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Abstract:

Melatonin is a tryptophan derivative, involved in different biological functions, including glyce-
mic status, lipid profile and oxidative stress status. These features are important for the pathogenesis
of polycystic ovary syndrome (PCOS). The present study aimed to evaluate the serum melatonin
level of women with PCOS and its association with its management. Case-control study was man-
aged in the Gynecology Consulting Clinics in Kirkuk and Erbil Governorate Hospitals, Northern
Iraq, from December 2023 to June 2024. The study involved 90 participants aged 18-45 years,
including 45 women diagnosed with severe polycystic ovary syndrome based on the International
Evidence-based Guideline (2023) and an equal number of matched healthy women controls. Serum
levels of melatonin, oxidative stress parameters, testosterone and metabolic variables, were assessed
using the ELISA (enzyme-linked immunosorbent assay), Electrochemiluminescence based immu-
noassay (ELICA) using Cobas e411 and colorimetric kits. In this study, ROC curve analyses, cor-
relation coefficients, and descriptive statistics were employed. Serum melatonin level was statistical-
ly different between PCOS and control (163.31+£57.74; 290.74+107.74) respectively. Biochemical,
hormonal and metabolic variables had significant correlations with melatonin in women with PCOS.
The AUC of melatonin was 0.864 (p =0.001), demonstrating that, in comparison to healthy control
women, it has the proper sensitivity to detect PCOS patients. These finding suggest that melatonin
had a significant association with PCOS and could be used as a useful biomarker of PCOS.

Keywords: melatonin, PCOS, oxidative stress, testosterone, metabolic variables.
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Introduction

Polycystic Ovary Syndrome (PCOS)
1s the most common endocrine disorder,
affecting roughly 6-15% of females in
their reproductive age between 15-45
years globally [1,2]. Based on data
from the World Health Organization
(WHO), the prevalence of PCOS var-
ies depending on the community under
study [3]. It is distinguished by a di-
verse array of clinical manifestations,
including inconsistent menstrual peri-
ods, elevated androgen levels, hirsut-
1sm and the ultrasonographic detection
of polycystic ovaries [4,5]. In addition,
two of the last three characteristics
are included in the Rotterdam criteria,
which are the most widely used diag-
nostic standards: (a) polycystic ova-
ries, (b) oligo- or an-ovulation, and (c)
hyperandrogenism [6,7]. The majority
of patients have metabolic disorders,
the most important of which are obe-
sity, insulin resistance, increased risk
of type 2 diabetes, cardiovascular dis-
eases, chronic inflammation, and high
oxidative stress [8,9,4]. Several inves-
tigations have demonstrated that ox-
idative stress plays a significant role
in the pathophysiology of PCOS and

that oxidative circulation indicators are
higher than normal in PCOS patients
[10]. These pathophysiologies associ-
ated with PCOS are interrelated with
each other. The molecular etiology of
PCOS is still unknown, despite mount-
ing evidence that genetic and envi-
ronmental variables play a role in the
pathogenesis of PCOS [11].

An imbalance between the body’s
enzymatic and non-enzymatic antiox-
idant output and oxidant generation is
known as oxidative stress, resulting
in excessive levels of reactive oxygen
species (ROS). Chronic hyperinsulin-
emia, which is believed to be caused
by insulin resistance, impairs follicular
growth, changes the gonadal response,
and impairs ovarian androgen metab-
olism [12]. Insulin resistance has been
linked to oxidative stress and ROS
generation. Reactive oxygen species
generation 1s elevated in response to
PCOS, and a number of characteristics
of PCOS, including as obesity, insulin
resistance, and androgen excess, may
exacerbate oxidative stress in these in-
dividuals [13].

Melatonin is a tryptophan deriv-
ative, 1s the sole hormone that ver-
tebrates’ pineal glands manufacture
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and secrete, and it plays a role in con-
trolling circadian rhythm. Melatonin
1s involved in several biological func-
tions, namely glycemic status, lipid
profile, inflammatory parameters and
anti-oxidative status [14,15]. More-
over, melatonin is a strong antioxidant
and free radical scavenger that targets
the mitochondria, preventing oxidative
stress and lowering reactive oxygen
species (ROS) and reactive nitrogen
species (RNS) locally. Melatonin can
also neutralize free radicals and exert
reproductive effects, thus improving
oocyte quality [16,17]. The purpose
of this study was to assess melatonin
plasma levels, its correlation, and the
potential for using it as a PCOS bio-
marker.

Participants and Methods

Study population

Gynecology Consulting Clinics in
Erbil Governorate Hospitals, Northern
Iraq, served as the site of this case-con-
trol study, for the period from Decem-
ber 2023 to June 2024. The study was
based on dealing with 90 married wom-
en aged 18-45 years, 45 women pa-
tients in a case of severe affected with
polycystic ovary syndrome were diag-
nosed based on the International Evi-

dence-based Guideline [18]. The di-
agnosis of PCOS was confirmed using
information from the history, physical
examination, biochemical tests, and
ultrasound results. On the other hand,
45 women joined the healthy group as
a control group consisting of healthy
women with regular menstrual cycles
and normal ovaries as determined by
ultrasound as well as normal biochem-
ical and clinical examinations and they
were considered free from PCOS.
Anthropometric evaluation
Baseline characteristics were re-
corded including age, height and
weight. Body mass index (BMI) was
calculated as weight/height* (kg/m?).
Blood samples collection and bio-
chemical variable examination
After advising the participants to
fast overnight before to the blood
draw, venous blood collection was car-
ried out early in the morning, between
8 and 9 AM, then allowing the blood
in gel tubes to coagulate for 20 min-
utes at room temperature. To avoid los-
ing any analytes, blood samples were
placed on ice right away and separated
in a chilled centrifuge. Plasma samples
were then stored at -20°C. Laboratory
tests were conducted for both groups
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to determine the level of melatonin,
glutathione, catalase, malondialdehyde
and 8-OHdG by using ELISA kits Elk.
Biotechnology- China). Insulin level
was measured using an enzyme-linked
immunosorbent assay (ELISA) kit
(Elk. Biotechnology- China). Fasting
blood sugar (FBS) was measured using
colorimetric kits (BIO LABO, France).
Testosterone and luteinizing plasma
levels was estimated by Electroche-
miluminescence based immunoassay
(ELICA) using Cobas e411 instrument
(Roche, Germany). Insulin resistance
was measured using the Homeostat-
ic Model Assessment of Insulin Resis-
tance (HOMA-IR) calculation, which
was FPG (mg/dl) x fasting insulin (pU/
ml)/405.

Statistical analysis

The data have been statistically an-
alyzed using SPSS software version
27(SPSS, Inc.), Analysis of Variance
(ANOVA) test was used in order to
evaluate the significance of variabil-
ity among PCOS women and control
groups and association among variables
in the study. The multiple comparisons
between the means are analyzed by
Duncan multiple range and post HOC
test and a value of P<0.05 is statisti-

cally consider significant. The correla-
tions between melatonin and other bio-
chemical parameters were measured
by Pearson’s correlation tests. Data
expressed as mean £+ SD [19]. To eval-
uate the discriminating between indi-
viduals with and without PCOS, a re-
ceiver operating characteristic (ROC)
curve analysis was conducted, and the
area under the curve was computed. If
p < 0.05, the difference was deemed
statistically significant.

Results

The present study enrolled 90 wom-
en, with 45 diagnosed with PCOS and
45 healthy, non-infertile women func-
tioning as a control group. Table (1)
presents the parameters characteristics
of the sample of women from both the
healthy control group and the group di-
agnosed with PCOS. There was a sig-
nificant difference (P>0.05) in the ages
of the PCOS patients (32.33+ 7.24
years) and the control group (27.96+
5.61 years).
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Table (1) Parameters characteristics of the study population

Parameters Control PCOS p-value
Age years 27.96£5.61 32.33+£7.24 <0.05
BMI kg/m? 26.19+3.23 34.62+5.49 <0.001
Melatonin U/mL 290.74+107.74 163.31+57.74 <0.001
8-OHdG nmol/ml 0.34+0.11 0.75+0.27 <0.001
MDA ng/mL 2.65+.35 5.85+.49 <0.001
Testost. ng/mL 0.35+0.19 0.58+0.64 <0.05
Insulin pU/ml 10.44+3.41 16.91+£5.94 <0.001
FBG mg/dl 91.36 +6.10 123.11£16.69 <0.001
GSH ng/ml 0.20 £0.13 0.12+0.14 <0.05
CAT pg/mL 551.58 + 83.37pg/mL 326.66+ 60.58 pg/mL <0.001
HOM-IR 2.46%0.81 9.7+4.25 <0.001

However, compared to the control
group (26.19+3.23 kg/m2), the PCOS
patients” BMI (34.62+£5.49 kg/m2)
was considerably higher (p<0.001).
PCOS women’s blood melatonin lev-
els were substantially (P<0.001) lower
(163.31£57.74 U/mL) than those of the
healthy control group (290.74+107.74
U/mL). Furthermore, 8-OHdG and
MDA level were significantly (p<0.001)
elevated in the serum of PCOS women
(0.75+0.27 nmol/ml; 5.85+.49 ng/mL)
in comparison with control (0.34+0.11
nmol/ml; 2.65+.35 ng/mL) respective-
ly. On the other hand, GSH and CAT
(0.12+0.14 ng/ml; 326.66 pg/mL)
were decreased significantly (p<0.001)

compared with control (0.20 £0.13 ng/
ml;551.58 pg/mL) respectively. Testos-
terone and LH levels were increased
significantly (p<0.05) in PCOS wom-
en (0.58+0.64 ng/mL; 10.64+ 6.51
mlU/ml) compared with control group
(0.35£0.19 ng/mL; 8.40+3.41 mlU/ml)
respectively. The results revealed con-
siderable disparities in the level of in-
sulin, HOMA-IR and FBG parameters
(»<0.001) in PCOS group (16.91+5.94
pnU/ml; 9.7£4.25;123.11£16.69 mg/
dl) compared to control (10.4443.41
pU/ml; 9.7+4.25; 91.36+6.10 mg/
dl) respectively. Figure (1) shows the
correlation data between melatonin
and parameters involved. Except HO-
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MA-IR, the findings showed a signifi- p=0.047), and metabolic parame-
cant inverse relationship between BMI  ters, Insulin (-0.362, p=0.015), FBG
and plasma melatonin level (-0.461, (-0.450, p=002). In return, a significant
p=0.001), MDA (-0.383, p=0.009), positive correlation with GSH (0.383,
8-OHdG (-0.463, p=0.001), Testoster- p=0.009) and CAT (0.493, p=0.001).
one (-0.451, p=0.002), LH (-0.298,
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Figure (1) Correlations of plasma melatonin levels with study parameters

To investigate the effectiveness of ing to ROC curve analysis. The area

melatonin level as biomarker for pre- under curve 0.864 (95% CI) was 0.895
dicting PCOS, in this performed ROC (0.518 to 0.764), p = 0.001 (Fig 2).
analyses in PCOS patients, melatonin

exhibited an appropriate diagnostic ef-

ficacy. Melatonin’s cutoff value of
198.62 ng/L had a suitable sensitivity
(0.756) and specificity (0.756), accord-
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Figure (2): ROC curve of melatonin for diagnosing women PCOS
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Discussion

There are two main sources of mel-
atonin production, the first in the pi-
neal gland with a rhythm production
into the blood and cerebrospinal fluid,
and the second is constituting the bulk
produced from several tissues, its ac-
tion is in determining redox homeo-
stasis [14]. In the present study, we
measured the concentration of plasma
melatonin of PCOS and controls. In
addition, correlations between mel-
atonin and serum hormones, meta-
bolic and oxidative stress parameters
were analyzed. Our results showed a

significant decrease (p<0.001) in the
level of melatonin in PCOS women
as compared with control that were
(163.31+57.74, 290.74+ 107.74) U/
ml respectively. These results consist-
ed with [20,21]. Melatonin is normally
synthesized in the ovary, as both mel-
atonin synthesizing enzymes AANAT
(arylalkyl amine Nacetyltransferase)
and HIOMT (hydroxy indoleOmethyl
transferase) are present in ovarian tis-
sue [22]. The decreased plasma mel-
atonin levels are due to the decreased
level of its synthesis in the ovary or
its depletion caused by vital role as an
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antioxidant to reduce the formation of
free radicals and their end-products
such as lipid peroxidation and other as-
sociated complications in women with
PCOS. Li et al., [20] showed a lower
concentration of melatonin in the ovar-
ian microenvironment of women with
PCOS than that of healthy women. In
addition, Brzezinski et al., [23] showed
that the concentration of melatonin in
follicular fluid is positively correlated
with serum. Therefore, the decreased
serum concentration is related to the
decreased melatonin in follicular fluid
through its role as a free radical scav-
enger to reduce oxidative stress in local
tissues, in order to support follicular
growth by stabilizing the local ovari-
an microenvironment [24,25]. Oxida-
tive stress has been previously inves-
tigated in women with PCOS, with
studies showing increased lipid per-
oxidation, xanthine oxidase and per-
oxynitrites, while decreased enzymatic
and non-enzymatic antioxidants were
observed [26,27] which is in line with
the current study’s findings (Table 1).
By raising mRNA levels and GSH re-
ductase as well as the activity of many
antioxidant enzymes, including gluta-
thione peroxidase (GPx), catalase, and

superoxide dismutase (SOD), mela-
tonin indirectly activates the body’s
antioxidant defense mechanism, which
catalyze the conversion of O2 to H202
[28,29]. Assessing these enzymes aids
in confirming melatonin’s antioxidant
benefits in cells. Additionally, mela-
tonin consumption has been linked to
lower MDA levels, an indirect sign of
elevated ROS generation in cells and
a persistent byproduct of lipid oxida-
tion. Therefore, the administration of
melatonin influences the reduction of
cell death and lipid and peroxide lev-
els [30]. In this study, the results of the
correlations between melatonin and
oxidative stress variables proved a sig-
nificant negative correlation with an-
tioxidants such as GSH and CAT and
a significant positive correlation with
MDA and 8-OHdG, which indicates
the role of oxidative stress as a cause
of the PCOS and the role of melatonin
in suppressing the generation of ROS
resulting from the increased level of
metabolic variables and androgens in
PCOS women, which 1s what the re-
sults of the study indicated. The pres-
ent study showed an increase in BMI
in women with PCOS, which was indi-
cated in previous studies [31,32], and
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that it 1s negatively and significantly
associated with plasma melatonin con-
centration (Fig.2). Women with PCOS,
which have a high BMI, showed also
an increasing in the level of testoster-
one and luteinizing hormone which
correlates negatively with plasma mel-
atonin level. Additionally, increasing
body mass index (BMI) and abdomi-
nal fat distribution linearly increase the
risk of type 2 diabetes due to changes
in adipose tissue biology that link obe-
sity to insulin resistance and beta cell
dysfunction. Our study results showed
a significant increasing in insulin, in-
sulin resistance and FBG in PCOS
women compared to healthy control
consisting with several studies [33,34].
Besides the BMI, PCOS women were
had a negatively correlation between
melatonin and insulin and FBG. Thus,
melatonin deficiency appears to have
broad implications for the pathophys-
iology of PCOS, and women with
PCOS are often sub-fertile secondary
to ovulatory dysfunction, impaired
quality of oocyte, and low endometrial
receptivity [35].

Studies have suggested that mela-
tonin may play an important role in the
pathogenesis of PCOS and premature

ovarian degeneration through its an-
tioxidant role and may be associated
with follicle development and oocyte
quality, interfering with processes such
as oocyte maturation and ovulation
[16]. Melatonin has been found to ex-
ert neuroendocrine control experimen-
tally by directly affecting GnRH cells
in the hypothalamus either by reducing
gene expression or by regulating G pro-
tein-coupled melatonin receptors [36].
High levels of melatonin suppress the
GnRH pulse in the hypothalamus, caus-
ing a series of changes in reproductive
function. There 1s also a direct effect on
the pituitary gland to suppress the se-
cretion of LH and FSH [37]. Thus, this
finding suggests that low melatonin
levels are associated with increased
levels of both LH and FSH as shown
in the study results (Table 1; Fig. 1). In
contrast, the study by [32,37] showed
that melatonin treatment improves the
status of women with PCOS, decreases
the pro-inflammatory condition, low-
ers obesity, boosts the quantity of ma-
ture eggs, and improves the quality of
eggs and embryos.

Numerous studies have shown that
melatonin lowers obesity, improves the
proinflammatory state that drives the
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development of metabolic variables
like insulin and FBG, and restores ad-
ipokine patterns [21]. Together, these
results suggest that melatonin may be
useful in the treatment of PCOS pa-
tients because of its aromatase-modu-
lating properties, ability to reduce he-
patic gluconeogenesis, amelioration of
the pro-inflammatory state associated
with PCOS, enhancement of peripheral
tissue glucose uptake, and consequent
decrease in insulin levels. In addition,
As illustrated 1n fig (2), our findings re-
garding ROC curve analysis indicated
that melatonin can be utilized as a suit-
able sensitive biomarker in the diagno-
sis of PCOS.

In conclusion, Obesity was seen in
women with PCOS who participated
in this investigation, elevated levels of
testosterone and luteinizing hormone,
metabolic abnormalities, and oxidative
stress, indicating disturbances in sev-
eral organ systems. The present study
also demonstrated that melatonin has
excellent sensitivity and appropriate-
ness in diagnosing PCOS. Therefore,
based on its data, the study suggests
the use of melatonin to normalize the
studied basic parameters of the syn-
drome in women.

References

[1] Trikudanathan S. Polycystic
ovarian syndrome. Med Clin North
Am. 2015 Jan;99(1):221-35. dot:
10.1016/j.mcna.2014.09.003.  Epub
2014 Nov 22. PMID: 25456652.

[2] Sengupta P, Dutta S, Hassan MF.
Polycystic ovary syndrome (PCOS)
and oxidative stress. J. Integr. Sci.
Technol. 2024, 12(3), 752

[3] World Health Organization
(WHO). (2023) Polycystic Ovary Syn-
drome. Available online: https://www.
who.int/news-room/fact- sheets/detail/
polycystic-ovary-syndrome (accessed
on 24 July 2023).

[4] Uckan K, Demir H, Turan K,
Sarikaya E, Demir C. Role of Ox-
idative Stress in Obese and Non-
obese PCOS Patients. Int J Clin
Pract. 2022 Feb 9; 2022:4579831.
doi: 10.1155/2022/4579831. PMID:
35685525; PMCID: PMC9159123.

[5]Zeng X, XieYJ,LiuYT, Long SL,
Mo ZC. Polycystic ovarian syndrome:
Correlation  between  hyperandro-
genism, insulin resistance and obesity.
Clin Chim Acta. 2020 Mar;502:214-
221. doi: 10.1016/j.cca.2019.11.003.
Epub 2019 Nov 13. PMID: 31733195.



293 ||

dudlyell d o oladl - duy Ul auds - duodellg dugu il SlwlyaJl dl oo
02025 JI5T- oLl pale - guo Bl aaall - ggyduellg guolBlsaell

[6] Siddiqui S, Mateen S, Ahmad R,
Moin S. A briefinsight into the etiology,
genetics, and immunology of polycys-
tic ovarian syndrome (PCOS). J Assist
Reprod Genet. 2022 Nov;39(11):2439-
2473.doi: 10.1007/s10815-022-02625-
7. Epub 2022 Oct 3. PMID: 36190593;
PMCID: PM(C9723082.

[7] Fauser BC, Tarlatzis BC, Re-
bar RW, Legro RS, Balen AH, Lobo
R, Carmina E, Chang J, Yildiz BO,
Laven JS, Boivin J, Petraglia F, Wi-
jeyeratne CN, Norman RJ, Dunaif A,
Franks S, Wild RA, Dumesic D, Barn-
hart K. Consensus on women’s health
aspects of polycystic ovary syndrome
(PCOS): the Amsterdam ESHRE/AS-
RM-Sponsored 3rd PCOS Consensus
Workshop Group. Fertil Steril. 2012
Jan;97(1):28-38.e25. doi: 10.1016/.
fertnstert.2011.09.024. Epub 2011 Dec
6. PMID: 22153789.

[8] Zuo T, Zhu M, Xu W. Roles of
Oxidative Stress in Polycystic Ova-
ry Syndrome and Cancers. Oxid Med
Cell Longev. 2016;2016:8589318. doi:
10.1155/2016/8589318. Epub 2015
Dec 6. PMID: 26770659; PMCID:
PMC4684888.

[9] AbdulWahed AMH, Al-obaidi
SMR, Al-samarrai A-MHM. Effect of

hot aqueous extract of Rheum ribes
roots on some hormonal and biochem-
ical parameters in induced Polycystic
Ovary Syndrome in local female rab-
bits. Eurasia J Biosci (2018 ), 12: 419-
423.

[10] Turan V, Sezer ED, Zeybek B,
Sendag F. Infertility and the presence
of insulin resistance are associated with
increased oxidative stress in young,
non-obese Turkish women with poly-
cystic ovary syndrome. J Pediatr Ado-
lesc Gynecol. 2015 Apr;28(2):119-23.
doi: 10.1016/j.jpag.2014.05.003. Epub
2014 May 20. PMID: 25850594.

[11] Hajam YA, Rather HA,
Rajesh Kumar N, Basheer M, Reshi
MS. Review, A review on critical ap-
praisal and pathogenesis of polycystic
ovarian syndrome. Endocrine and Met-
abolic Science, (2024). 14, 31: 100162.

[12] Magzoub R, Kheirelseid EAH,
Perks C, Lewis S. Does metformin im-
prove reproduction outcomes for non-
obese, infertile women with polycystic
ovary syndrome? Meta-analysis and
systematic review. Eur J Obstet Gy-
necol Reprod Biol. 2022 Apr;271:38-
62. doi: 10.1016/j.ejogrb.2022.01.025.
Epub 2022 Feb 1. PMID: 35149444.

[13] Amini L, Tehranian N, Mova-



Association of melatonin in women

with polycystic ovary syndrome ................ Mahabad H Rasoul , Faiza N Tomma , Saleh M Rahim J { 294

hedin M, Ramezani Tehrani F, Ziaee
S. Antioxidants and management of
polycystic ovary syndrome in Iran:
A systematic review of clinical trials.
Iran J Reprod Med. 2015 Jan;13(1):1-
8. PMID: 25653669; PMCID:
PMC4306978.

[14] Reiter RJ, Sharma R, Tan DX,
Chuffa LGA, da Silva DGH, Slomins-
ki AT, Steinbrink K, Kleszczynski K.
Dual sources of melatonin and evi-
dence for different primary functions.
Front Endocrinol (Lausanne). 2024
May 14; 15:1414463. doi: 10.3389/fen-
do.2024.1414463. PMID: 38808108;
PMCID: PMCI11130361.

[15] Morvaridzadeh M, Sadeghi
E, Agah S, Nachvak SM, Fazelian S,
Moradi F, Persad E, Heshmati J. Effect
of melatonin supplementation on oxi-
dative stress parameters: A systematic
review and meta-analysis. Pharma-
col Res. 2020 Nov; 161:105210. doi:
10.1016/5.phrs.2020.105210. Epub
2020 Sep 29. PMID: 33007423.

[16] Tamura H, Jozaki M, Tanabe
M, Shirafuta Y, Mihara Y, Shinaga-
wa M, Tamura I, Maekawa R, Sato
S, Taketani T, Takasaki A, Reiter RJ,
Sugino N. Importance of Melatonin
in Assisted Reproductive Technolo-

gy and Ovarian Aging. Int J Mol Sci.
2020 Feb 8;21(3):1135. doi: 10.3390/
1jms21031135. PMID: 32046301; PM-
CID: PMC7036809.

[17] Monteiro KKAC, Shiroma ME,
Damous LL, Simdes MdJ, Simdes RdS,
Cipolla-Neto J, Baracat EC, Soares-Jr
JM. Antioxidant Actions of Melatonin:
A Systematic Review of Animal Stud-
ies. Antioxidants. (2024).13(4):439.

[18] International Evidence-based
Guideline for the assessment and man-
agement of polycystic ovary syndrome
(2023)

[19] Dawson B. (2004). Basic &
Clinical Biostatistics: Fourth Edition,
Publisher: McGraw Hill Professional.
ISBN: 9780071781329.

[20] Li H, Liu M, Zhang C. Wom-
en with polycystic ovary syndrome
(PCOS) have reduced melatonin con-
centrations in their follicles and have
mild sleep disturbances. BMC Wom-
ens Health. 2022 Mar 21;22(1):79. doi:
10.1186/s12905-022-01661-w. PMID:
35313872; PMCID: PMC8935689.

[21] Al-Qadhi H. 1. Effect of mela-
tonin supplementation on serum lh lev-
el and bmi in women with polycystic
ovarian syndrome. Journal of Phar-
maceutical Sciences and Research.



295 ||

dudlyell d o oladl - duy Ul auds - duodellg dugu il SlwlyaJl dl oo
02025 JI5T- oLl pale - guo Bl aaall - ggyduellg guolBlsaell

2018;10(1):1-4. [Google Scholar]
[22] Jain P, Jain M, Haldar C, Singh
TB, Jain S. Melatonin and its correla-

tion with testosterone in polycystic
ovarian syndrome. J Hum Reprod Sci.
(2013), 6(4):253-8. doi: 10.4103/0974-
1208.126295. PMID: 24672165; PM-
CID: PMC39633009.

[23] Brzezinski A, Seibel MM,
Lynch HJ, Deng MH, Wurtman RJ.
Melatonin in human preovulatory fol-
licular fluid. J Clin Endocrinol Metab.
(1987), 64(4):865-7. doi: 10.1210/
jcem-64-4-865. PMID: 3818907.

[24] Reiter RJ, Mayo JC, Tan DX,
Sainz RM, Alatorre-Jimenez M, Qin
L. Melatonin as an antioxidant: under
promises but over delivers. J Pineal
Res. (2016), 61(3):253-278.

[25] Cruz MH, Leal CL, Cruz JF,
Tan DX, Reiter RJ. Essential actions of
melatonin in protecting the ovary from
oxidative damage. Theriogenology.
(2014), 82(7):925-32.

[26] M. Oxidative
Stress and Polycystic Ovary Syndrome:
A Brief Review. Int J Prev Med. 2019
May 17;10:86. doi: 10.4103/ijpvm.
[JPVM 576 17. PMID: 31198521;
PMCID: PMC6547785.

[27] Murri M, Luque-Ramirez M,

Mohammadi

Insenser M, Ojeda-Ojeda M, Esco-
bar-Morreale HF. Circulating markers
of oxidative stress and polycystic ova-
ry syndrome (PCOS): a systematic re-
view and meta-analysis. Hum Reprod
Update. 2013 May-Jun;19(3):268-88.
doi: 10.1093/humupd/dms059. Epub
2013 Jan 9. PMID: 23303572.

[28] Yong W, Ma H, Na M, Gao T,
Zhang Y, Hao L, Yu H, Yang H, Deng
X. Roles of melatonin in the field of
reproductive medicine. Biomed Phar-
macother. (2021). 144:112001. doi:
10.1016/j.biopha.2021.112001. Epub
2021 Oct 6. PMID: 34624677.

[29] Colares JR, Hartmann RM,
Schemitt EG, Fonseca SRB, Brasil
MS, Picada JN, Dias AS, Bueno AF,
Marroni CA, Marroni NP. (2022). Mel-
atonin prevents oxidative stress, in-
flammatory activity, and DNA damage
in cirrhotic rats. World J Gastroenterol.
21;28(3):348-364. doi: 10.3748/wjg.
v28.13.348. PMID: 35110954; PM-
CID: PMC8771613.

[30] Aranarochana A, Sirichoat
A, Pannangrong W, Wigmore P, Wel-
bat JU. Melatonin Ameliorates Val-
proic  Acid-Induced Neurogenesis
Impairment: The Role of Oxidative
Stress in Adult Rats. Oxid Med Cell



Association of melatonin in women

with polycystic ovary syndrome ................ Mahabad H Rasoul , Faiza N Tomma , Saleh M Rahim J { 296

Longev. (2021). 12;2021:9997582.
doi: 10.1155/2021/9997582. PMID:
34804374; PMCID: PMC8604576.

[31] Saadia Z. Follicle Stimulating
Hormone (LH: FSH) Ratio in Polycys-
tic Ovary Syndrome (PCOS) - Obese
vs. Non- Obese Women. Med Arch.
2020 Aug;74(4):289-293. doi: 10.5455/
medarh.2020.74.289-293. PMID:
33041447; PMCID: PMC7520057.

[32] Mojaverrostami S, Asghari
N, Khamisabadi M, Heidar1 Khoei
H. The role of melatonin in poly-
cystic ovary syndrome: A review.
Int J Reprod Biomed. 2019 Dec
30;17(12):865-882. doi: 10.18502/
jrm.v17112.5789. PMID: 31970309;
PMCID: PMC6943797.

[33] Chandrasekaran P and Wei-
skirchen R. The Role of Obesity in
Type 2 Diabetes Mellitus—An Over-
view. International Journal of Molec-
ular Sciences (2024). 25, no. 3: 1882.
https://doi.org/10.3390/ijms25031882

[34] Klein S, Gastaldelli A,
Yki-Jarvinen H, Scherer PE. Why does
obesity cause diabetes? Cell Metab.
(2022). 4;34(1):11-20. doi: 10.1016/.
cmet.2021.12.012. PMID: 34986330;
PMCID: PMC8740746.

[35] Zehravi M, Magbool M, Ara
I. Polycystic ovary syndrome and re-
productive health of women: a curi-
ous association. Int J Adolesc Med
Health. 2021 Apr 21;33(6):333-337.
doi: 10.1515/1jamh-2021-0031. PMID:
33878255.

[36] Nordio M, Conte D, Romanel-
I1 F, Isidori A. The role of the pineal
gland in the regulation of the hypothal-
amo-pituitary-testicular axis. Androlo-
gie 1991; 1:51-2.

[37] Pai SA, Majumdar AS. Protec-
tive effects of melatonin against met-
abolic and reproductive disturbances
in polycystic ovary syndrome in rats. J
Pharm Pharmacol. 2014;66(12):1710—
1721



