400 pmol/µl, i.h.) administration 

significantly prolonged duration of seizure (p < 0.001) 

(Figure 2A) and intensified total seizure score (p < 

0.001) (Figure 2B). 

 
Figure 2. Effect of intrahippocampal injection of ghrelin 
preceded by BIIE 0246 (selective Y2-receptor subtype 
antagonist) or saline on the duration of seizures (a) and total 
seizure score (b) during the 30-min post-PTZ behavior 
assessment. Data were analyzed by one-way ANOVA followed 
by Tukey’s test. Results are expressed as mean ± SEM, n=10 
animals per group; *** P < 0.001 

 

Effect of Intrahippocampal Microinjection of Y5 

Antagonist on Seizure  
The effect of ghrelin in dorsal hippocampus of rats was 

reduced by GR231118 (Y5 receptor antagonist) at a 

dose of 1 µg/µl. Data analysis showed that duration of 

seizure was increased significantly (p < 0.001) after 

GR231118 administration as shown in Figure 3A. In 

addition, injection of CGP71683 prior to ghrelin 

administration significantly intensified total seizure 

scores (p < 0.001) (Figure 3B.) in PTZ-induced seizure 

in rats. 

None of the antagonists induced seizure when 

administered intrahippocampally alone (in the absence 

of PTZ) and there were no significant differences 

between saline or vehicle and ghrelin treated groups 

with ghrelin alone group in seizure duration and TSS. 

 

Discussion 

In the present study, in vivo PTZ model of epilepsy 

was used to determine one possible mechanism of 

action for anticonvulsant effect of ghrelin. We assessed 
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the response to ghrelin and different antagonists of 

NPY receptors in area CA1 of hippocampus in rats. 

Our findings demonstrated that the NPY type 1, 2, 5 

receptors are primarily involved in the anticonvulsive 

action of ghrelin. Our evidences have been obtained 

using GR231118 (potent Y1 receptor antagonist), 

BIIE0246 (a specificY2 receptor antagonist) or 

CGP71683 (a potent and highly selective non-peptide 

antagonist).
27,28,33 

 

 
Figure 3. Effect of intrahippocampal injection of ghrelin 
preceded by CGP 71683 (Y5-receptor subtype antagonist) or 
DMSO on the duration of seizures (a) and total seizure score 
(b) during the 30-min post-PTZ behavior assessment. Data 
were analyzed by one-way ANOVA followed by Tukey’s test. 
Results are expressed as mean ± SEM, n=10 animals per 
group; *** P < 0.001 

 

Ghrelin is a 28 amino acid peptide with growth 

hormone-releasing and appetite-inducing activities.
1,2

 

Ghrelin is involved in many more processes than was 

initially postulated, and its endocrine, paracrine and 

autocrine effects play a role in its physiological and 

pathophysiological functions.
1
 Recently, it has been 

shown that ghrelin has an antiepileptic effect and 

simultaneous treatment of animals with the ghrelin 

receptor antagonist significantly attenuates the 

neuroprotective effect of ghrelin against KA-induced 

excitotoxicity.
13,15,34,35

  

Circulating ghrelin enter the hippocampus, where 

specially has been shown to be a critical region for 

temporal lobe epilepsy, and binds to the hippocampal 

neurons.
7,36

 Ghrelin may exert modulator effects on 

neurotransmission.
21

 It enhances NPY and GABA-ergic 

activity in the brain.
21

 A number of studies show the 

possible involvement of NPY in the ghrelin-mediated 

effects.
20,21,37

  

Neuropeptide Y is a 36 amino acid peptide which has 

been suggested to act as an endogenous 

anticonvulsant.
18,38,39

 NPY is a powerful endogenous 

modulator of limbic seizure activity.
18

 It has potent 

inhibitory effects on excitatory synaptic transmission 

from stratum radiatum to CA1 pyramidal cells and in 

both area CA1 and CA3 of hippocampus.
40,41

 Mice 

lacking NPY had an enhanced susceptibility to PTZ-

induced seizures suggesting that the peptide is an 

important modulator of excitability in the CNS.
42

  

Six different NPY receptor subtypes have been 

reported (Y1–Y6). In the central nervous system, and 

specifically in hippocampus (an epileptogenic brain 

region), expression of Y1, Y2 and Y5 are most 

prominent.
18

 All three subtype receptors have been 

shown to influence epileptic activity.
43

 

Our results showed that pretreatment with GR231118, 

BIIE 0246 or CGP 71683 reverse anticonvulsant effect 

of intrahippocampal ghrelin. All these three NPY 

receptor antagonists increased the duration and TSS of 

PTZ-induced generalized seizures that had been 

attenuated by intrahippocampal administration of 

ghrelin. 

NPY could theoretically be acting to suppress 

generalized seizures via postsynaptic Y1 or Y5 

receptors enhancing GABAergic inhibition within the 

nucleus reticularis thalami or cortex, or presynaptically 

via Y2 receptors inhibiting GABA release from nRT 

axon terminals projecting onto VB neurons (and 

therefore reducing hyperpolarization-mediated T-

channel de-inactivation).
44

 Y1, Y2 and Y5 receptors 

have all been shown to influence epileptic activity and 

their receptor agonists reduced seizure-like activity in 

hippocampal cultures.
43

 Silva also suggested that 

selective Y1, Y2 or Y5 receptor activation significantly 

inhibits glutamate (principal brain excitatory 

neurotransmitter) release in rat dentate gyrus of the 

epileptic hippocampus induced by kainite.
45

  

The functional involvement of Y1 receptors in seizures 

has been demonstrated by several researchers with 

either anticonvulsant or proconvulsant effects.
42,44,46

 It 

has been reported that the Y1 receptor subtype 

predominantly mediates the antiepileptic activity of 

NPY in the frontal cortex.
46

 Conversely, Y1 receptors 

may mediate a facilitator role on seizure susceptibility 

and suggest that NPY Y1 receptors have a permissive 

role in seizures.
18,42,47

 

In accordance with these studies, our results suggest 

that Y1 receptors mediate an attenuating action of 

ghrelin on seizures induced by PTZ.
44,46

 Thus, we 

suggest that these receptors may play a role in ghrelin 

effects on PTZ-induced seizure. The controversial 

results about Y1 receptors role may depend on several 

experimental difficulties such as the selection of the 

brain region, epilepsy model, the type and dosage of 

the used convulsant and the applied Y1 receptor 

antagonists.  
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Y2-like receptor is highly expressed in the hippocampal 

formation. Y5 receptors are also expressed in high 

levels in the hippocampus.
48

 Several studies showed 

that antiepileptic actions of NPY require activation of 

hippocampal Y2 or Y5 receptor subtypes.
17,39,43,49,50

 

There are strong evidences from in vitro and in vivo 

studies that the effect of NPY to suppress hippocampal 

seizures and absence seizures was mediated by the Y2 

receptors.
39,41,44

 Some studies have also suggested that 

in rat CA1 neurons, Y5 agonists reduce excitatory 

postsynaptic currents and the Y5 antagonist 

CGP71683A as well the Y2 antagonist BIIE0246 both 

block the inhibitory effect of NPY on glutamate 

release.
51,52

 Taken together, these data suggest that both 

Y2 and Y5 receptors regulate hippocampal seizures.
53

 

Our results confirmed these findings and it seems that 

Y2 and Y5 receptors may play a critical role in 

modulating ghrelin induced hippocampal 

anticonvulsant effect. 

In conclusion, intrahippocampal microinjection of 

ghrelin reduced the TSS and shortened the duration of 

epileptic activity in PTZ-induced seizures of rats and 

central administration of the NPY1, 2, 5 receptor 

antagonists, prior to ghrelin antagonize the ghrelin 

anticonvulsant effects. Therefore, it is possible to 

speculate that ghrelin acts in the central nervous system 

to modulate seizures via NPY receptor dependent 

mechanisms. It will be beneficial to measure NPY 

levels after ghrelin administration to find out whether it 

acts through NPY release to control seizures in the 

hippocampus. 
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