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ABSTRACT

Introduction: Epilepsy is a neurological disorder that occurs due to abnormal neurons in the brain and an
imbalance between excitation and inhibition in the central nervous system. The first line of OAE in children
is VPA (Valproate Acid). However, long-term use can cause weight gain with a frequency of 10-70%. The
underlying mechanism of weight gain in patients remains unclear. Purpose: This study aimed to analyze
the relationship between levels of biomarkers AMPK, NPY, Leptin, and Adiponectin on changes in body
weight in patients with epileptic seizures using VPA monotherapy. Method: This study is an observational
cohort design. Data collection in April-June 2019. Inclusion criteria were children aged 2-10 years who
used VPA requirement less than two years, not taking any drugs that affect body weight, not diagnose
systemic lupus, nephrotic syndrome, and diabetes mellitus. Bodyweight and all biomarkers measurement
on subjects who came to the clinic at the time of study and at least after one month of taking VPA. A total
of 17 subjects participated in this study. Result: The results of the statistical multivariate analysis test of
VPA dosage on changes in body weight and biomarker levels found that Leptin, AMPK, Adiponectin did
not significantly increase in body weight (p>0.05), but NPY significant increase in body weight (p<0.05).
Conclusion: NPY is the most potent for appetite enhancing, preferential effect on carbohydrate intake,
weight regulation, energy storage, and expenditure. Increase production of NPY, there is an increase in

energy intake and then increases fat storage and body weight.
Key words: Weight gain, Leptin, NPY, AMPK, Adiponectin, Valproic acid, Epilepsy, Childhood.

INTRODUCTION

Epilepsy is a chronic disease of the brain
characterized by recurrent epileptic seizures (2
times or more), in which involuntary movements
involving part (partial) or the whole body are
generalized and often accompanied by loss of
consciousness and control of gastrointestinal and
urinary tract functions. Epileptic seizures occur
due to intermittent brain function disorders.
Epileptic is abnormal and excessive electrical
discharges in neurons paroxysmal and caused
by various etiologies.! The incidence of epilepsy
occurs with a prevalence of 49 cases per 100,000
population in low-middle-income countries. In
developing countries, about 70% of children and
adults with epilepsy successfully control seizures
with antiepileptic drugs (OAEs) and can be
discontinued without relapse or recurrence after
2-5 years of treatment.

Epilepsy treatment takes a long time.
Pharmacological therapy for older epilepsy such as
Valproic Acid (VPA), Phenytoin, Carbamazepine,
Phenobarbital is an antiepileptic drug commonly
used as the first line for seizures in children and
adults and is cheaper.’ The use of AED in children
often uses valproic acid. VPA is a broad spectrum
OAE and is the only OAE available in syrup in
Indonesia, making it an easy choice for patients to
consume. VPA works by increasing GABA levels in
the brain, inhibiting GABA transaminase, thereby

inhibiting GABA degradation.* VPA has some side
effects including digestive problems, prolongation
of prothrombin time, hyperammonemia,
thrombocytopenia,  encephalopathy,  alopecia,
headaches, tremors, and the appearance of allergic
reactions such as rashes.>® The side effect reported in
patients receiving VPA therapy is weight gain. The
percentage side effect of weight gain is between 10%-
70%.” This study aims to determine relationships
between several markers that theoretically have
affect fat and carbohydrate metabolism. This study
aims to determine biomarkers such as leptin, AMPK,
adiponectin, and NPY on changes in body weight in
childhood epileptic patients using VPA.

MATERIAL AND METHOD

This study is a prospective observational study.
The subjects of this study were pediatric patients
aged 2-17 years who were diagnosed with epileptic
seizures and used VPA monotherapy for two years
at the IR] Neurology Polyclinic RSUA and IR] RSUD
Ngudi Waluyo Blitar.

Inclusion Criteria:

1. Pediatric patients diagnosed with seizures who
used VPA monotherapy regimen for two years

2. Patients with complete data (demographic data,
drug therapy data)

3. Patients who have agreed to be involved as research
subjects and have signed an informed consent
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Exclusion Criteria:

1. Pediatric patients with a history of diabetes mellitus and nephrotic
syndrome

2. Pediatric patients using other drugs that can affect levels
(corticosteroids, NSAIDs, appetite-enhancing drugs).

3. Patients who are not willing to have blood drawn at the appointed time

4. Patients who stop taking valproic acid either on the advice of a doctor
or of their own accord

Data collection process

Patients who meet the criteria and their families are willing to sign
the informed consent and as research subjects. Data collection such as
regimentation of valproic acid monotherapy, type, frequency, intensity,
and duration of seizures, other patient's demographic using medical
records. Patients who met the inclusion criteria were drawn blood at
pre and post (1 month after first data collection). Take 3-5 ml of whole
blood from a vein and put it in an SST tube (serum separation tube),
without the addition of an anticoagulant. Whole blood, then incubated
for 20 minutes at room temperature and then centrifuged (1000 rpm
for 5 minutes) to obtain serum. Analysis of biomarkers in serum using
ELISA (Enzyme-linked immunosorbent assay)

Data analysis

The normality of data using SPSS version 23, namely the Shapiro Wilk
statistic (p>0.05). Statistical analysis for data using Pearson's test (for
correlation) and Mann Whitney (for difference test) with p < 0.05 for
significant different.

RESULT

This study was conducted at the outpatient unit (IR]) Neurology
and Pediatrics at the Airlangga University Hospital (RSUA) and the
IR] Pediatric Health Sciences. RSUD Ngudi Waluyo Wlingi Blitar,
in April-June 2019. This research has been certified ethically by the
Ethics and Legal Committee of the RSUA based on the SK Lolok Ethics
Test NO. 130/KEH/2019. Sampling technic by consecutive sampling
and obtained 17 research subjects who took data on body weight, and
biomarker levels such as Leptin, NPY, Adiponectin, AMPK pre and
post (1 month after first data collection).

DISCUSSION

In this study, the total number of samples that met the inclusion
criteria was 17 patients. Based on gender, there were 9 male patients
(52.9%) and 8 female patients (47.1%) (Table 1). The average daily total
dose consumed was 572 mg. from the study result, a total of 12 patients
experienced weight gain and 5 patients experienced weight loss. The
average weight change was a weight gain of 0.82 kg for one month. The
mechanism underlying the weight gain in epilepsy patients taking the
OAE (antiepileptic drug) valproic acid is unclear. Testing the levels of
several biomarkers is used to find the basis for weight gain. This study
uses adiponectin markers based on the hypothesis that the occurrence
of hypothalamic dysregulation can increase appetite effects and affect
adipose tissue, adipokines and trigger hyperinsulinemia, fatty acid
metabolism disorders, insulin resistance, and genetic susceptibility.®

Of the four biomarkers observed, only the NPY biomarker was
statistically significant in influencing changes in patient weight and
had a positive correlation (Table 3). NPY is the most potent appetite-
enhancing polypeptide. NPY has a preferential effect on carbohydrate
intake, weight regulation, energy storage, and expenditure. One study
by Baranowska et al.® showed that NPY levels increased earlier than
leptin levels at the beginning of the obesity period. NPY can increase
food intake, limit energy expenditure and decrease thermogenesis,
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Table 1: Demographic characteristics.

Characteristic Total (n=17)
Average *
Variable N % Deviation
standard
Gender
Male 9 52,9
Female 8 47,1
Age
Young child (2-6 years) 5
Child (6-12 years) 6 ;9;"31 10x44
Adolescent (12-17 years) 6 353
Puberty status
puberty 6 85%)
No puberty 11 64,7
Duration medication (months)
< 6 months 12+9,2
> 6 months 7 41,8
10 58,8
Totale dosage/day (mg) pr2i E5l08

(130 - 1000 mg)
Drug dosage form

Syrup 11 64,7
Tablet 6 35,3

in brown fat tissue, facilitating fat storage in white tissue through
insulin activity.!” Valproic acid (VPA) has multiple effects on cellular
signaling cascades leading to various changes in gene expression. The
molecular mechanism by which long-term VPA treatment increases
NPY expression in the thalamus may involve epigenetic mechanisms.
VPA has an inhibitory effect on HDAC (Hitondeactylase) and
promotes the expression of the Brain-Derived Neurotropic Factor
(BDNF) gene (a transcriptional marker for the regulation of m-RNA
from NPY biomarker). Hormonal signals, particularly leptin, insulin,
and glycerin affect NPY secretion. Through the Y1 and Y5 responses,
NPY activates laterally. Hypothalamus Area (LHA) is the center of
hunger and stimulation in this area can inhibit pro-opiomelanocortin
(POMC) (the center of satiety). Besides increasing appetite, NPY has
the function of regulating teratogenesis and energy intake. With an
increase in NPY, there is an increase in energy intake then increases fat
storage and causes an increase in body weight.!1?

The next biomarker to be observed was adiponectin. Adipose tissue is
an endocrine organ (secretes many biologically active proteins namely
adipokines and adipocytokines). Adipocytokines biomarkers such as
leptin, tumor necrosis factor (TNF-a), plasminogen activator inhibitor
type-1 (PAI-1), adipokines, resistin, and adiponectin.”*'* Adiponectin
is arole biomarker in the regulation of glucose and fatty acid catabolism
in the body.'*'” Adiponectin will inhibit the regulation of peroxisome
proliferator-activated receptor alpha (PPAR-a) which is an important
transcription factor in fat regulation, if adiponectin inhibited there
will be a decrease in acetyl CoA oxidase and uncoupled protein (UCP)
thereby increasing FFA oxidation and energy expenditure which leads
to increased fatty acids and hyperinsulinemia.’® In this study, the
average pre-adiponectin level was 20700ng/ml and the average post-
adiponectin level was 22535ng/ml. From the result of multivariate
analysis and the correlation known that adiponectin levels were not
statistically significant and had a negative correlation with changes in
body weight (Table 3). The study from Swabic and Havel" known that
several factors such as physical activity, patient diet, inflammation, and
oxidative stress that affect the adiponectin levels.

The third biomarker is AMPK. AMPK is a heteromeric protein kinase
complex activated by a low energy state and restores energy balance.?**
In this study, AMPK markers were not significantly different.
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Table 2: Results of measurement of body weight and biomarker levels.

Subject Body weight (kg) Leptin (ng/ml) NPY (ng/ml)
pre post pre post pre
1 23.5 25 0.340 0.607 0.3708
2 47 50 0.534 1.345 0.301
3 57 63 4.229 5.307 0.346
4 26 27 4.326 6.922 0.432
5 325 37 19.595 11.50 0.3427
6 335 36 12.503 13.443 0.4484
7 33 34.5 7.18 13.3 0.306
8 24 25.5 4.806 4.630 0.364
9 16 17 2.16 3.516 0.3119
10 12 13 3.601 2.972 0.4339
11 36 35 13.229 11.469 0.3965
12 47 45 29.29 34.882 0.3369
13 12,5 13 10.037 12914 0.4081
14 24 23 0.534 0.445 0.4748
15 31 29 35.474 72.397 0.4727
16 42 43 39.626 29.331 0.2475
17 41 42 10.999 5.958 0.4931
Min 12 13 0.340 0.445 0.2475
Max 60 63 39.626 72.397 0.4931
Average 32.8 33.9 11.67 13.58 0.3839
Is)t;?;ﬁn 1424 1492 1234 17.89 0.07378

post
0.4543
0.3593
0.396
0.437
0.536
0.4727
0.320
0.344
0.3638
0.5419
0.3793
0.2817
0.3793
0.3467
0.3064
0.3477
0.4322
0.2817
0.5419
0.3941

0.0751

AMPK (ng/ml) Adiponectin (ng/ml) Eﬁ::g":?ght
pre post Pre post

16.322 12.291 13471 11143 (+) 1.5
3.502 10.932 5629 5381 (+)3
15.198 8.944 3198 2384 (+)6
7.565 7.651 23309 18677 +)6
9.614 4.937 6753 18012 (+) 45
10.806 7.429 22154 8444 (+) 15
15.231 12.291 35309 25541 (+) 15
10.327 11.427 44104 20950 (+) 1
13.797 13.219 10880 67800 +1
26.823 21.431 16804 14092 (-)2
18.612 12.883 4143 18342 (-)1
10.923 18.448 45148 4896 (-)2
17.424 12.370 30512 67800 (+) 0.5
21.529 22.177 36007 41599 )1
17.197 16.393 17603 22439 (-)2
17.888 4.710 23407 12581 (+)1
27.682 16.937 23407 23016 (+) 1
3.502 4.710 4143 2384

27.682 22.177 45148 67800

15.3 12.6 20784 22535

6.4 52 13497 19.423

Note: kg:kilograms; NPY: Neuropeptide Y, AMPK: AMP-activated protein kinase; ng/ml: nanograms/mililiters; (+): there is weight gain/increase; (-): there is weight loss

Table 3: Correlation and multivariate test results of valproic acid dosage
on changes in body weight and changes in biomarker levels.

Biomarker p-value Correlation (r)
Leptin 0.879 -0.17

AMPK 0.838 -0.343
Adinopektin 0.707 - 0.100

NPY 0.038 +0.673

Note: NPY: Neuropeptide Y, AMPK: AMP-activated protein kinase

CONCLUSION

Of the four biomarkers observed, only the NPY biomarker was
statistically significant in influencing changes in patient weight and
had a positive correlation. Valproic acid (VPA) has multiple effects
on cellular signaling cascades leading to various changes in gene
expression. NPY increasing appetite, NPY has another function of
regulating teratogenesis and energy intake. With the increase of NPY,
there is an increase in energy intake then increases fat storage and
causes an increase in body weight.
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