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Abstract
Purpose  One of the causes of infertility is circadian rhythm disorders. This study aimed to investigate Clock 3111 T/C and 
Period3 VNTR (variable number tandem repeat) gene polymorphisms and these gene proteins, some biochemical parameters, 
and circadian rhythm hormones in infertile women.
Methods  Thirty-five infertile women and thirty-one healthy fertile women were included. Blood samples were taken in the 
mid-luteal phase. DNAs obtained from peripheral blood were analyzed using polymerase chain reaction-restriction frag-
ment length polymorphism methods. Follicle-stimulating hormone, LH (luteinizing hormone), estradiol, prolactin, free 
triiodothyronine, fT4 (free thyroxine), thyroid-stimulating hormone, testosterone, cortisol, progesterone, prolactin, ferritin, 
vitamin B12, and folate levels in serum samples were determined by the electrochemiluminescence immunoassay method. 
Melatonin, Clock, and Period3 protein levels were determined with ELISA kits.
Results  There was a significant difference in the frequency of Period3 DD (Per34/4) genotype between the groups. The Clock 
protein level of the infertile group was higher than the fertile group. Clock protein levels of the fertile group were positively 
correlated with estradiol levels and negatively correlated with LH, prolactin, and fT4 levels. PER3 protein levels of the 
infertile group were negatively correlated with LH levels. Melatonin levels of the fertile group were positively correlated 
with progesterone levels and negatively correlated with cortisol levels. Melatonin levels of the infertile group were positively 
correlated with LH levels and negatively correlated with cortisol levels.
Conclusion  Per34/4 genotype may be an independent risk factor in infertile women. Different correlation results found in 
fertile and infertile women can form the basis for future studies.

Keywords  Clock 3111 T/C gene polymorphism · Period3 VNTR gene polymorphism · Melatonin · Infertility · Circadian 
rhythm

Introduction

Infertility is a growing health problem in industrialized 
countries. A better understanding of infertility at the molec-
ular level may be significant for the development of new 
treatments for this disease. One of the causes of infertility 
is circadian rhythm disorders [1]. It is well known that the 
circadian rhythm is of great importance for human physiol-
ogy and that sleep, a significant component of this rhythm, is 
mainly related to female fertility. Circadian rhythm disorders 
such as short sleep duration are associated with infertility 
and recurrent pregnancy losses [2].

Circadian rhythms are endogenously produced cycles 
with a period of approximately 24 h that include physio-
logical variables such as hormone levels, sleep, body tem-
perature, blood pressure, and metabolism. Human circadian 
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clocks are controlled by a set of functionally linked clock 
genes, and variations in circadian rhythms can be associated 
with clock gene polymorphisms [3]. The molecular clock, a 
group of proteins that work in concert to create a transcrip-
tional-translational feedback loop, controls the circadian 
rhythm. A significant transcription factor of this feedback 
loop is the Clock protein. The Clock 3111 T/C single-nucleo-
tide polymorphism (SNP) is a genetic variation of the Clock 
gene [4]. Mutations or polymorphisms in the Clock gene 
may be associated with circadian rhythm disorders [5]. It has 
also been suggested that the variable number tandem repeat 
(VNTR) in Period3 (PER3) is associated with the circadian 
rhythm sleep disorder [3]. In addition, circadian rhythm gene 
disorders are likely to be important in the development of 
cancer and various other diseases [6].

The most accurate indicator of internal time in low ambi-
ent light conditions is the circadian cycle of endogenous 
melatonin. The endogenous circadian component of the 
sleepiness rhythm and the endogenous melatonin rhythm 
are closely related [7]. On the other hand, melatonin and 
its agonists have chronobiotic effects. So they can recali-
brate the circadian system. Melatonin and its agonists help 
treat circadian rhythm disorders [8]. The use of melatonin 
as a chronobiotic drug in the treatment of synchronization 
and circadian disorders in humans and the success of these 
treatments underline the important role of melatonin in the 
synchronization of the circadian system [9].

The rhythmic release of melatonin begins during puberty. 
Rhythmic release continues throughout the life of the fer-
tile woman by regulating ovarian functions. In addition, 
melatonin improves egg quality and the success of in vitro 
fertilization treatment [10]. Additionally, melatonin sup-
plementation (dose dependent) has an effect on theca cell 
steroidogenesis [11].

Circadian rhythm disorders are one of the causes of infer-
tility. Circadian rhythm disorders are associated with Clock 
3111 T/C SNP and PER3 VNTR gene polymorphisms. Clock 
3111 T/C SNP and PER3 VNTR gene polymorphisms were 
included in the study because of their association with circa-
dian rhythm disorders. In addition, melatonin can reorganize 
the circadian system. This study was aimed to investigate 
the effects of Clock 3111 T/C SNP and PER3 VNTR gene 
polymorphisms and protein levels, and melatonin levels on 
infertility in women.

Materials and methods

Ethical approval statement

The study was initiated with the approval of the Ethics 
Committee of Health Sciences University Samsun Training 
and Research Hospital Clinical Research Ethics Committee 

dated 05/01/2020 and numbered 2020/5/5. Each volunteer 
participating in the study was informed about the study and 
the consent form was read and signed and included in the 
study.

Study design

The type of study was a single-center and case–control 
study. Thirty-five women, who were followed up with the 
diagnosis of infertility at Health Sciences University Sam-
sun Training and Research Hospital, Department of Medical 
Genetics, were included in the infertile group. Individuals 
in this group were determined according to specific criteria. 
These criteria are as follows: not getting pregnant despite 
having regular sexual intercourse for at least 1 year, between 
the ages of 18–40, having regular menstrual cycles, hav-
ing both tubes open in Hystero-Salpingo X-ray, having both 
ovaries intact, and having no other health problems other 
than infertility diagnosis. In addition, blood samples were 
taken from individuals in this group before undergoing any 
infertility treatment.

Thirty-one women aged 18–40 years, without any health 
problems, and with at least one live birth were included in 
the control group.

Blood samples of the control and infertile groups were 
taken in the mid-luteal phase (on the 3rd day of the men-
strual cycle) in the morning fasting condition. Blood sam-
ples were placed in tubes with and without anticoagulant. 
DNA isolation was performed for genotyping by following 
the kit protocol and salt precipitation method with blood 
samples taken into tubes with anticoagulant. Blood samples 
taken into tubes without anticoagulant were kept in the labo-
ratory for 20 min and coagulated. It was then centrifuged at 
1550 × g at + 4 °C for 10 min, and serum samples were col-
lected. Serum samples were placed in Eppendorf and kept 
in the freezer at – 20 °C until the day of analysis. Clock 
and PER3 protein and melatonin levels were measured from 
serum samples. In addition, iron, unsaturated iron binding 
capacity (UIBC), ferritin, vitamin B12, folate, estradiol (E2), 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), testosterone, progesterone, prolactin, free T3 (fT3), 
free T4 (fT4) thyroid-stimulating hormone (TSH), and cor-
tisol levels were also measured.

Genotyping

Clock 3111 T/C SNP gene

Venous blood samples (~ 7 mL) were collected in tubes 
with ethylene di amine tetra acetic acid. Genomic DNA was 
extracted from leukocytes using a QIAamp DNA Blood Kit 
(Qiagen, Valencia, CA, USA). The Clock 3111 T/C gene pol-
ymorphism (rs1801260) was genotyped using polymerase 
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chain reaction-restriction fragment length polymorphism 
(PCR–RFLP) analysis. PCR–RFLP analysis of Clock 
3111 T/C gen polymorphism is given in Table 1. Ten micro-
liters of successfully amplified PCR product was digested 
with the restriction enzyme Bsp1286I (New England Bio-
labs, Beverly, MA) at 37 °C for 5 h, and the resulting frag-
ments were visualized on a 2% agarose gel under ultraviolet 
light after ethidium bromide staining. The Bsp1286I enzyme 
cleaves the PCR product (221 bp) in two fragments (126 and 
95 bp) in the presence of the C allele [12].

PER3 VNTR gen

PCR primer pairs (forward primer: 5’-TGT​CTT​TTC​ATG​
TGC​CCT​TACTT-3’; reverse primer: 5’-TGT​CTG​GCA​TTG​
GAG​TTT​GA-3’) were synthesized and purified by Sangon 
Inc. (Shanghai, China). Each 10 μL PCR reaction mixture 
contained 150 ng genomic DNA, 5 pM of each primer, and 
2 × PCR mix buffer (Tiangen Biotech, Beijing, China). PCR 
methods of Per3 (VNTR) gen polymorphism is given in 
Table 1. The amplified products were analyzed by 2.5% aga-
rose gel electrophoresis. A 401-bp fragment was amplified 
of the PER3 VNTR five repeat alleles. A 347-bp fragment 
was amplified from the PER3 VNTR four repeat alleles. Two 
bands of different sizes indicated heterozygote individuals. 
Genotype results were verified by direct sequencing [13].

Analysis of Clock and PER3 proteins, and melatonin level

The serum Clock protein level was determined using the 
Human Clock Homolog enzyme-linked immunosorb-
ent assay (ELISA) kit (Bioassay Technology Laboratory 
(BT-Lab), Cat. No E7330Hu, Jiaxing, Zhejiang Prov-
ince China). Serum PER3 protein level was determined 
using the Human Period Protein 3 ELISA kit (BT-Lab, 
Cat. No E7346Hu, Jiaxing, Zhejiang Province China). 
Serum melatonin level was determined using the Human 
Melatonin ELISA assay kit (BT-Lab, Jiaxing, Cat. No 
E1013Hu Jiaxing, Zhejiang Province China). The ELISA 
test was performed according to the method reported by 

the manufacturer. ELISA tests were performed according 
to the methods reported by the manufacturer. These ana-
lyzes were performed on the Tecan Infinite F50 instrument 
(Fornax Technologies, Breitscheid, Germany).

Other variables

Iron, UIBC, ferritin, vitamin B12, folate, E2, FSH, LH, 
testosterone, progesterone, prolactin, fT3, fT4, and TSH 
levels were analyzed in Health Sciences University Sam-
sun Training and Research Hospital Biochemistry labora-
tory. These analyses were performed on a Roche Cobas 
8000 autoanalyzer (Roche Diagnostics, Mannheim, Ger-
many) according to the electrochemiluminescence immu-
noassay method using commercial kits (FSH; Lot No: 
51926400, LH; Lot No: 48094900, E2; Lot No: 53910800, 
Prolactin; Lot No: 52654800, fT3; Lot No: 5743800, fT4; 
Lot No: 57294100, TSH; Lot No: 57176500, Testosterone; 
Lot No: 52096100, Cortisol; Lot No: 52794900, Progester-
one; Lot No: 5299700, Prolactin; Lot No: 52654800, Fer-
ritin; Lot No: 56820600, vitamin B12; Lot No: 56721412, 
Folate; Lot No: 52690940).

Statistical methods

Data analysis was performed using the Statistical Package for 
the Social Sciences 22 for Windows (IBM, New York, USA). 
Continuous variables were expressed as mean and standard 
deviation values. Categorical variables were expressed as per-
cent frequency. p < 0.05 was considered significant. The nor-
mal distribution of the data was evaluated with Shapiro–Wilk 
normality tests. Continuous variables of normally distributed 
groups were compared with the independent sample t-test, 
which is a parametric test. Pearson correlation analysis was 
performed to see the relationship between protein levels and 
other parameters analyzed. Categorical variable data of PER3 
VNTR and Clock 3111 T/C gene polymorphisms were 
compared with the chi-square analysis test.

Table 1   Investigation of polymorphisms of Per3 (VNTR) and Clock 3111 T/C by PCR and RFLP methods

Sec second, min minute, F forward, R reverse, PD pre-denaturation, D denaturation, A annealing, E extension

Gene polymorphism PCR condition (temperature, °C) Primers Method

Per3 (VNTR) PD: 95 °C. 5 min, D: 94 °C 45 s F: 5‟-GGA ACC CAT TGC CCG AGC-3” PCR
A: 60 °C 45 s, 72 °C 45 s (35 cycle) R: 5‟-GGT GAG GAT TGC ATT AGG TC-3”
E: 72 °C 5 min

Clock 3111 T/C PD: 95 °C 5 min, 94 °C 45 s F: 5‟-GCT CCA ATG TAC GGG GTA AAC-3” RFLP
A: 60 °C 45 s, 72 °C 45 s (35 cycle) R: 5‟-GGG GAC TGA CTT GAG TGA CCT-3”
E: 72 °C 5 min
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Results

Descriptive information

The mean age of the control group included in the study was 
30.79 ± 3.80, while the mean age of the infertile group was 
26.54 ± 2.38 years. The mean and standard deviation val-
ues of sex hormones, circadian rhythm hormones, circadian 
rhythm proteins, and some biochemical parameters of the 
groups are presented in Table 2.

Sex hormones

E2, FSH, and LH hormone levels of the infertile group were 
found to be significantly lower than the E2, FSH, and LH 
hormone levels of the control group (Table 2).

Circadian rhythm hormones

There was no significant difference between the infertile 
group and the control group in terms of melatonin and other 
circadian rhythm hormone levels (Table 2).

Clock and PER3 proteins

While there was no significant difference in the PER3 pro-
tein levels of the infertile group and the control group, the 
Clock protein levels of the infertile group were found to be 
significantly higher than the Clock protein levels of the con-
trol group (Table 2).

Biochemical parameters

The iron levels of the infertile group were significantly lower 
than the control group, and the folate levels of the infer-
tile group were significantly higher than the control group 
(Table 2).

Correlation analysis

The correlation of Clock and PER3 proteins and mela-
tonin levels with other examined parameters was analyzed 
(Table 3). Table 3, which includes the parameters that gave 
significant results according to the correlation analysis, was 
made.

There was a positive correlation between Clock protein 
levels and E2 levels, and a negative correlation between LH, 
prolactin, and fT4 levels in the control group (p < 0.05). 
However, there was no significant relationship between 
Clock protein levels and all analyzed parameters in the infer-
tile group (p > 0.05).

There was no significant correlation between PER3 
protein levels and all analyzed parameters in the control 
group (P > 0.05). However, there was a negative correlation 
between PER3 protein levels and LH levels in the infertile 
group (p < 0.05).

There was a negative correlation between melatonin lev-
els and cortisol levels, and a positive correlation between 
progesterone levels in the control group (p < 0.05). There 
was a negative correlation between melatonin levels and 
cortisol levels, and a positive correlation between LH levels 
in the infertile group (p < 0.05).

Gene polymorphism

Gene polymorphism, genotype, and allele distributions of 
the groups are given in Table 4. The PER3 VNTR genotypes 
were typically shown by 2.5% of agarose gel electrophoresis 
from PCR products. PER3 VNTR was amplified from five 
repeat alleles. A 347-bp fragment was amplified from the 
PER3 VNTR four repeat allele. Two bands of different sizes 
indicated heterozygous individuals (Fig. 1).

The Clock 3111 T/C genotypes were typically shown by 
2% agarose gel electrophoresis from PCR products. The 

Table 2   Mean and standard deviation values of sex hormones, cir-
cadian rhythm hormones, circadian rhythm proteins, and some bio-
chemical parameters of the groups

Parameters Control 
(n = 31)

Infertile 
(n = 35)

p

Sex hormones
  Estradiol (pg/mL) 162.57 ± 104.03 63.90 ± 24.71  < 0.001
  FSH (mIU/mL) 12.48 ± 4.39 3.83 ± 1.79  < 0.01
  LH (mIU/mL) 48.98 ± 16.32 5.71 ± 2.40  < 0.001
  Progesterone (ng/mL) 3.56 ± 2.06 5.60 ± 3.47  > 0.05
  Testosterone (ng/mL) 17.90 ± 11.26 28.75 ± 14.32  > 0.05
  Prolactin (ng/mL) 13.29 ± 4.27 15.30 ± 3.67  > 0.05

Circadian rhythm hormones
  Melatonin (ng/L) 42.45 ± 4.31 34.25 ± 4.87  > 0.05
  Cortisol (μg/dL) 11.69 ± 6.07 10.27 ± 4.28  > 0.05
  TSH (mIU/mL) 2.49 ± 0.81 2.93 ± 0.58  > 0.05
  fT3(pg/mL) 3.21 ± 0.59 3.61 ± 0.59  > 0.05
  fT4 (ng/mL) 1.54 ± 0.22 1.64 ± 0.23  > 0.05

Circadian rhythm proteins
  Period 3 (ng/L) 840.35 ± 99.88 647.43 ± 106.37  > 0.05
  Clock (ng/L) 46.29 ± 7.31 184.44 ± 18.04  < 0.001

Biochemical parameters
  Iron (mg/dL) 86.38 ± 4.47 43.83 ± 4.50  < 0.01
  UIBC (μg/dL) 265.83 ± 9.10 291.46 ± 19.32  > 0.05
  Ferritin (μg/L) 32.55 ± 5.00 24.21 ± 3.92  > 0.05
  Vitamin B12 (ng/L) 253.54 ± 17.91 356.58 ± 35.27  > 0.05
  Folate (mg/L) 7.59 ± 0.93 12.52 ± 1.15  < 0.01
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Bsp1286I enzyme cleaves the PCR product (221 bp) into 
two fragments (126 and 95 bp) in the presence of the C allele 
(Figs. 2 and 3).

PER3 VNTR

The genotype distributions of the control and infertile groups 
were found to be in accordance with the Hardy–Weinberg 
equilibrium (HWE). According to the results of the com-
parison of genotype and allele frequencies of the control 
and infertile groups, a significant difference was found in the 
frequency of DD (PER34/4) genotype (Table 4).

Clock 3111 T/C

Since there was no CC homozygous genotype in both 
groups, concordance analysis of genotype distribution with 
HWE could not be performed. According to the results of 
the comparison of genotype and allele frequencies of the 

Table 3   Correlation of Clock 
and PER3 proteins and 
melatonin levels with other 
parameters

Cc correlation coefficient

Control (n = 31)
E2 LH Cortisol Progesterone Prolactin fT4

Melatonin Cc 0.194  − 0.044  − 0.972 0.453  − 0.175 0.039
P  > 0.05  > 0.05  < 0.001  < 0.05  > 0.05  > 0.05

PER3 Cc 0.185  − 0.289  − 0.015 0.439  − 0.347  − 0.288
P  > 0.05  > 0.05  > 0.05  > 0.05  > 0.05  > 0.05

Clock Cc 0.536  − 0.483 0.231  − 0.262  − 0.449  − 0.483
P  < 0.05  < 0.05  > 0.05  > 0.05  < 0.05  < 0.05

Infertile (n = 35)
E2 LH Cortisol Progesterone Prolactin fT4

Melatonin Cc 0.062 0.450  − 0.797  − 0.130  − 0.007 0.190
P  > 0.05  < 0.05  < 0.001  > 0.05  > 0.05  > 0.05

PER3 Cc  − 0.115  − 0.448 0.421 0.107  − 0.319  − 0.152
P  > 0.05  < 0.05  > 0.05  > 0.05  > 0.05  > 0.05

Clock Cc 0.017  − 0.253 0.363  − 0.242 0.016 0.207
P  > 0.05  > 0.05  > 0.05  > 0.05  > 0.05  > 0.05

Table 4   Genotype and allele distributions of PER3 and Clock 
3111 T/C gene polymorphisms

Polymorphism Control (n = 31) Infertile (n = 35) p
PER3 VNTR HWE p = 0.96 HWE p = 0.06

Genotype, n (%)
  DD (PER34/4) 5 (16.13) 14 (40.00)  < 0.05
  ID (PER34/5) 14 (45.16) 10 (28.57)  > 0.05
  II (PER35/5) 12 (38.71) 11 (31.43)  > 0.05
  II: ID + DD 12:19 11:24  > 0.05

Allele, n (%)
  I 38 (61.29) 32 (45.71)  > 0.05
  D 24 (38.71) 38 (54.29)
  Clock 3111 T/C

Genotype, n (%)
  TT 31 (100.00) 33 (94.29)  > 0.05
  TC 0 (0) 2 (5.71)  > 0.05
  CC 0 (0) 0  > 0.05
  TT: TC + CC 31:00:00 33:02:00  > 0.05

Allele, n (%)
  T 62 (100) 68 (95.00)  > 0.05
  C 0 (0) 2 (5.00)

PER3 VNTR/Clock 3111 T/C, n (%)
  II/TT 12 (38.71) 10 (28.57)  > 0.05
  ID/TT 14 (45.16) 10 (28.57)  > 0.05
  DD/TT 5 (16.13) 13 (37.14)  > 0.05
  II/TC 0 (0) 1 (2.86)  > 0.05
  DD/TC 0 (0) 1 (2.86)  > 0.05

Fig. 1   PER3 (VNTR) gen polymorphisms 401-bp fragment
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control and infertile groups, no statistically significant dif-
ference was found between the groups (Table 4).

PER3 VNTR /Clock 3111 T/C

No statistically significant difference was found in terms of 
PER3 VNTR /Clock 3111 T/C composite genotype frequen-
cies of the control and infertile groups (Table 4).

Discussion

Reproduction is a significant biological function that 
requires precise synchronization with annual and daily cues 
to cope with environmental fluctuations. Industrialization 
and the modern 24/7 human lifestyle have brought harmful 
changes in their natural habitats and life rhythms in the last 

century. Shift work, endocrine-disrupting chemicals, and 
indecent exposure to excessive amounts of artificial light 
threaten the integrity of biological functions daily and sea-
sonal timing [14]. In addition, the abnormal circadian clock 
caused by sleep habits and unhealthy diets in modern life 
has caused a partial decrease in female fertility. Abnormal 
circadian rhythm contributes to female reproductive system 
disorders [15].

Physiologically, the female reproductive system is gov-
erned in a time-dependent manner by the hypothalamic-
pituitary–gonadal axis. The increase in FSH levels in the 
early phase of the menstrual cycle activates estrogen, which 
in turn stimulates LH secretion. About 36 to 40 h after LH 
levels rise mid-cycle, the dominant follicle releases an 
oocyte, and all hormones return to baseline levels [15]. Both 
FSH and beta-estradiol levels predict reproductive poten-
tial regardless of age [16]. In this study, it was determined 
that the FSH, LH, and E2 levels of the infertile group were 
lower than the fertile group in blood samples taken in the 
mid-luteal phase.

Circadian clock controls 24-h oscillations in physiology, 
gene expression, and behavior. Clock proteins (Period and 
Clock) play a significant role in the subnuclear rearrange-
ment of core clock genes to control circadian rhythms [17]. 
Clock, one of these clock proteins, regulates daily rhyth-
micity in the binding of BRAHMA, a chromatin remodeler, 
to deoxyribonucleic acid (DNA) spanning clock-controlled 
genes to facilitate their rhythmic gene expression cycles 
[18]. In this study, no significant difference was found 
between fertile and infertile women’s PER3 protein levels. 
While there was a negative correlation between PER3 pro-
tein levels and LH levels in infertile women, this correlation 
was not found in fertile women. On the other hand, infertile 
women had higher Clock protein levels than fertile women. 
In addition, Clock protein levels were positively correlated 
with E2 and negatively correlated with LH, prolactin, and 
fT4 levels in fertile women. However, these correlations 
were not found in infertile women. Additionally, although 
some correlations were found, there may be more than one 
cause, and this study is only one of the first steps in this area.

Circadian release of the hormone melatonin is regulated 
by the suprachiasmatic nucleus, which feeds back into the 
nucleus to modulate sleep and the circadian phase. Mela-
tonin has attracted attention as a potential treatment for cir-
cadian rhythm sleep disorders due to the sleep and circadian 
rhythm regulatory role of the suprachiasmatic nucleus [19]. 
Melatonin has been shown to improve sleep and correct cir-
cadian rhythm disturbance. The effectiveness of melatonin 
in the treatment of circadian rhythm disorders depends on 
the time of administration of melatonin supplementation. 
Measuring the endogenous melatonin rhythm is recom-
mended for best results [20]. The effect of melatonin sup-
plementation has been demonstrated in humans, particularly 

Fig. 2   Clock 3111 T/C gen polymorphisms 126-bp fragment

Fig. 3   Clock 3111 T/C gen polymorphisms 95-bp fragment



1115Journal of Assisted Reproduction and Genetics (2023) 40:1109–1116	

1 3

in disorders associated with reduced melatonin rhythms 
[21]. In addition, melatonin can be considered necessary 
for both folliculogenesis and spermatogenesis [22]. Moreo-
ver, melatonin increases LH receptor immunoreactivity in 
both theca and granulosa cells [23]. In this study, no differ-
ence was found between the melatonin levels of fertile and 
infertile women. Melatonin levels measured from morning 
blood samples from fertile and infertile women were also 
within the reference range. The reference range for serum 
melatonin in healthy women is 19.0–197 pg/mL at 3:00 am, 
in near complete darkness, and 3.30–93.2 pg/mL at 8:00 am 
[24]. On the other hand, melatonin levels were negatively 
correlated with cortisol in both fertile and infertile women. 
Additionally, melatonin levels were positively correlated 
with progesterone levels in fertile women, while melatonin 
levels were positively correlated with LH levels in infertile 
women, whereas LH levels are significantly reduced in rats 
given melatonin supplements [25]. In addition, melatonin 
supplementation contributes to luteinization for progester-
one production during ovulation [26].

The mammalian circadian clock includes feedback (nega-
tive) and feed-forward (positive) cycles involving transcrip-
tion, translation, and post-translational events [27]. The 
clock genes Clock, Bmal1, Rev-Erbα, Period, and Cryp-
tochrome, which are transcription factors, play a role in 
these mechanisms [28]. Mutation of these genes disrupts 
the circadian rhythm, and at the same time, errors occur in 
the reproductive system, fertility, and pregnancy processes 
[29]. The main role of PER3 is to regulate sleep/wake tim-
ing and sleep homeostasis [30]. A length polymorphism in 
PER3 is associated with delayed sleep-phase disorder [31]. 
This length polymorphism is due to VNTR (4 or 5 repeats) 
in PER3. The shorter 4 alleles are strongly associated with 
delayed sleep-phase disorder [32]. In this study, the DD 
(PER34/4) genotype frequency of infertile women was higher 
than the DD (PER34/4) genotype frequency of fertile women.

The Clock gene is the central regulator of the circadian 
rhythm. The Clock and Arntl genes represent the central 
node that creates a positive loop and heterodimerizes and 
initiates the transcription of other clock genes. In addition, 
Clock gene polymorphism has a potential relationship with 
idiopathic recurrent spontaneous abortion [33]. High rates 
of fetal loss or offspring with an abnormal phenotype have 
been observed in female mice in which the Clock gene has 
been deleted. It was also stated that in these gene dele-
tions, the circadian rhythms of the mice were disrupted by 
behavioral rhythm and locomotor activity experiments [34]. 
There was a significant relationship between the irregular 
menstrual cycle and Clock gene polymorphism [12]. In this 
study, since CC homozygous genotype was not found in 
both fertile and infertile women, there was no significant 
difference between the genotype and allele frequencies of 
the fertile and infertile women.

Conclusion

E2, LH, and FSH hormone levels of infertile women were 
lower than those of the fertile group. Clock protein lev-
els of infertile women were higher than those of fertile 
women. Clock protein levels of fertile women were posi-
tively correlated with E2 levels and negatively correlated 
with LH, prolactin, and fT4 levels. However, Clock protein 
levels of infertile women were not correlated with these 
parameters. There was no difference between PER3 protein 
and melatonin levels of fertile and infertile women. While 
PER3 protein levels of infertile women were negatively 
correlated with LH levels, no such correlation was found 
in fertile women. On the other hand, melatonin levels were 
negatively correlated with cortisol in both fertile and infer-
tile women. In addition, melatonin levels were positively 
correlated with progesterone levels in fertile women, while 
melatonin levels were positively correlated with LH levels 
in infertile women. Iron levels of infertile women were 
lower than those of fertile women. The folate levels of 
infertile women were higher than those of fertile women.

The frequency of DD (PER34/4) genotype of infertile 
women was higher than the frequency of fertile women. 
There were no significant differences in the frequencies of 
other genotypes and alleles of PER3 VNTR, and the frequen-
cies of Clock 3111 T/C genotypes and alleles in fertile and 
infertile women. In addition, no statistically significant dif-
ference was found in terms of composite genotype frequen-
cies of PER3 VNTR/Clock 3111 T/C gene polymorphisms.

Data Availability  The data in the current study are available from the 
corresponding author on reasonable request.
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