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Abstract

Background: Epilepsy is a neurological disorder characterized by convulsions. Identification of biological pathways
underlying epilepsy and novel genes may shed light on the pathogenesis of epilepsy as well as new targets for
treatment.

Objectives: Amylin is cosecreted with insulin from the pancreatic β-cells in a pulsatile manner as a response to
nutrient stimuli. In vitro studies have shown the neurotoxicity potential of amylin. We aimed to investigate serum
amylin levels between epilepsy patients and a healthy control group.

Subjects and methods: For this study, 45 patients with epilepsy and 60 healthy controls were enrolled. Routine
blood analysis and electroencephalography scan were performed for all participants. Five cc venous blood sample
was collected from each participant. Sera were isolated and stored at − 80 °C until the time of amylin analysis with
the enzyme-linked immunosorbent assay.

Results: Gender distribution of the two groups was as follows: 44.4% males and 55.6% females among epileptic
patients and 53.3% males and 46.7% females for control subjects.
Body mass index was 23.09 ± 3.99 kg/m2 for epileptic patients and 26.29 ± 4.83 kg/m2 for controls, with a statistically
significantly higher body mass index in control subjects (p ˂ 0.001). With regard to serum amylin levels, a statistically
significant difference was observed between the two groups (p ˂ 0.001). The median serum amylin concentration was
226.62 ng/ml (69.49–6961.19 (min–max)) for epileptic patients and 103.66 ng/ml (37.42–607.11 (min–max)) for controls
(p ˂ 0.001).

Conclusion: In the present study, a significant difference was observed between patient and control groups in serum
amylin concentrations, which were considerably higher in epileptic patients.
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Introduction
Recent studies reported that 70 million people have epi-
lepsy worldwide, and about 90% of them reside in devel-
oping countries [1].
Epilepsy is a neurological disorder characterized by convul-

sions [2]. Epileptic seizures may result from transient inter-
ruption of normal brain function. Several factors including
illnesses, genetic predisposition, and environmental triggers
have been implicated in its etiology [2, 3]. Antiepileptic
agents are not effective for all types of epilepsy or all patients,
and they are associated with side effects [4–6]. Apart from

antiepileptic agents, the ketogenic diet may be effective in the
non-pharmacological treatment of refractory childhood epi-
leptic seizures. The ketogenic diet is a diet rich in fats and
poor in carbohydrates that mimic the effects of starvation in
the body [7, 8]. Recently, studies have shown that the keto-
genic diet is also an effective alternative therapeutic option
for adults, and there are ongoing studies that investigate its
long-term effects [9].
Identification of biological pathways underlying epi-

lepsy and novel genes may shed light on the pathogen-
esis of epilepsy as well as new targets for treatment.
Amylin is cosecreted with insulin from the pancreatic β-

cells in a pulsatile manner as a response to nutrient stim-
uli [10]. Amylin is synthesized as a propeptide precursor
prepro IAPP (Islet Amyloid Polypeptide), and a precursor
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of 67 amino acids, pro IAPP, is formed after the removal
of the signal peptide from this molecule [11].
Amylin is colocalized and cosecreted with insulin by

pancreatic beta cells. Factors involved in insulin secre-
tion also affect amylin secretion. While glucose, arginine,
and carbachol activate amylin, somatostatin has an in-
hibitory effect on amylin secretion [10].
In addition to pancreas, amylin secretion was also

demonstrated in trigeminal ganglion, dorsal root ganglia,
spinal trigeminal tract, and perivascular fibrils [12, 13].
Amylin crosses the blood-brain barrier, and amylin bind-
ing sites are present in many cerebral regions [14–16].
Amylin is known to interact with the insulin- signaling
cascade [17].
Amylin, an amyloidogenic peptide of 37-aminoacids,

was shown to share biophysical properties with amyloid-
beta (Aβ) peptide that forms insoluble aggregates in the
brain of patients with Alzheimer’s disease (AD). Using
embryonic rat hippocampal cultures, amylin was found
to induce neurotoxicity similar to that previously ob-
served with Aβ (1–40). However, rat amylin showed
negligible neurotoxicity despite having 95% sequence
similarity to human amylin [18].
In a separate study, hyperamylinemia caused by exces-

sive amylin production due to gene expression alter-
ations in the cerebral cortex of mice was associated with
deleterious effects in an AD mouse model [19].
The toxic species of human amylin are soluble oligo-

mers. Amylin oligomers alter membrane Ca2+ homeosta-
sis and viability of various cells including astrocytes and
neurons [20]. Additionally, oligomeric amylin causes ele-
vated plasma free fatty acid levels by stimulating lipoly-
sis, activates renin-angiotensin-aldosterone system, and
promotes inflammatory and oxidative stress [20–22].
Amylin oligomerization and amylin deposition in the
pancreas were found in patients with type 2 diabetes
mellitus [17]. In a number of studies, increased plasma
amylin concentrations have been demonstrated in many
disorders such as hypertension, hyperparathyroidism,
and renal failure [23–25].
Recent experimental evidence suggests that hyperamy-

linemia induces toxicity in peripheral organs [20, 26]. A
forementioned studies showed that increased serum
amylin levels were associated with neurodegeneration
and brain injury. Since epilepsy is a neurodegenerative
disorder, we aimed to determine serum amylin levels in
epileptic patients in comparison with healthy control
subjects.
In this study, we aimed to investigate serum amylin

levels in epilepsy patients and a healthy control group.

Subjects and methods
The study was conducted with a total of 105 subjects in-
cluding 45 epileptic patients presenting to SANKO

University Sani Konukoğlu Research and Practice
Hospital and 60 healthy controls. Patients were newly di-
agnosed with epilepsy (confirmed through routine
workup including EEG (The NicoletOne v32 EEG sys-
tem) and blood biochemistry ) and enrolled in the study
regardless of the epilepsy subtype. Epilepsy grading of the
study patients was performed based on the International
League Against Epilepsy (ILAE) 1981 classification.
Study inclusion criteria, no previous diagnosis of epi-

lepsy, no prior use of antiepileptic medications, naive to
drugs used for the treatment of neuropathic pain (gaba-
pentin, pregabalin).
Study exclusion criteria, patients diagnosed with dia-

betes mellitus or treated with antidiabetic drugs for any
reason, patients with an abnormal brain magnetic reson-
ance imaging, patients taking medications on a regular
basis for a chronic condition, and patients with a neuro-
degenerative disease such as Alzheimer’s disease or Par-
kinson’s disease.
Approval was obtained from the ethics committee of

SANKO University clinical researches before the study
(April 2019). Written informed consent was obtained
from all patients and control subjects prior to initiation
of the study. All participants were informed about the
nature and scope of the study. Routine blood analysis
and electroencephalography scan were performed for all
participants. Brain magnetic resonance imaging was con-
ducted when deemed necessary. The results of the neu-
roimaging examinations with a 1.5 Tesla brain magnetic
resonance imaging. Five cc venous blood sample was
collected from each consenting participant into plain
biochemistry tubes. Sera were isolated and stored at −
80°C until the time of amylin analysis with the enzyme-
linked immunosorbent assay. The serum amylin level
was determined by Elisa method (Human (Amylin) Elisa
kit Catalogue No. 201–12-0017).
Statistical analysis were performed using the Statistical

Package for the Social Sciences (IBM SPSS Statistics
22.0/2013, New York City, USA). Kolmogorov-Smirnov
test showed a normal distribution of body mass index
and an abnormal distribution of age and plasma amylin
levels among the study and control groups. Mann-
Whitney U test was used for variables with a non-
normal distribution and Student’s t test for variables
with a normal distribution. The χ2 test was used to
analyze gender difference between study groups. A p
value less than 0.05 was considered statistically
significant.

Results
The study enrolled 45 patients diagnosed with epilepsy
and 60 healthy controls. Gender distribution of the two
groups was as follows: 44.4% males and 55.6% females
among epileptic patients and 53.3% males and 46.7%
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females for control subjects. There was no significant dif-
ference with respect to gender between the study groups
(p = 0.4) (Table 1). Body mass index comparison between
the two groups showed that mean (± standard deviation)
body mass index was 23.09 ± 3.99 kg/m2 for epileptic pa-
tients and 26.29 ± 4.83 kg/m2 for controls, with a statisti-
cally significantly higher body mass index in control
subjects (p ˂ 0.001) (Table 1). Age comparison of the two
groups showed that median age was 28 years (min 18–
max 60) for epileptic patients and 36 years (min 18–max
70) for controls. No significant difference was found be-
tween the study groups (p = 0.07) (Table 1).
With regard to serum amylin levels, a statistically sig-

nificant difference was observed between the two groups
(p ˂ 0.001) (Table 1). The median serum amylin concen-
tration was 226.62 ng/ml (69.49–6961.19 (min–max))
for epileptic patients and 103.66 ng/ml (37,42–607,11
(min–max)) for controls (Table 1). Table 2 shows the
data for gender and serum amylin levels in epileptic pa-
tients and healthy controls. As can be seen from the
table, there were no significant differences in serum
amylin concentrations between the study groups in rela-
tion to gender (epileptic patients, p = 0.5; control sub-
jects, p = 0.2).

Discussion
The islet amyloid polypeptide (IAPP) or amylin is a pep-
tide hormone composed of 37 amino acid residues. This
hormone is synthesized by pancreatic islet beta cells.
Amylin is secreted together with insulin and has a key
role in the regulation of blood glucose level. Studies have
shown that amylin and insulin are not only involved in
glucose dysregulation but also have harmful toxic effects
in patients with type 2 diabetes mellitus [27]. Deleterious
effects of hyperamylinemia are related to conversion of
amylin into amyloids [20]. The toxic species of human
amylin are soluble oligomers. These oligomers alter Ca2+

homeostasis and viability of various cells such as astro-
cytes and neurons. Moreover, oligomeric amylin affects
the cardiovascular system by inducing lipolysis. Elevated
plasma free acid levels promote inflammation and oxida-
tive stress via advanced glycation end products receptors
(RAGE) [26].

Through its several hormones, particularly glucagon
and insulin, the pancreas maintains blood glucose levels
within a narrow range under normal physiological con-
ditions. Amylin secreted by the pancreas is a critical
component of this multihormonal system which regu-
lates both glucose metabolism and food intake [28, 29].
Studies showed development of obesity and insulin re-
sistance associated with low serum amylin levels and the
effects on pramlintide, an amylin analogue used for the
treatment of obesity, on body mass index [29].
In the present study, greater body mass index was

found in the control subjects who had lower amylin
levels compared with epileptic patients. This finding is
consistent with relevant literature.
Human amylin is a very aggressive amyloid-forming

peptide. More than 95% of insulin-resistant patients that
develop overt type 2 diabetes mellitus exhibit amylin
amyloids in the pancreas [2]. The initial oligomerization
process may involve proamylin and is associated with
chronic hyperglycemic stress. Additionally, oligomerized
amylin accumulates in the heart and kidneys, precipitat-
ing diabetic heart failure [26, 30].
Jackson K and colleagues showed that hyperamyline-

mia coincides with morphological changes of tissue and
bending of the capillaries, leading to neurodegeneration
of the cerebral blood vessels [31]. In the same study,
amylin accumulation in the temporal lobe gray matter of
diabetic patients with AD, non-diabetic patients with
AD, and healthy controls was examined, and amylin de-
position was observed in diabetic patients but not in
healthy controls. Interestingly, they observed amylin ac-
cumulation in the brain of non-diabetic patients with
AD and attributed this finding to insulin resistance or
aging.
In one study by Mulder and colleagues detected

amylin-like immunoreactivity in small to medium size
nerve cell bodies in the dorsal root ganglia, dorsal horns
of the spinal cord and trigeminal ganglion [32].
In the present study, a significant difference was ob-

served between patient and control groups in serum
amylin concentrations which were considerably higher
in epileptic patients. We excluded patients with estab-
lished diabetes mellitus, patients using antidiabetic drugs
for any reason, patients receiving multiple therapies for

Table 1 Comparison of study variables between epileptic patients and controls

Epilepsy group (number of individuals = 45) Control group (number of individuals = 60) p value

Gender, male/female 20/25, 44.4%/55.6% 32/28, 53.3%/46.7% 0.4*

BMI (kg/m2), mean ± standard deviation 23.09 ± 3.99 26.29 ± 4.83 ˂ 0.001**

Age (years), median (min–max) 28 (18–60) 36 (18–70) 0.07

Amylin (ng/ml), median (min–max) 226.62 (69.49–6961,19) 103.66 (37.42–607,11) ˂ 0.001

The Mann-Whitney U test was used for statistical analysis
*The chi-square test was used for statistical analysis
**Based on Student’s t test
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epilepsy or medications for a chronic condition on a
regular basis and patients with a neurodegenerative dis-
ease such as Alzheimer’s or Parkinson’s disease. Our
study sample consisted of patients with newly diagnosed
epilepsy. Despite this, serum amylin levels of these pa-
tients were significantly higher in comparison with those
of control subjects.
The present study has two limitations including small

sample size and failure to stratify patients based on epi-
lepsy subtypes. There is a need for further studies that
involve a greater number of patients and taking into ac-
count epilepsy subtypes.

Conclusion
In this study, a significant difference was observed be-
tween patient and control groups in serum amylin con-
centrations. A major aspect of our study suggests that
serum amylin levels and hyperamylinemia play a role in
the pathogenesis of epilepsy. Moreover, this study may
help explain why some epilepsy patients derive benefit
from the ketogenic diet.
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