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Abstract

Background: Several neuropeptides have concerned with epilepsy pathogenesis; ghrelin showed an anticonvulsant
effect. There is a potential relation between its level and antiepileptic drug (AEDs) response.

Objective: To evaluate ghrelin effect in adult epileptic patients and in response to AEDs.

Materials and methods: This case control study included 40 adult epileptic patients and 40 healthy controls.
Participants were subjected to history taking of seizure semiology, full general and neurological examination,
electroencephalography, and cranial imaging. Fasting serum acylated ghrelin (AG), unacylated ghrelin (UAG), and
urine AG levels were estimated to all participants by enzyme-linked immunosorbent assay (ELIZA).

Results: Serum AG, UAG, and urine AG levels were statistically higher in epileptic patients than controls (p = 0.005,
0.003, and 0.018 respectively). A significant higher level of serum AG was found among generalized epileptic
patients (p = 0.038). There was higher statistically significant levels of all measured parameters among poly therapy
patients (p = 0.003, 0.013, and 0.001 respectively). Also, a higher statistical significant level of serum AG and UAG in
AEDs-responsive patients was found (p < 0.001). Our results demonstrated significant positive correlation between
all measured parameters (serum AG, UAG, and urine AG) and epilepsy duration (p = 0.001, 0.002, and 0.009
respectively). High serum AG and UAG levels were independently associated with longer epilepsy duration (p =
0.00 and 0.008) and better response to AEDs (p < 0.001).

Conclusion: These results indicated that serum AG and UAG levels were significantly high in epileptic patients
especially with prolonged epilepsy duration and good AEDs response.

Trial registration: ClinicalTrials.gov NCT03926273 (22-04-2019) “retrospectively registered.”
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Background
Epilepsy is one of the most common chronic neurological
diseases. There are about seven million people in the world
affected by epilepsy. A number of neuropeptides have been
implicated with the pathogenesis of epilepsy [1].
Ghrelin is a 28-amino acid neuropeptide discovered as

the endogenous ligand of the growth hormone which
stimulates the release of growth hormone by the pituit-
ary gland [2]. There are two major forms of ghrelin in
plasma and tissues, acylated ghrelin (AG), and unacy-
lated ghrelin (UAG) [3]. After the secretion of acylated
ghrelin, it is quickly desacylated to unacylated ghrelin

which is the main circulating peptide as acylation is es-
sential for binding to the growth hormone secretagogue
receptor type 1a (GHSR1a) [1].
In the central nervous system (CNS), the main site of

ghrelin synthesis is the hypothalamus. The ghrelin recep-
tor GHSR1a is widely expressed, both peripherally and
centrally, in seizure-prone regions such as the hippocam-
pus. So, ghrelin may play a role in epilepsy [4, 5].
Studies were performed in animal models of epilepsy as-

cribed to ghrelin clear antiepileptic properties, though
would be somewhat obscure [6]. Several studies observed
higher ghrelin levels, but others showed lower levels. This
contrasting finding could be based on heterogeneous pa-
tient features such as age and antiepileptic treatment, differ-
ent epilepsy phases, treatment duration, or measurement
techniques. Contradictory finding was obtained in
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pediatric populations, possibly due to the presence of
other confounding factors such as the modulation of
ghrelin secretion by pubertal stage, age, weight gain,
and drug effects [7].
Furthermore, although ghrelin are of utmost interest

for patients affected by epilepsy, these peptides have
not been well evaluated in adult epileptic patients.
For this reason, we evaluated the effect of ghrelin in
adult epileptic patients as well as the relation between
serum ghrelin levels and the response to antiepileptic
drugs (AEDs).

Subjects and methods
The present study was a case control type. All patients
were selected from out-patient clinic of Neurology Depart-
ment, Zagazig University Hospitals, Sharkia Governorate,
Egypt, in the period from July 2018 to January 2019.
The study included two groups

Fig. 1 Sensitivity and specificity of serum acylated ghrelin, unacylated ghrelin, and urine ghrelin in detection of cutoff levels of the patients

Table 1 Clinical characteristics and laboratory results of patients
and controls

Variables Patients (N = 40) Controls (N = 40) p value

Age (M ± SD) 37.6 ± 10.52 38.37 ± 10.46 0.742

Sex

Male/female 25/15 24/16 0.81

Body mass index (kg/m2) 24.71 ± 3.32 25.64 ± 2.4 0.621

Serum AG (pg/ml) 17.26 ± 7.55 13.03 ± 3.63 0.005*

Serum UAG (pg/ml) 242.6 ± 37.19 193.6 ± 42.56 0.003*

Urine AG (pg/ml) 13.32 ± 4.07 10.71 ± 2.49 0.018*

Continuous data are represented in mean ± SD. AG acylated ghrelin, UAG
unacylated ghrelin
*Significant
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– Epileptic patients group (group I) consisted of 40
adults (15 females and 25 males), clinically and
electrophysiologically diagnosed according to the
new international league against epilepsy (ILAE)
classification 2017 [8]. Their mean age was 37.6 ±
10.52. They were currently taking AEDs.

– Control group (group II) consisted of 40 adults (16
females and 24 males), non-epileptic healthy
subjects. They were age, sex, body mass index, and
metabolic profile matched with the patients, and
their age mean was 38.37 ± 10.46.

Ethical consideration
The study was approved from the institute research
board of Faculty of Medicine, Zagazig University, Egypt
(ZU-IRB#5271\ 2-6-2018). A written consent was taken
from all of the participants after explaining the details,
benefits as well as risks to them.

Inclusion criteria
All of the participants were included if their age ≥ 18
years. Body mass index (BMI) < 30 kg/m2, total choles-
terol < 200 mg/dl, serum triglycerides < 200 mg/dl, and
random blood glucose level < 126 mg/dl.

Exclusion criteria

1. Patients with last seizure < 1 week
2. Patients and controls had acute or chronic

metabolic disorders (liver, kidney, thyroid,
endocrine, or gastrointestinal disorders).

3. Females with irregular menstrual cycle or on
estrogen therapy [9].

4. Patients with organic cerebral lesion that was
detected on cranial computed tomography (CT) or
cranial magnetic resonance imaging (MRI).

All participants were subjected to through history
taking of seizure semiology, complete general and neuro-
logical examination, electroencephalography (EEG), and
cranial CT or MRI.
Fasting 4 ml of peripheral blood was collected under

complete aseptic conditions (8.00–9.00 AM) from all
studied subjects, 2 ml of blood was added in a tube
containing protease inhibitor to prevent conversion of
acylated ghrelin (AG) to unacylated ghrelin (UAG); the
remaining blood sample was collected in a plain vac-
ationer tube for UAG determination; concentrated urine
samples were collected from all subjects for AG assess-
ment. AG and UAG levels in blood and concentrated
urine were determined by enzyme-linked immune-
sorbent assay (ELIZA) using human ghrelin and unacy-
lated ghrelin kits proved by Andy gene biotechnology
Co., LTD.
Patients’ samples have obtained ≥ 1 week from the last

seizure attack.
Patients group were sub-classified according to response

to antiepileptic drugs as drug responsive and drug-
resistant group according to the current definition [10].

Statistical analysis
Data were coded and analyzed using statistical package
of social science (SPSS version, 22) [11]. Data were
expressed as percentage for discrete variables and means
(M) ± standard deviation (SD) for continuous variables
student “t” tests, chi-square test, and correlation coeffi-
cient (R) were done when appropriate. p value < 0.05
was considered significant and p value < 0.001 was con-
sidered highly significant. Logistic regression analysis
was used to calculate odds ratios (OR) and 95% confi-
dence intervals (CI) for risk estimation. The sensitivity
and specificity of serum acylated ghrelin, serum unacy-
lated ghrelin, and urine acylated ghrelin were also
assessed by a receiver operating characteristic (ROC)
curve (Fig. 1).
We found a significant cutoff > 11.9 pg/ml with sensi-

tivity 81% and specificity 62% for serum AG and > 220

Table 2 Relation between laboratory results and seizure type

Laboratory results Seizure type p value

Focal (N = 16) General (N = 24)

Serum AG (pg/ml) 14.51 ± 5.05 19.1 ± 6.2 0.038*

Serum UAG (pg/ml) 238.37 ± 44.8 245.41 ± 31.8 0.564

Urine AG (pg/ml) 14.65 ± 3.5 12.44 ± 4.22 0.049

Continuous data are represented in mean ± SD. AG acylated ghrelin, UAG
unacylated ghrelin
*Significant

Table 3 Relation between laboratory results and antiepileptic drugs

Laboratory results Antiepileptic drugs p value

Monotherapy (N = 15) Polytherapy (N = 25)

Serum AG (pg/ml) 14.34 ± 3.7 18.55 ± 7.39 0.003*

Serum UAG (pg/ml) 244.62 ± 39.5 257.9 ± 30.2 0.013*

Urine AG (pg/ml) 13.9 ± 3.2 14.34 ± 3.63 0.001**

Continuous data are represented in mean ± SD. AG acylated ghrelin, UAG unacylated ghrelin
**Highly significant
*Significant
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pg/ml with sensitivity > 78% and specificity 60% for
serum UAG and > 12.2 pg/ml for urine AG with sensi-
tivity 63.3% and specificity 87.7%.

Results
There was a significant difference between patients and
controls as regard serum acylated ghrelin, unacylated
ghrelin, and urine acylated ghrelin with the higher levels
in the patients groups (p = 0.005, 0.003, and 0.018
respectively) (Table 1).
There were 16 patients presented with focal epilepsy

and 24 patients with generalized epilepsy. A significant
higher level of serum acylated ghrelin was found among
generalized epileptic patients (p = 0.038) (Table 2).
Fifteen patients received one type antiepileptic drug

(monotherapy patients) while 25 patients received more
than one type of antiepileptic drug (polytherapy pa-
tients). There was higher statistically significant levels of
all measured parameters among polytherapy patients (p
= 0.003, 0.013, and 0.001 respectively) (Table 3).
Splitting patients according to antiepileptic drug

(AEDs) response, we found 26 patients were AEDs re-
sponsive and 14 patients were AEDs resistant, with a
higher statistical significant level of serum acylated
ghrelin and unacylated ghrelin in AEDs-responsive pa-
tients (p < 0.001) (Table 4).
There were positive correlations between all measured

parameters and duration of epilepsy (p = 0.001, 0.002,
and 0.009 respectively) (Table 5).
Logistic regression analysis showed that high serum

acylated ghrelin was significantly associated with pro-
longed epilepsy duration (p = 0.00), poly therapy patients

(p = 0.021), and AEDs-responsive patients (p = 0.00).
High serum unacylated ghrelin was significantly associ-
ated with prolonged epilepsy duration (p = 0.008) and
AEDs-responsive patients (p = 0.00) (Table 6).

Discussion
This study aimed to evaluate ghrelin effect in adult epi-
leptic patients and in response to AEDs. We found that
serum acylated ghrelin (AG), unacylated ghrelin (UAG),
and urine ghrelin (AG) levels in epileptic patients were
statistically higher than controls, those of the similar
age, sex, and BMI. This was in accordance of Berilgent
and colleagues study [12] who stated higher levels of
serum ghrelin regardless type of epilepsy. Others found
a significant increase of serum, urine, and saliva levels of
AG and UAG in epileptic children [13]. Additionally, the
investigators established that enhancement of ghrelin in
epilepsy might stimulate the slow-way sleep and prolong
non-rapid eye movements (non REM) sleep during the
night, in which the seizures have a tendency to occur [12].
Others stated different results as Varrasi and col-

leagues [14] as they found inter-ictal AG and UAG levels
in adult epileptic patients with various epilepsy forms
were not altered from those healthy controls.
Conversely, others found a reduction of serum ghrelin

levels in epileptic patients before treatment than in con-
trols. They found a reduction in plasma levels of this
peptide almost coincident with convulsions [5]. Other
studies were done on rates settled a significant decreased
of serum acylated ghrelin level post-ictal that could be
attributed to its uptake by brain to represent an antiepi-
leptic effect. But reduction of unacylated ghrelin and
total ghrelin level failed to range statistical significance
[15]. Aydin and colleagues [5] were attributed that AG
uptake was increased by CNS structures to modify epi-
leptic discharges so its serum level decrease which was
more evident specifically after seizure stimulation. The
second clarification is due to diminution of ghrelin to
prevent the production of free radicals during seizures.
This contrasting finding could be based on heteroge-

neous patient features and antiepileptic treatment,
different epilepsy phases, or measurement techniques.
Contradictory finding that was also obtained in pediatric
populations may be attributed to the presence of other

Table 4 Relation between laboratory results and antiepileptic drugs response

Laboratory results Antiepileptic drug (AEDs) response p
valueAEDs responsive (N = 26) AEDs resistant (N = 14)

Serum AG (pg/ml) 21.32 ± 6.11 9.73 ± 2.27 0.00**

Serum UAG (pg/ml) 261.53 ± 21.74 207.42 ± 34.53 0.00**

Urine AG (pg/ml) 13.75 ± 4.61 12.53 ± 2.79 0.374

Continuous data are represented in mean ± SD. AG acylated ghrelin, UAG unacylated ghrelin
**Highly significant

Table 5 Correlation between all measured laboratory
parameters and duration of epilepsy

Parameter Duration of epilepsy (weeks)

Serum AG R 0.432

P 0.001**

Serum UAG R 0.380

P 0.002*

Urine AG R 0.363

P 0.009*

AG acylated ghrelin, UAG unacylated ghrelin
**Highly significant
*Significant
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additional confounding factors such as the modulation
of ghrelin secretion by pubertal stage, age, weight gain,
and drug effects [7].
This study showed positive correlations between ser-

ums AG, UAG, and urine AG levels and duration of epi-
lepsy. This was stated by Varrasi and colleagues [14]
who reported that AG and UAG levels were in direct
proportion of epilepsy duration regardless of seizure
type, AEDs response, or number of AEDs, which may
denote a long-term compensatory mechanism, opposed
to the epileptic process. In addition to that, multivariate
logistic regression analysis of high laboratory parameters
concluded that high AG and UAG levels were signifi-
cantly associated with prolonged epilepsy duration and
AEDs-responsive patients.
This finding was in agreement with others who found

higher serum AG and UAG levels in responders to
AEDs compared with controls and non-responders and
these changes occurred in a way independently on type
of AEDs [16]. Also, AG and UAG were downregulated
in children affected by refractory epilepsy [17]. That
gives the potential role played by these neuropeptides as
anticonvulsants; such properties could be linked to epi-
leptic patients and especially intractable seizures [18].
Ge and colleagues [18] supposed the possible mecha-

nisms of ghrelin’s anticonvulsant properties in the
subsequent three features: firstly, Ghrelin can reduce
cognitive dysfunction in epileptogenesis by endorsing
hippocampal synaptic plasticity. Secondly, ghrelin ap-
plies anticonvulsant effectiveness via thought-provoking
secretion of neuropeptide Y (NPY) which is one of the
most studied neuropeptides in epilepsy. NPY is richly
expressed in GABAergic interneurons of the central
nervous system including the hippocampus. Thirdly,
ghrelin exerts neuro-protective and anti-inflammatory
belongings and protect neuron from epilepsy-induced
neuronal damage.

Conclusion

– Our results demonstrated significant higher levels of
serum AG, UAG, and urine AG in our adult
epileptic patients in comparison with controls.

– These higher serum levels of AG and UAG were
significantly independent related with epilepsy
duration and better response to AEDs. So, serum
levels of AG and UAG could be promising
biomarkers of response to AEDs.

Recommendation

– Further studies are required on larger sample size
and longer duration of epilepsy to clarify the precise
role of ghrelin at different tissue fluids as
antiepileptic neuropeptide that may help to develop
new therapeutic ways to epilepsy especially
intractable forms.

– We encourage application of these neuropeptides as
a monitor of AEDs response as easy to use to make
more rapid and effective decision as well as to avoid
additional costs and side effects of AEDs.
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