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INTRODUCTION

Implantation is the first step in human repro-
duction [1]. Considering the rate of natural con-
ception, it seems that the chance of conception
in one menstrual cycle is quite low and reaches
30%. This means that two-thirds of potential
natural conceptions are lost due to implantation
failure [2]. Similar observations are also made in
the context of in vitro fertilization and embryo
transfer (IVF-ET) treatment. The probability of
implantation failure is approximately 70%, as
deduced from the fact that the implantation
rate per embryo transfer is 30% [3]. Acknowl-
edging these data, although failure of implanta-
tion may result in a pathological condition, it is
also, from an evolutionary point of view, a phys-
iological “barrier” leading to the establishment
of a full-term pregnancy.

However, there is a special category of infer-
tile patients who have an abnormally increased
proportion of consecutive implantation failures
in the context of IVF-ET treatment, despite the
transfer of high-quality embryos. This phenom-
enon is known as repeated or recurrent implan-
tation failure (RIF) and affects approximately
10-15% of women undergoing treatment in
IVF-ET cycles worldwide [4]. The Preimplanta-
tion Genetic Diagnosis Consortium of the Eu-
ropean Society of Human Reproduction and
Embryology (ESHRE) defined RIF as when more
than three quality embryos or ten embryos in
several transfer cycles are performed without
achieving a clinical pregnancy [5]. According to
the latest ESHRE 2023 guidelines, RIF describes
a scenario in which the transfer of embryos
considered viable does not result in a positive
pregnancy test in a particular patient frequently
enough to warrant consideration of further in-
vestigations and/or interventions [6].

RIF is a multifactorial condition [1, 3, 7]. One of
the important factors is the changed morpho-
functional state of the endometrium and chro-
nodestruction in the woman's body.

Development of the endometrium is a cycli-
cal event strictly regulated by hormones and
factors. Molecular perturbations of the circadi-
an clock by external cues (eg, light pollution) or
other environmental processes that affect the
oscillations of the internal biological clock are
deeply associated with low implantation rates,
pregnancy disorders, higher incidence of men-

REPEATED IMPLANTATION FAILURES

strual irregularities, infertility, and miscarriages
in women. These phenomena are often accom-
panied by a decrease in the level of melatonin
(MT) and its receptors in the normal tissue of the
uterus and placenta [8].

MT (N-acetyl-5-methoxytryptamine) is a lipo-
philic indolamine neurohormone derived from
the essential amino acid tryptophan. Circulat-
ing melatonin exhibits a circadian rhythm with
highest levels at night, moderate levels in the
morning, and much lower levels in the after-
noon. Exposure to light can reduce the duration
of MT secretion and the subsequent level of MT
in the blood. Thus, MT can be a key biological
mediator of chronodestruction [9].

Normally, MT is synthesized and secreted pri-
marily in the pineal gland in response to dark-
ness, acting as a neuroendocrine converter of
photoperiodicinformation during the night[10].
MT is also produced in the mitochondria of all
other cells of the human body in a non-circa-
dian way, so the level of MT in mitochondria is
approximately 100 times higher than in plas-
ma [11]. It is produced in reproductive organs
such as ovaries, testicles, uterus, and placenta.
The amount synthesized by the pineal gland
is less than 5% of the total amount of MT [12].
Therefore, MT is probably best defined today as
a pineal gland hormone and a biologically ac-
tive amine with cellular targets near the site of
its synthesis in some tissues [13].

Among all species, both animals and plants,
the chemical structure of MT remains un-
changed, and its action becomes more and
more diverse. The diverse functionality of MT
can be attributed to its evolutionary history of
two to three billion years, during which it had
enough time to develop complex interactions
with other molecules [14]. These interactions
allowed MT to exhibit an extremely wide range
of functions, as shown in all species [14, 15, 16].

MT has demonstrated an antioxidant function
and a key role as a regulator of physiological
processes related to human reproduction. MT
has been reported to control the expression of
genes related to oocyte maturation, including
mitochondrial function, antioxidant enzymes,
apoptosis, cumulus cell expansion, and oocyte
maturation factors [17]. In addition, it is involved
in epigenetic mechanisms, such as DNA meth-
ylation and histone acetylation [18]. MT partic-
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ipates in the normal course of pregnancy, starting with oocyte
quality, continuing with embryo implantation, and ending with
fetal development and delivery [10, 19-21].

New data prove that the disruption of circadian rhythm regu-
lation followed by a low level of circulating MT is associated with
a low implantation rate and difficulties in maintaining pregnan-
cy [8, 18, 19]. The key role of MT is determined by the fact that
the rhythms of its production are subject to all the endogenous
rhythms of the body. Exogenous introduction of MT reliably
increases endothelial oscillations, which reflects an increase in
the metabolic activity of the endothelium. This is probably due
to the stimulating effect of MT on the production of NO-syn-
thase by vascular endothelial cells, with subsequent increase
in NO production and vasodilation. MT acts as an antioxidant
and regulates ovarian function by binding to its receptors [12],
which is associated with a decrease in the number of molecules
such as cyclic adenosine monophosphate (cAMP) and cyclic
guanosine monophosphate (cGMP), as well as an increase in
phospholipase C (PLC) [23]. In addition, MT can directly chelate
reactive oxygen and nitrogen species, as well as mobilize an in-
tracellular antioxidant enzyme without its receptors [24].

A.A. Mosher et al. (2019) [25] recently showed that melatonin
receptors 1A (MTNRTA or MT1) and 1B (MTNR1B or MT2) are
expressed in eutopic human endometrium. MTNR1B has been
suggested to synergize with oxytocin to promote nocturnal
uterine contractions [26]; in late pregnancy, circulating mela-
tonin is fundamental for inducing the timing and extent of con-
tractions, and conversely, its acute suppression by light inhibits
myometrial contractions [27]. AANAT (aralkylamine-N-acetyl-
transferase) is the rate-limiting enzyme of MT synthesis [11]. In
an experiment on mice, it was proved that the uterine melato-
nergic systems AANAT and membrane MTNR1B are important
for endometrial receptivity and early implantation in mice [11].
Data on the status of melatonin metabolism in infertile women
with RIF are limited.

Objective of the study: to determine the characteristics of
melatonin metabolism in infertile women with RIF in IVF-ET cy-
cles.

MATERIALS AND METHODS

The study was conducted at the Department of Obstetrics
and Gynecology of the Odesa National Medical University (ON-
MedU), University Clinic “Center of Reconstructive and Restor-
ative Medicine” of ONMedU, LLC “Clinic of Reproductive Medi-
cine “Nadia Odesa™. The research was carried out for the period
from 2021 to 2023, was a fragment of the planned research top-
ic of the Department of Obstetrics and Gynecology of ONMedU
“Improving methods of prevention, diagnosis and treatment of
diseases reproductive system of a woman using the latest med-
ical technologies” (state registration number 0117U007494).
Study was approved by the ONMedU Commission on Bioethics
(protocol No. 2/21 dated 08.11.2021). Informed consent was ob-
tained from all patients.

103 women of reproductive age with infertility and RIF who
were treated in IVF-ET cycles were under observation.

Depending on the onset of pregnancy in the current cycle of
IVF-ET, the examined women were divided into 2 groups:
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e group A - 35 women with the onset of pregnancy;
e group B - 68 patients with no onset of pregnancy.

Criteria for the inclusion of patients with RIF in the study: in-
fertility associated with tubal or male factor; regular ovulatory
menstrual cycles; basal level of follicle stimulating hormone
< 11 mlU/ml; the number of antral follicles on the 3-5th day of
menstrual cycle from 7 to 12 in the maximum ultrasound sec-
tion of the ovaries; treatment of infertility by IVF-ET method;
presence of at least two euploid embryo transfers in the past;
absence of organic gynecological diseases, endocrine disor-
ders, functional vascular disorders (for example, arterial hyper-
tension) and genital endometriosis; absence of taking hormon-
al drugs during the last 6 months; no history of smoking.

Control group C consisted of 32 healthy fertile women.

Determination of the level of MT in blood serum, taken at 7-8
o'clock in the morning, was carried out by radioimmunoassay
using the Gammamaster analyzer and test systems (Pharma-
cia LKB Biotechnology AB, Sweden), LDN (Labor Diagnostika
Nord GmbH & Co.KG, Germany). Reference values of MT were
8.0-20.0 pg/ml.

The main metabolite of MT in urine 6-sulfatoxymelatonin
in urine (aMT6s) was determined by radioimmunoassay using
the IBL test system ELISA (Hamburg Germany). Determinations
were adjusted for kinetically measured urinary creatinine using
the Yaffe test [28], so results were expressed as ng/mg urinary
aMT6 (ng/mg Cr).

Statistical analysis of the results was performed using the
Microsoft Excel 2010 program. Quantitative variables were de-
scribed using the mean (M), standard error of the mean (£ SEM),
Student’s t-test. Values of p < 0.05 were considered statistical-
ly significant. Correlation and pairwise correlation-regression
analysis were used to study stochastic dependence between in-
dicators. For this, the correlation coefficient (r), approximation
coefficient (R?) and their probability were calculated.

RESULTS AND DISCUSSION

TheaverageageoftheexaminedwomeningroupAwas32.20+
0.61 years, in group B - 31.31 £ 0.40 years, in group C - 3245 +
0.59 years (p > 0.05); body mass index — 19.72 + 0.90 kg/m?
in group A and 21.94 + 0.45 kg/m? in group B versus 22.25 +
0.88 kg/m? in the group C (p > 0.05).

The duration of infertility in group A reached 9.26 + 0.30
years against 10.00 + 0.35 years in group B (p > 0.05); number of
IVF-ET - 4.51 £ 0.20 vs. 4.43 £ 0.14, respectively (p > 0.05). The
distribution of primary and secondary infertility in the groups
was homogeneous: in group A - 48.57/51.43%, in group B -
45.71/54.29% (p > 0.05). The average number of pregnancies in
the anamnesis was 0.71 + 0.08 and 1.00 + 0.14 (p > 0.05), re-
spectively.

The study of melatonin metabolism showed that the MT levels
in group A (11.38 £ 0.38 pg/ml) and in group B (9.55 + 0.27 pg/
ml) were lower than in group C (13.67 £ 0.65) in 1.20 (p < 0.01)
and 1.43 (p < 0.01) times, respectively. At the same time, the
level of MT in women with the onset of pregnancy in the cur-
rent IVF-ET cycle exceeded the MT value in the group of pa-
tients with no pregnancy by 1.19 times (p < 0.03). Excretion
of aMT6s in urine in group A (5.09 = 0.19 ng/ml Cr) and in
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group B (3.03 £0.09 ng/ml Cr) were lower thanin group C(6.12 +
0.21 ng/ml Cr) respectively in 1.20 (p < 0.01) and 2.02 (p < 0.01)
times. The amount of aMT6s in the urine of patients in group A
was 1.68 times higher than in group B (p < 0.01) (Fig. 1).

A direct relationship was established between the levels
of serum MT and urinary aMT6s, which was most adequately
approximated by a polynomial dependence: y = 0,0139x* -
0,1127x +3,2978,R*=0,2994,r=0,51, p < 0,01 (Fig. 2).

There is a “window” of endometrial receptivity, defined
as a limited period when the receptive state of the uterus
is synchronized with the activated state of the blastocyst,
which supports attachment. To achieve proper implantation,
evidence demonstrates that fine spatiotemporal tuning
between various growth factors, cytokines, lipid mediators,

and transcription factors mediated by steroid hormones is
essential for uterine preparation [21].

According to previous studies, MT stimulates the expression
of its own receptors, protein p53 and leukemia inhibitory
factor (LIF), activating signaling pathways involved in embryo
implantation [29]. At the molecular level, the MTNR1B
receptor is more active than MTNR1A during reproduction
and is upregulated. Increased MTNR1B expression promotes
p21 protein activation. This, in turn, induces p38-mediated
phosphorylation of p53, which modulates LIF expression, thus
promoting embryo implantation [15, 20].

It is assumed that MT contributes to blastocyst activation
and endometrial receptivity by modulating the expression of
hormones in the uterus [30]. On the one hand, it induces the
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Figure 1. Indicators of MT metabolism in the studied groups
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Figure 2. Correlation field, regression formula and coefficient of approximation of serum MT and urinary aMTés levels in women with repeated implantation failures
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expression of progesterone and progesterone receptor A on day
6 after fertilization, promoting endometrial luminal epithelium
differentiation, stromal cell proliferation, and decidualization.
On the other hand, MT reduces the secretion and activity of
estradiol to avoid premature uterine contractions. Estradiol is
likely produced and secreted by the blastocyst itself around
day 4, allowing the acquisition of implantation competence
necessary to initiate the implantation process [21].

Our study showed that women with RIF are characterized by
disruption of the internal circadian biological clock, which is
accompanied by a decrease in the level of MT in blood serum
and its main metabolite aMT6s in urine. Of course, the local
production of MT in the endometrium is extremely important
for the protection of cells and tissues from oxidative damage;
for this, mitochondria, as the main source of its synthesis, must
retain their function. It is documented that MT, acting as a
multifunctional agent, interacts with endometrial cells, has
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OBMIH MENTATOHIHY B BE3MIIHIX IHOK 13 TOBTOPHIMIA HEBAAYAMU IMMNTAHTALLT

0.M. HoceHko, 4. Mep. H., ipodecop kaeapu akyLuepCTBa Ta riHekonorii Oiecbkoro HalioHanbHOro MeAUuHoro yHisepcutery, M. Opeca

PA. Nlemupgunk, acnipaHT kadespu akyLIepcTBa Ta rikexonorii O1ecbKoro HawioHanbHOro MeyHoro yHisepcuTety, M. Opeca

06rpyHTyBaHHA. [oBTOPHA HEBAAYA IMNNAHTaLT clocTepiraeTbca Npu6M3HO B 10—15% XiHOK, AKi NPOXOAATH NiKYBAHHA Y LMKNaX 3anAiAHeHHA in vitroTa
embpiorpaxcdepy (IVF-ET). OnHuM i3 BXMBIX YAHHNKIB NPU LBOMY € 3MiHEHA MOPOOGYHKLIOHNbHMIA CTaH eHAOMETPIA Ta XDOHOAECTPYKLIA B OPraHi3Mi XIHKN.
MeTa gocnigeHHa: Bi3HauuTv 0co6aMBOCTi 00MiHy MenatowiHy (MT) y 6e3nnifHIX XIiHOK i3 NOBTOPHUMI HeBAaYaMM iMnnaHTaLi B Lnknax [VF-ET.

Martepian Ta metogu. Cnoctepexena oxonmioano 103 iHKu penpoayKTUBHOrO Biky 3 6e3MniAAAM Ta NOBTOPHUMY HeBAAUaMIA IMNNAHTALLTT, AKi MPOXOAMAN NiKyBAHHA
y uuknax IVF-ET. 3anexHo Big HacTaHHA BariTHOCTI y noTouHomy unkni IVE-ET xiHKi bynu po3gineti Ha 2 rpynit: rpyna A — 35 XIHOK 3 HACTaHHAM BriTHOCT], rpyna

b — 68 natlieHTox 6e3 HacTaHA BariTHoCT. 1o rpyny KoHTponio (rpyna K) yBiliLunu 32 310poBix depTunbHIX iHKi. Biu3Hauapcs piBeHb MT y cupoBaTLli Kpoi Ta
6-cynbdatokcumenatoriny (aMT6s) y ceui.

Pe3ynbraty. louatkosuii pigHerb MT y nauienTok rpynu A (11,38 + 0,38 nr/mn) i rpynu b (9,55 = 0,27 nr/mn) 6yB HUXUUM 32 aHNOrYHMiA NoKa3HUK B rpyni K
(13,67 0,65 nr/mn) BianosiaHo y 1,20 (p < 0,01) iy 1,43 (p < 0,01) pa3a. BogHouac piseHs MT y xiHok rpynu A nepeBiLLyBaB aHaNOMYHIIA Y NaLlieHTOK rpynin b

y 1,19 paza (p < 0,03). Ekckpeuia aMT6s y ceui 8 rpyni A (5,09 = 0,19 Hr/mn Kp) i 8 rpyni b (3,03 = 0,09 Hr/mn Kp) Gynut HKUMMY 3a aHanoriuHIiA NoKa3HuK y rpyni
K (6,12 0,21 Hr/mn Kp) BianosiaHo B 1,20 (p < 0,01) iy 2,02 (p < 0,01) pa3a. Kouentpatyia aMT6s y ceui y natientok rpynu A byna 6inblua 3a Lei nokasHuK y
rpyni b B 1,68 paa (p < 0,01). Mix piHAmy cupoBaTkosoro MT Ta cevoBoro aMT6s byno BcTaHoBAEHO NpAMUIE 38'A30K, AKIIA HaltbiNbLL aAeKBaTHO anpOKCAMYBaBCA
noniHomianbHoto 3anexictio: y = 0,0139x2 — 0,1127x + 3,2978, R2=0,2994,r=0,51, p<0,01.

BuctoBku. KiHkam i3 MOBTOPHUMIA HEBAYAMY IMANAHTaLl NpUTaMaHHe 3HYKeHHA piBHA MT y cupoBaTLli KpoBi Ta i#oro 0cHOBHOr0 MeTabonity aMT6s B ceui, Lo Moxe
OYTV OAHIM 3 KNIOUOBYX YHHINKIB IMMNHTALIViHOT HEAOCTATHOCTI.

KniouoBi cnioBa: 6e3nniaaa, NoBTOPHA HeBAAYA iIMMNAHTaLi, eHAOMETRIl, MeNaToHiH, 6-CynbhaTOKCUMENATOHIH.

MELATONIN EXCHANGE IN INFERTILE WOMEN WITH REPEATED IMPLANTATION FAILURES
0.M. Nosenko, MD, professor, Obstetrics and Gynecology Department No. 1, Odesa National Medical University, Odesa, Ukraine
R.Y. Demydchyk, PhD student, Department of Obstetrics and Gynecology, Odesa National Medical University, Odesa, Ukraine

Background. Repeated implantation failure occurs in approximately 10—15% of women undergoing in vitro fertilization and embryo transfer (IVF-ET) cycles. One of the
important factors is the changed morpho-functional state of the endometrium and chronodestruction in the woman’s body.

Objective of the study: to determine the characteristics of melatonin (MT) metabolism in infertile women with repeated implantation failures in IVF-ET cycles.

Material and methods. 103 women of reproductive age with infertility and repeated implantation failures who were treated in IVF-ET cycles were observed. Depending on
the onset of pregnancy in the current IVF-ET cycle, women were divided into 2 groups: group A — 35 women with the onset of pregnancy, group B — 68 patients without the
onset of pregnancy. The control group (group C) included 32 healthy fertile women. The MT level in blood serum and 6-sulfatoxymelatonin (aMT6s) in urine was determined.

Results. The initial levels of MT in patients of group A (11.38 + 0.38 pg/ml) and in group B (9.55 + 0.27 pg/ml) were lower than in group C (13.67 + 0.65 pg/ml) in 1.20
(p<0.01) and 1.43 (p < 0.01) times, respectively. At the same time, the level of MT in women of group A was 1.19 times higher than in the group B (p < 0.03). Excretion of
aMT6s in urine in group A (5.09 + 0.19 ng/ml Cr) and in group B (3.03 = 0.09 ng/ml Cr) were lower than in group C (6.12 % 0.21 ng/ml Cr) respectively in 1.20 (p < 0.01)
and 2.02 (p < 0.01) times. The aMTés concentration in urine in patients of group A was 1.68 times higher than in group B (p < 0.01). A direct relationship was established
between the levels of serum MT and urinary aMT6s, which was most adequately approximated by a polynomial dependence: y = 0.0139x2 — 0.1127x 4 3.2978,
R=0.2994,r=051,p < 001.

Conclusions. Women with repeated implantation failures are characterized by a decrease in the level of MT in blood serum and its main metabolite aMTés in urine, which
may be one of the key factors of implantation failure.

Keywords: infertility, repeated implantation failure, endometrium, melatonin, 6-sulfatoxymelatonin.
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