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ABSTRACT
Introduction: This study was designed to evaluate the relationship between taking sodium val-
proate (VPA) and the onset of polycystic ovarian syndrome (PCOS) in women with epilepsy (WWE)
and analyze the biochemical factors and expression levels of three miRNAs as diagnostic or pre-
dictive biomarkers. These miRNAs target numerous genes and molecular pathways involved in
hyperandrogenism, insulin resistance, and obesity in PCOS patients. Methods: The study was con-
ducted on 120 WWE aged 18–35 years before and after monotherapy with VPA and 120 women
with PCOS (WWP). After collecting the plasma samples of patients, the total RNA was extracted.
Then, the miRNA-218, miRNA-222, and miRNA-146 expression levels were determined via qRT–
PCR. Results: In this study, the relative expression levels of miRNA-146 and miRNA-218 showed a
significant increase in the WWP and treated epileptic patients (P≤ 0.01). However, the expression
level ofmiRNA-222 significantly (P≤ 0.05) reduced. Our finding showed a significant increase in the
concentrations of anti-Müllerian hormone (AMH), free testosterone, and estradiol and an increased
LH/FSH ratio after treatment compared with pre-treatment with VPA (P≤ 0.05). Conclusion: Sig-
nificant changes were observed in the expression of the examined miRNAs after receiving VPA,
especially miRNA-218. In addition, a significant correlation was found between PCOS and AMH,
free testosterone, estradiol, and the LH/FSH ratio. Therefore, the miRNA-218 expression and these
biochemical factors are valuable biomarkers for predicting PCOS symptoms. They are cost-effective
for controlling side effect and timely medication adjustments in patients receiving VPA.
Key words: Anti-seizure medication, Sexual disorders, miRNA-146, miRNA-222, miRNA-218

INTRODUCTION
Epilepsy is a common neurological disease affect-
ing both genders, and it is estimated that approxi-
mately 50 million individuals are afflicted with this
disorder worldwide1. According to epidemiological
studies conducted on Iranian epileptic patients, the
incidence of epilepsy is likely 5 per 1000 people2,
and its prevalence is higher in women than men3.
Epilepsy has been linked to several reproductive en-
docrine disorders depending on the type, duration,
and dose of anticonvulsant drugs. Hormonal changes,
irregular menstrual cycles, and symptoms resembling
polycystic ovarian syndrome (PCOS) are some of the
most frequently described signs4. There are vari-
ous antiepileptic medicines (AEDs) available for ther-
apy, but valproate (VPA) is regarded as the top op-
tion5. VPA has mood-stabilizing properties and is
prescribed for treating focal and generalized epilepsy.
It is also effective for partial seizures, bipolar disor-
der, migraines, and neuralgia6. It has been shown

that VPA inhibits liver enzymes7 and can increase
the concentration of sex hormone-binding globulin
(SHBG) in both sexes. It has been associated with
an increased free androgen index and increased levels
of dehydroepiandrosterone sulfate, androstenedione,
and testosterone, as well as the development of ovar-
ian cysts, sexual problems, subfertility, and irregular-
ities in the menstrual cycle8. Finally, a higher preva-
lence of PCOS-like symptoms in epileptic women
who use VPA indicates that it may impair andro-
gen synthesis and ovarian function. This is probably
due to various effects on the hypothalamic–pituitary–
ovarian axis9. Recent research has shown that us-
ing AEDs while having epilepsy causes several issues,
with PCOS and its consequences having been consid-
ered10.
MicroRNAs (miRNAs) are small, non-coding RNAs
with a length of 18 to 25 nucleotides that significantly
affect cell development, proliferation, differentiation,
inflammation, apoptosis, stress response, and the
spread of malignant tumors via post-transcriptional
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suppression. Circulating miRNA has recently been
linked to the development of cardiovascular dis-
orders, endometriosis, poor ovarian response, and
cervical cancer11. Recent research demonstrates
that the miRNA expression is altered in the serum,
plasma, follicular fluid, and granulosa cells of PCOS
patients compared with healthy controls, making
them potential biomarkers for diagnosing, moni-
toring, and treating this condition12,13. Further-
more, miRNAs may indicate PCOS-related aberrant
metabolism, impaired oocyte quality, and decreased
endometrial receptivity. PCOS patients have consid-
erably higher levels of miR-146a and miR-222 than
healthy women14. In addition, miR-146a is differen-
tially expressed in PCOS ovarian tissue. Bioinformat-
ics research has revealed that miR-146a and miR-222
target genes are implicated in the cell cycle, apopto-
sis, and endocrine pathways, such asWnt,MAPK, and
Jak-STAT signaling. These findings suggest that miR-
222 and miR-146a may play a role in the etiology of
PCOS15. Mature miR-218 has been identified to reg-
ulate mRNA expression through more than 900 tar-
get genes, including RICTOR, LAMB3, BIRC5, and
ROBO1, which may be crucial in the development
of cervical cancer, according to the Microcosm Tar-
gets software program (http://www.ebi.ac.uk/enright
-srv/microcosm/). Several of these genes are involved
in various cancer signaling pathways, including the
Wnt/β -catenin, ERK/MAPK, and Notch pathways16.
One study showed that higher miRNA-218 levels are
related to adiponectin suppression in obesity and
PCOS by binding to AMP-activated protein kinase
and p38 mitogen-activated protein kinase and acting
on the adiponectin receptor (AdipoR2)17. Numer-
ous studies have linked the markers miR-135b, miR-
190, miR-217, miR-218, miR-299, andmiR-342 to the
presence of estrogen receptors in breast cancer18. No-
tably, the expression of thesemiRNAs regulated by es-
trogen receptors (ERs) exerts indirect steroidal effects
on follicular cells or directly on the androgen receptor
pathway to modulate androgen metabolism and re-
lated disorders, such as breast cancer and PCOS19,20.
Because PCOS is diagnosed early, the severity and
progression of its problems can be treated2. As a
result, this study was established to identify a valid
and non-invasive biological marker for PCOS predic-
tion. Some miRNAs regulated in PCOS have been
confirmed, while others have been only predicted21.
In this study, miR-146a, miR-222, and miR-218 ex-
pression levels were investigated as potential indica-
tors for developing PCOS-like symptoms in epileptic
patients following VPA administration.

METHODS

Patient groups and study design

This study was performed at the Abortion Re-
search Center, Yazd Reproductive Sciences Institute
of Shahid Sadoughi University of Medical Sciences,
Yazd, Iran, with the approval of the local ethics com-
mittee. All participants signed informed consent
forms to use both their samples and information doc-
umented in their medical records.
All epileptic patients were referred from the neurol-
ogy and epilepsy clinics of Maseh Epilepsy Clinic Is-
fahan and Isfahan Epilepsy Society. An expert neu-
rologist diagnosed all epileptic patients (generalized
or focal epilepsy) according to the criteria of the In-
ternational League Against Epilepsy (ILAE) (2017).
Samples from PCOS women were collected from the
Abortion Research Center, Yazd Reproductive Sci-
ences Institute of Shahid Sadoughi University ofMed-
ical Sciences, Iran, and the diagnosis was made by a
gynecologist according to Rotterdam criteria. In the
epileptic group, patients with a history of endocrine
disorders, diabetes, liver disease, kidney disease, pi-
tuitary abnormality, depression, or any CNS disease
were excluded. Other exclusion criteria were abnor-
mal thyroid function tests and bodymass index (BMI)
> 30 kg/m2 in women with epilepsy before VPA treat-
ment (WWEb). Patients were asked to report any un-
wanted pregnancies or if they discontinued treatment
and were excluded from the study. Patients with ex-
cessive body hair, acne, or lactation problems were
screened thoroughly. The study also included 120 Ira-
nian women with PCOS aged 18 to 35 years (WWP)
with exclusion and inclusion criteria similar to the
epileptic group. None in the WWP group had a his-
tory of seizures, neurologic or other endocrine disor-
ders. All WWP and WWE patients were newly diag-
nosed or untreated.

Drug dosage and sample collection

All epileptic patients receivedVPA (RAHADRUG) in
a dosage of 500 mg/day (250 mg twice a day) for the
first week, which was increased to 1000 mg/day the
following week. The target maintenance dosage for
VPA was 1000–2000 mg/day for at least 3 months. In
this study, 5 mL of peripheral blood was drawn from
each patient before and after treatment in the epilep-
tic women. The whole blood was centrifuged twice:
once at 4000 rpm for 10 min and then for 15 min at
1200 rpm to remove cell particles completely. Then,
the serum was stored at−80◦C for further analysis.
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Demographic and hormonal information
Some of the required information for the study was
extracted frompatient records or questionnaires filled
out by specialists. The demographic information and
clinical findings included BMI, age, irregular men-
struation, and hirsutism (F–G score). Furthermore,
some information about the classification of epilepsy
was recorded: length, frequency, family history, and
age at symptom onset of seizures. Moreover, in-
formation on hormonal and biochemical parameters
was extracted from the medical records. These pa-
rameters included luteinizing hormone (LH), follicle-
stimulating hormone (FSH), LH/FSH ratio, anti-
Müllerian hormone (AMH), estradiol (E), free testos-
terone, dehydroepiandrosterone (DHEA-S), estra-
diol, hydroxyl progesterone, prolactin, SHBG, fasting
insulin, and fasting glucose levels.

microRNA extraction and quantification
Circulating miRNA from plasma was extracted us-
ing a miRNA extraction kit (Roche) according to
the manufacturer’s instructions. A NanoDrop 2000c
fromThermo Scientific was used to evaluate the con-
centration of the extracted RNA and its purity by
determining the A260/A280 ratio, and then, it was
stored at −80◦C. cDNA synthesis was achieved us-
ing the BON-miR 1st-strand cDNA synthesis miRNA
kit (catalog #BON209001). qRT–PCR was performed
using RealQ Plus 2x Master Mix Green with high
ROXTM (Ampliqon, cat. No: A325402) and StepOne
software v2.3 on the qRT–PCR ABI system (Applied
Biosystems, Carlsbad, CA, USA). SNORD was used
as an endogenous control due to its stable expres-
sion in all samples in the profiling experiments for all
miR-146, miR-218, and miR-222. qRT–PCR was per-
formed to evaluate the expressions of the miRNAs us-
ing a specific primer (Table 1) in a total volume of 25
µL by following the thermal profile of initial denat-
uration at 95◦C for 10 min, followed by 40 cycles of
95◦C for 15 s, 60◦C for 1 min, and 72◦C for 45 s. All
PCR experiments were performed in duplicate. The
relative expression values of all miRNAs were evalu-
ated using the relative quantification 2−∆CT method.

Statistical analysis
Data processing and statistical analysis were per-
formed using the SPSS software version 26. The pa-
rameters are reported as means ± SD between the
PCOS and epileptic patients before and after treat-
ment. Multiple comparisons were made using Pear-
son correlations and ANOVA test, discrete variables
were compared with Pearson’s test, and P < 0.05 was

considered significant. For comparing the mean dif-
ferences in miRNA-146, miRNA-222, and miRNA-
218 expression levels between epileptic patients be-
fore and after treatment, P < 0.01 was considered sig-
nificant.

RESULTS
A total of 120 women (mean age, 26.5 years; range,
18–35 years) before and after monotherapy with VPA
were compared to women who only had PCOS (mean
age, 27.5 years; range, 18–35 years). There was no sig-
nificant difference in BMI between groups 1 and 2, but
women in the VPA-treated group becamemore obese
(BMI > 25) after treatment (Table 2). The hirsutism
score was significantly different between groups (P≤
0.05) with an average of 5.83± 0.314 inWWEb, 15.06
± 0.480 in WWEa, and 19.13 ± 0.980 in WWP (F–
G score in Table 2). The information about clinical
menstrual disturbances summarized in Table 1 in-
cludes irregular menstruation (amenorrhea, dysmen-
orrhea, and oligomenorrhea) or the time of irregular
menses. The pattern of menstrual cycle irregularities
in WWEa was very similar to that of WWP and sig-
nificantly different fromWWEb.
The comparison of biochemical parameters, includ-
ing target hormones, between the three groups,
WWEa, WWEb, and WWP, is summarized in Ta-
ble 3. The women had significantly lower free testos-
terone levels before taking the VPA than the control
(WWP) and VPA groups (WWEb) (P ≤ 0.05). Next,
we examined DHEA-S, and its serum level increased
after treatment. However, the DHEA-S mean was
not significantly different after VPA treatment (P ≤
0.05). Concerning PCOS, serum levels of LH, FSH,
and AMH are important for both early diagnosis and
prognosis. Our findings showed increased levels of all
three hormones after VPA treatment (P ≤ 0.05). The
increases in serum levels of AMH and LH were sig-
nificant, and the increase in the serum level of AMH
was high. No difference was observed compared to
the WWP group (P > 0.05). However, in the case of
FSH, the increase showed an insignificant difference
after treatment. Moreover, the LH/FSH ratio signifi-
cantly increased after treatment, reaching the amount
found in the PCOS patients (WWP) (Table 3).
Regarding the increase in estradiol hormone, there
should be a significant difference after treatment with
VPA, but not to the extent that it reaches the WWP
group level. In contrast to the increasing trend of
estradiol, a significant decrease in the serum level
of SHBG was observed after treatment (Table 3).
Moreover, in the women after VPA treatment, higher
serum levels of PRL and hydroxy progesterone than
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Table 1: Tm and forward primer sequence of miR-146, miR-218, miR-222 and hsa- snord47 as endogenous
control primer

miRNA Tm Primer (stem loop) (5’-3’)

hsa-mir-222-F 58/5 AACTACATCTGGCTACTGGGT

hsa- snord47-F 60 ATC ACT GTA AAA CCG TTC CA

hsa-miR-218-5p-F 58 TTG GGC TTG ATC TAA CCA T

hsa-miR-146a-F 58/3 TGG AAG GTT GAG AAC TGA AT

Table 2: Comparison of demographic information and clinical findings of WWE patients group before and after
treatment with VPA andWWP patients group were participated in this study

WWEb1

(n = 120)
(mean± std.

Error)*

WWEa2

(n = 120)
(mean± std.

Error)*

WWP3

(n = 120)
(mean± Std.

Error)*

P value
(between groups)

1-2 2-3 1-3

BMI
(kg/m2)

24.64± 0.580 25.70± 0.499 27.90± 0.53 0.51 0.35 0.18

Age (years) 26.5± 0.950 26.5± 0.950 27.5± 0.80 - - 0.81

% Irregular
menstrual

20.50± 0.450 67± 1.801 80.5± 1.03 0.03** 0.087 0.02**

Hirsutism
(G-F score)

5.83± 1.314 15.06± 0.980 19.13± 1.07 0.00** 0.021** 0.00**

1 . WWEb: women with epilepsy before treatment with VPA
2 . WWEa: women with epilepsy after treatment with VPA
3 . WWP: women with polycystic ovarian syndrome
* Data presented as mean and Standard Error were made using ANOVA test. Tukey test was applied for discrete variables comparison of
group.
** P value < 0.05

Figure 1: The expression of miRNAs in WWE patient group before and after treatment by VPA and WWP
patient group. Data presented as mean and Standard Error were made using the ANOVA test. Tukey test was
applied for discrete variables comparison of groups. * P value < 0.05. ** P value < 0.01. Abbreviations: VPA:
Valproate;WWEa: womenwith epilepsy after treatmentwith VPA;WWEb: womenwith epilepsy before treatment
with VPA;WWP: women with PCOS
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Table 3: Hormonal and biochemical parameters inWWE patients group before and after treatment with VPA
andWWP patients group were participated in this study

Variables WWEb1

(n = 120)
(mean± std.

Error)*

WWEa2

(n = 120)
(mean± std.

Error)*

WWP3

(n = 120)
(mean± Std.

Error)*

P value**
(between groups)

1-2 2-3 1-3

Free Testosterone
(pg/mL)

8.373± 1.390 16.02± 0. 864 19.51± 1.00 0.01** 0.038** 0.005**

DHEA-S (µg/dL) 268.80± 8.18 413.15± 2.78 432.37±
4.019

0.003** 0.043** 0.00**

Estradiol (pg/mL) 308.00±
26.710

430.42±
19.047

528.19±
13.55

0.004** 0.01** 0.00**

Hydroxy proges-
terone (ng/dL)

356.53± 4.557 394.36±
8.922

451.40±
5.349

0.018** 0.06 0.005**

Prolactin (ng/mL) 17.466± 0.709 39.966±
1.899

50.633±
1.324

0.010** 0.056 0.006**

SHBG (nmol/L) 51.05± 1.707 24.03± 1.47 18.86± 0.814 0.005** 0.06 0.001**

Fasting Insulin
(µIu/mL)

11.32± 3.390 19.283±1.864 19.70± 1.442 0.04** 0.877 0.012**

Fasting glucose
(mmol/dL)

4.353± 1.703 5.373± 1.150 6.02± 1. 903 0.03** 0.042** 0.01**

HOMA-IR 2.21± 0.631 4.63± 0.532 5.31± 0. 72 0.005** 0.023** 0.004**

AMH (ng/mL) 2.86± 1.721 7.50± 3.59 7.91± 4.609 0.005** 0.809 0.003**

FSH (mIu/mL) 8.55± 3.971 9.05± 2.911 11.24± 2.719 0.52 0.00** 0.001**

LH (mIu/mL) 10.86±2.479 25.59± 1.322 33.89± 2.934 0.00** 0.00** 0.00**

LH/FSH ratio 1.26± 0.832 3.00± 0.914 3.09± 0.742 0.002** 0.899 0.001**
1 . WWEb: women with epilepsy before treatment with VPA
2 . WWEa: women with epilepsy after treatment with VPA
3 . WWP: women with polycystic ovarian syndrome
* Data presented asmean and Standard Error weremade using ANOVA test. Tukey test was applied for discrete variables comparison of group
** P value < 0.05

in theWWEb group were significantly observed (P≤
0.05), but not to the extent that it reached the WWP
group level. In addition to the mentioned hormones,
fasting insulin and glucose levels were also assessed.
Our results showed increased fasting insulin and glu-
cose levels after treatment (P ≤ 0.05). Finally, dur-
ing the treatment, the mean HOMA-IR values were
significantly increased from 2.21 to 4.63 in women
treated with VPA (Table 3). Thus, insulin resistance
(HOMA-IR > 2.5) developed during therapy among
the VPA-treated patients. For the women who took
VPA, those who had proximate insulin resistance lev-
els before starting therapy became obviously insulin
resistant during therapy. In addition, serum levels of
AMH and LH and the LH/FSH ratio increased signif-
icantly after treatment (Table 3).

Linear regression analysis was performed to deter-
mine the role of demographic information and hor-
monal and biochemical parameters on themiRNAex-
pression in the WWEa, WWEb, and WWP groups.
In the linear regression analysis, the hirsutism and
AMH levels were correlated with the miRNA-222 ex-
pression level (b = 0.01; P = 0.000) (b = 0.0209; P
= 0.049) (Table 1S in the Appendix). Additionally,
significant correlations were observed between pa-
rameters, such as hydroxprogesterone (b = 0.273; P=
0.02), fasting G (b = 0.453; P = 0.00), AMH (b = -
0.282; P = 0.014), LH/FSH ratio (b = −0.217; P =
0.049), free testosterone (b = 0.207; P = 0.05), and
estradiol (b = 0.628; P = 0.05), LH (b = 0.094; P =
0.05) with the miRNA-218 expression level (Table 1S
in the Appendix). Moreover, significant correlations
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Table 4: miRNA expressions inWWE patients’ group before and after treatment with VPA andWWP patients’
group were participated in this study. (WWEb, WWEa, andWWP (control)) (mean± SE)

miRNA Expression WWEb1

(n = 120)
(mean± std.

Error)

WWEa2

(n = 120)
(mean± std.

Error)

WWP3

(n = 120)
(mean± Std.

Error)

P value
(between groups)

1-2 2-3 1-3

miRNA-222 
(2−∆CT )

0.206± 0.74 0.099± 0.89 0.15± 0.71 0.013** 0.072 0.00***

miRNA-146 
(2−∆CT )

0.133± 0.685 0.49± 0.718 0.52± 0.885 0.001*** 0.02** 0.00***

miRNA-218 
(2−∆CT )

0.10± 0.936 0.74± 0.831 1.04± 0.903 0.001*** 0.503 0.00***

1 . WWEb: women with epilepsy before treatment with VPA
2 . WWEa: women with epilepsy after treatment with VPA, and WWP
3 . WWP: women with polycystic ovarian syndrome
*Data presented as mean and Standard Error were made using ANOVA test. Tukey test was applied for discrete variables comparison ofgroup.
** P value < 0.05
*** P value < 0.01

were shown between variables of DHEA-S (b = 0.51;
P = 0.00), estradiol (b = 0.345; P = 0.00), SHBG (b =
−0.004; P = 0.01), FSH (b = 0.187; P = 0.017), pro-
lactin (b = 0.362; P = 0.002), LH (b = 0.359; P =
0.003), AMH (b =−0.201; P = 0.05) and the miRNA-
146 expression level (Table 2S in the Appendix). Ad-
ditionally, significant correlations were observed be-
tween some hormones (associated with PCOS and
VPA treatment) and the miRNA expressions. A sig-
nificant difference was found among PCOS pheno-
types in terms of the expression of the three miRNAs
and AMH level.
This study examined the expression of three miR-
NAs related to PCOS with the aim of early diagnosis
of this syndrome and its complications during treat-
ment with VPA. The mean expressions of miRNA-
146 and miRNA-218 were significantly higher after
treatment. Despite the significant increase in these
two miRNAs in the WWEa group compared with the
WWEb group (P ≤ 0.001), the increase in miRNA-
218 is not comparable to its level inWWP (P = 0.503).
In contrast, miRNA-222 expression reduced signifi-
cantly after treatment with VPA (P = 0.013) (Table 4)
(Figure 1).

DISCUSSION
There are two types of anti-epileptic drugs: drugs
that induce the liver enzymes, such as phenytoin, car-
bamazepine, and phenobarbital, and those that do
not induce the liver enzymes, such as VPA22. There
is mounting evidence that VPA can disrupt ovarian
function and androgen production, presumably due

to numerous effects on the hypothalamic–pituitary–
ovarian axis, based on the emergence of PCOS-like
symptoms in patients who use this medication. Ac-
cordingly, it has been shown that VPA alters nu-
merous signaling pathways in the hypothalamic–
pituitary–ovarian axis. Some of the most significant
signaling cascades are involved in the functionality
of this drug and its consequent symptoms. It has
been indicated that VPA can increase GABA (an in-
hibitory neurotransmitter) signaling in GnRH neu-
rons. Several studies demonstrated that this pathway
might be responsible for activating theGnRH/LH sys-
tem and correlate with downstream consequences in
PCOS patients. Studies have reported that the GABA
level is considerably higher in the cerebrospinal fluid
of PCOS patients than in healthy women.
Clinical data have revealed that VPA treatment is di-
rectly linked to the development of PCOS symptoms
in women. According to the results of previous stud-
ies and this study, an increase in the pulse frequency
of LH leads to increased LH/FSH ratios in epilep-
tic patients treated with VPA and in women with
PCOS23. These pathological phenomena affect the
ovarian pathogenesis of PCOS, including hyperpla-
sia of theca cells, increased concentration of andro-
gens, the altered response of LH to the stimulation of
GnRH, and elevated serum prolactin levels.
Some studies have shown that women with PCOS
require higher levels of exogenous progesterone and
estradiol to diminish the high and frequent pulsed re-
lease of LH24. The impact of anti-epileptic drugs on
the concentrations of reproductive hormones could
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indicate an association between the occurrence of re-
productive disorders and the consumption of these
medications. These correlations in epileptic patients
are primarily based on several studies showing that
alterations in SHBG are linked with sexual dysfunc-
tion25. Evidence shows that VPA effectively con-
tributes to the metabolic pathways of estrogens and
androgens. The considerable increase in the biochem-
ical factors mentioned above following VPA treat-
ment in this study also confirmed previous investiga-
tions.
The impact of VPA on the serum concentrations of
sex hormones is complicated, and some studies have
indicated increased estrogen and testosterone in pa-
tients who received VPA26. The development of hy-
perandrogenism and PCOS following the use of VPA
has been extensively addressed in the literature. Sev-
eral studies have demonstrated that VPA affects the
hepatic cytochrome P450 enzyme system (another
metabolizing system of VPA). This might result in el-
evated levels of biologically active and free forms of
testosterone due to aromatase activity 27. Gustavsen
et al. showed that the treatment of human adrenal
carcinoma cells, as a cell-line model of steroidogen-
esis, with VPA led to the downregulation of genes in
response to some miRNAs regulating the early steps
of steroidogenesis28.
In this study, we found a marked reduction in the
serum levels of SHBG in the WWEa group. Ac-
cording to previous studies and our results, VPA in-
creases the risk of developing PCOS in women29,30.
Heterogeneous conditions exist for diagnostic crite-
ria of PCOS, including chronic anovulation or men-
strual disorders, ovarian cyst morphology, hyperan-
drogenism, and hirsutism. In addition, PCOS has
been associated with co-morbidities, such as type 2
diabetes, dyslipidemia, hyperinsulinemia, insulin re-
sistance, obesity, infertility, and galactorrhea31. A
study on Finnish women demonstrated that approx-
imately 60% of individuals who received VPA ex-
hibited biochemical and clinical changes related to
PCOS32. One common side effect of PCOS is weight
gain that could result from mitochondrial inhibition
in response to oxidative metabolites33. In our study,
no significant difference was detected in the weights
of patients before and after VPA treatment. One ran-
domized prospective study on women treated with
lamotrigine and VPA reported serum concentrations
of free and total testosterone following 6–12 months
of treatment30. Our findings showed a significant
increase in the serum levels of free testosterone in
women after VPA treatment. Studies have assessed

the correlation between PCOS-like symptoms and in-
sulin resistance and obesity among patients who re-
ceived VPA. VPA can alter some intracellular signal-
ing cascades, such as mitogen-activated protein ki-
nases (MAPK), serine/threonine protein kinase GDP
(Akt), and protein kinase C (PKC)34. DeGrave and
colleagues analyzed the effect of different doses of
VPA on the activities of steroidogenic enzymes in the-
cal cell cultures isolated after hysterectomy from indi-
viduals with normal ovaries and PCOS patients. VPA
(up to 500 µM) increased the production of DHEA,
androstenedione, and progesterone in ovarian theca
cells, thus increasing the expression levels of CYP17
and CYP11 α genes35. However, multiple investiga-
tions have found that individuals who received VPA
exhibited hyperleptinemia and resistance to elevated
leptin levels, mainly in those who are obese. A novel
discovery concerning the hidden pharmacological ef-
fects of VPA was that it suppresses the amount of lep-
tinmRNA in adipocytes in a dose-dependentmanner,
considerably reducing hormoneproduction36. In this
study, the serum concentrations of HOMA-IR and in-
sulin were remarkably higher in epileptic patients af-
ter treatment with VPA than in those who did not re-
ceive VPA. Nisha and colleagues confirmed that in-
dividuals who received VPA had significantly higher
insulin and HOMA-IR values than newly diagnosed
patients. However, BMI did not change between the
treated and untreated individuals37.
Recent studies have shown a correlation between the
serum concentration of AMH, which belongs to the
TGF-β family, and the incidence of PCOS.Thus, they
introduced this hormone as a valuable and powerful
diagnostic marker in the pathogenesis of PCOS. The
role of AMH during folliculogenesis is to act as a reg-
ulator, avoiding FSH overuse and maintaining home-
ostasis in the ovaries38. In the clinical assessment
and intervention of PCOS, two factors, AMH levels
and insulin resistance, are significant. Insulin resis-
tance is clinically correlated with hyperandrogenism
and increased AMH serum levels. Nevertheless, there
is contradictory information regarding the associa-
tion between high AMH levels and insulin resistance
and other metabolic symptoms of PCOS39. Further-
more, most research has involved few participants.
This prompted us to examine the blood AMH levels
in the epileptic women before and after VPA treat-
ment40.
Biomarker identification for the early detection of
PCOS-like symptoms in patients using VPA has
shown considerable promise in both fundamental re-
search and clinical applications, owing to the involve-
ment of several signaling pathways associated with
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PCOS. MiRNAs should receive greater attention as
a PCOS biomarker due to their widespread occur-
rence and strong link with endocrine abnormalities
and inflammatory disorders. Numerous studies have
shown that dysregulation of miRNAs participates in
the initiation, development, and progression of vari-
ous illnesses, including PCOS41. In this study, three
miRNAs, including miRNA-218, miRNA-222, and
miRNA-146, were chosen based on the literature and
bioinformatics analysis for the following reasons: re-
cent research has shown that these miRNAs are in-
creased in the oocytes and undergo substantial vari-
ations at the gene expression levels during matura-
tion of oocytes13,42,43. These miRNAs target many of
the genes and signaling pathways involved in hyper-
androgenism, insulin resistance, and obesity, as with
PCOS. By constructing the miRNA–mRNA network,
we demonstrated that miRNA-218, miRNA-222, and
miRNA-146 correlate with PCOS.
Similar to in PCOS, many of the genes and signal-
ing pathways associated with insulin resistance, hy-
perandrogenism, and obesity are targeted by these
miRNAs. By establishing an miRNA–mRNA net-
work, we showed that miRNA-218, miRNA-222, and
miRNA-146 are significantly linked with PCOS inci-
dence. Two of the three miRNAs are of particular in-
terest as biomarkers of PCOS. It has been reported
that miRNA-222 is positively associated with insulin
resistance, while miRNA-146 is inversely linked with
the testosterone level44,45. It is now known that the
insulin transport pathway is one of the most signif-
icant molecular pathways in developing PCOS, acti-
vating many detrimental pathways. The activation of
PTPN1, targeted by miRNA-146, acts as an inhibitor
in this pathway. Several lines of evidence indicate that
miRNA-146 expression is elevated, while PTPN1 ex-
pression is considerably reduced in PCOS patients46.
The RAS pathway could initiate insulin resistance or
activation of detrimental molecular cascades, subse-
quently activating the MAPK pathway by phospho-
rylation of the RAS protein. Activating this pathway
could result in the conversion ofMEK to ERK, leading
to increased production of androgens47. Of note, the
fas gene, targeted by miRNA-146, can induce apopto-
sis in oocytes, thereby promoting folliculogenesis48.
It has been reported that themiRNA-222 family is one
of the major regulators of the expression of this pro-
tein. As shown in Figure 2, this miRNA is elevated
in PCOS patients. It inhibits PTPN1 expression, thus
stimulating the activation of the MAP kinase path-
way, androgen production, and the emergence of dis-
ease complications49.

Notably, increased expression of miRNA-218 is cor-
related with the inhibition of adiponectin, which is
secreted by differentiated adipose tissues and is abun-
dantly present in the blood. However, its expression is
substantially diminished in thosewith PCOS andobe-
sity. TheMEKKs/TAK1 pathway regulates the molec-
ularmechanism of adiponectin production inmuscle.
miRNA-218 inhibits the adiponectin receptor (Adi-
poR2), which interacts with AMP-activated protein
kinase and p38 mitogen-activated protein kinase50.

CONCLUSIONS
To identify biomarkers for early detection of PCOS-
like symptoms in patients taking VPA, the expres-
sions of miRNA-218 and miRNA-146 were evaluated.
As previous evidence on PCOS-signaling pathways in
valperat users has described, many genes involved in
these pathways are targets of these miRNAs. Accord-
ing to our findings, the significant change in the ex-
pressions of these miRNAs and the results reported in
previous articles on their target genes can be used for
diagnostic or therapeutic purposes in patients taking
VPA. Concerning the development of PCOS, serum
levels of LH, FSH, and AMH are important for both
early diagnosis and prognosis. Moreover, we found
that serum AMH levels significantly differed among
women before and after VPA treatment. However,
positive correlations were observed between the other
hormones that link PCOS and VPA metabolism and
the expressions of the studied miRNAs.

ABBREVIATIONS
AdipoR2: receptor adiponectin; AEDs: antiepilep-
tic drugs; Akt/ PBK: The serine / threonine pro-
tein kinase GDP also known as the Akt; AMH:
Anti-Müllerian Hormone; BMI: body mass index;
CNS disease: Central Nervous System disease;
DHEA-S: dehydroepiandrosterone sulfate; E: estra-
diol; EIAEDs: liver enzyme inducing antiepilep-
tic drugs; Ers: estrogen receptors; FSH: follicle
stimulating hormone; GABA: inhibitory neurotrans-
mitter; HOMA-IR: homeostasis model assessment-
estimated insulin resistance; ILAE: International
League Against Epilepsy; Jak-STAT: Janus Kinase
and Signal Transducer andActivator of Transcription;
LH: luteinizing hormone; LH/FSH ratio: luteiniz-
ing hormone/ follicle stimulating hormone ratio;
MAPK: mitogen-activated protein kinase; miRNA:
microRNA; non-EIAED: none liver enzyme inducing
antiepileptic drugs; PCK: Protein kinase C; PCOS:
polycystic ovarian syndrome; PCR: polymerase chain
reaction; PTEN: Phosphatase and tensin homolog
deleted on chromosome 10; PTENP1: Phosphatase
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and tension homolog Pseudogene 1; PTPN1: Protein
Tyrosine Phosphatase Non-Receptor Type 1; qRT-
PCR: quantitative real time polymerase chain reac-
tion; SHBG: sex hormone binding globulin; VPA:
Valproate; Wnt: canonical pathway; WWEa: women
with epilepsy after treatment with VPA; WWEb:
women with epilepsy before treatment with VPA;
WWP: women with PCOS
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