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= Hypothesis/aims of study. Melatonin is found in almost all living organisms, the range of its effects being quite diverse.
Effects of this hormone in the human body are realized via two ways, through specific receptors and non-receptor path-
ways. Melatonin may act through both membrane and nuclear receptors. In the present work, the expression of MTR1
and MTR2 melatonin receptors was studied in the eutopic endometrium and endometrioid heterotopies, and the level
of melatonin metabolite, 6-sulfatoxymelatonin, in daily urine in patients with genital endometriosis (GE) was analyzed.

Study design, materials and methods. The experimental group included 67 patients of reproductive age with a verified
diagnosis of GE, and the control group consisted of 18 individuals with an ovulatory menstrual cycle without gynecological
pathology. The 6-sulfatoxymelatonin level in daily urine was determined by enzyme immunoassay. The study of MTR1 and
MTR2 melatonin receptor expression in the endometrium and endometrioid heterotopies was performed in 24 patients
with GE and in 10 women of reproductive age who were examined for infertility who did not have gynecological pathology
based on diagnostic laparoscopy. To study the expression of melatonin receptors, the endometrium and endometrial
heterotopy sampling was carried out from day 18 to day 22 of the menstrual cycle. Morphological assessment included
histological and immunofluorescence studies using confocal laser scanning microscopy.

Results. In patients with GE, there was found a tendency to a decrease in 6-sulfatoxymelatonin excretion in daily
urine compared to the control group. It was also found that the total relative expression area of melatonin receptors in
the endometrium of women with GE was significantly lower compared to the endometrium of patients from the control
group. Significant differences between the average brightness and optical density were not found. In addition, it was
revealed that the relative expression areas of MTR1 and MTR2 melatonin receptors in the eutopic endometrium and in
endometrioid heterotopies did not differ significantly. A negative correlation was stated between the relative expression
area of melatonin receptors and GE prevalence. Particular attention is paid to the role of melatonin in the development
of GE and to the possibilities of working out new treatment regimens with its use.

Conclusion. The data obtained confirm the undoubted role of melatonin in the pathogenesis of GE, however, the
development of new treatment regimens with its use requires further study.

= Keywords: melatonin; 6-sulfatoxymelatonin; MTR1 and MTR2 melatonin receptor expression; genital endometriosis.
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= AxmyanvrHocmy. MenaToHVH 0OHApY)XeH IPaKTUYeCKV BO BCEX JKMBBIX OpraHNU3MaX, CHEeKTp ero agpdeKToB focTa-
TOYHO pasHooOpaseH. [leicTBMe MeTaTOHMHA B OpraHM3Me peajmsyeTcs ABYMA IYTAMIM: depe3 crenmpuyuecKue pe-
LIENITOPBI U HepeLelITOPHbIe ITyTH. MeTaTOHNH — TOPMOH, 06Tafalouii Kak MeMOpaHHBIMY, TaK M ANEePHBIMY peLiell-
TOpaMI.

Ilenv — n3yunTb sKcrpeccuio penentopos MenatoHnaa MTR1 m MTR2 B syTommyeckoM 3HAOMETPUM M SHAOME-
TPUOUJIHBIX e TEPOTOINAX, a TAK)XKe IPOaHaIN3MPOBATh YPOBeHb MeTabO0/INTa Me/IaTOHUHA 6-Cy/IbpaTOKCHMeTaTOHNHA
B CYTOYHON MOYe Y 6O/IbHBIX Hapy>KHBIM I'€HUTA/IbHBIM 9HJOMETPUO30M.

Mamepuan u memoOovt uccrned06anus. B rpyniy uccienoBanusa ypoBHA MeTaO0MNTa MeTaTOHMHA OBUIM BK/IIOYEHBI
67 MaLlMeHTOK PeIPORYKTUBHOTO BO3pacTa ¢ Bepu(yIVPOBAaHHBIM JUATHO30M HapYXXHOI'O TeHUTAIbHOTO SHJOMeTp1Oo3a
" 18 >KeHIIMH C OBY/IATOPHBIM MEHCTPYaJIbHBIM LIMKIOM 6€3 I'MHEeKOJIOTMYeCKON IIaTO/IOTUY, KOTOPbIe COCTaBU/IM KOH-
TPOJIBHYIO IPYIITY. YpOBEHb 6-CynIb(aTOKCHMeIATOHIHA B CYTOYHOI MOYe OIIpefie/IsIY MeTOJOM UMMYHO(EPMEHTHOT0
aHanmm3a. JKcmpeccuio penenTtopos MenaronnHa MTR1 u MTR2 B sHpoMeTpun u 5HOMETPUOUIHBIX I'eTePOTONIAX
usy4anan y 24 60/IbHBIX Hapy>KHBIM I'€HUTAIbHBIM SHIOMETPYO30M, a Takke Y 10 KeHIIMH perpofyKTUBHOIO BO3pac-
Ta, KOTOpble ObUIM 00CIIEOBAHbI 110 IIOBOAY OeCIUIOANA U Y KOTOPbIX Ha OCHOBAHUM AMArHOCTUYECKON TalapOCKOINN
He ObUIO BBIABJIEHO IMHEKOJOIMYECKON IaTonoruu. [Jid MCCIefoBaHUA SKCIPecCUM PeLieITOPOB MelIaTOHMHA 3a00p
SHIOMETPUA U SHJOMETPUONIHBIX T€T€POTONNIA OCYIECTBIAMN C 18-r0 1o 22-71 JeHb MEHCTPYa/nbHOro IuKaa. Mop-
¢dorornyeckas oLeHKa BK/II0YajIa TYICTOIOTMYECKOe M IMMYHOMIyOpecLieHTHOe MCCIefloBaHMe C ICIIO/Ib30BaHMeM KOH-
(hoKaIbHOII JTa3epHOI CKaHMPYIOLEl MUKPOCKOIVI.

Pesynvmamuvt. Y OONbHBIX HAPY>KHBIM T€HUTAIbHBIM SH/IOMETPMO30M ObIIa OTMedYeHa TEHMCHLVA K CHIDKEHMUIO
YPOBHA 9KCKpelyn 6-CynbpaTOKCHMETaTOHNHA B CYTOYHOI MOYe 110 CPaBHEHMUIO C KOHTPOIbHON rpynmnoit. CyMMapHas
OTHOCUTENbHAsA IJIOLIA/Ib SKCIIPECCUM PELIENTOPOB MENTATOHMHA B SHJOMETPUM >KEHIIMH C HapY>KHBIM T'€HUTaJIbHBIM
9HJOMeTPUO30M ObI/Ia JOCTOBEPHO HIDKE II0 CPAaBHEHMIO C SHZOMETPUEM JXEeHIVH KOHTPOJIbHOI IpyIbl. JJocToBep-
HBIX OT/INYMI MEX[Y IOKa3aTe/IAMU CpefHell APKOCTU U ONTUYeCKO IVIOTHOCTY O0OHapy>KeHO He ObI0. Bpito Taxke
BBISIBJIEHO, UYTO OTHOCUTEIbHASA IVIOLIAAb SKCIIpeccuy penentopos MenatonnHa MTR1 nu MTR2 B syTommueckoM sHTO-
METPUM U B 9HIOMETPUONTHBIX T€TEPOTONNAX JOCTOBEPHO HE OT/IMYAIach. B pesynbraTe KOppenALMOHHOTO aHaIM3a
OoOHapy>keHa OTpUIaTeIbHAsA KOPPeIALUA MeXy OTHOCUTEIBHOI IUIOLIANbI0 SKCIPECCUM PeLeITOPOB MeTaTOHMHA
U CTEIEeHBI0 PACIPOCTPAHEHHOCTU HAPY)XHOI'O TeHUTAIbHOro sHAoMeTpuo3da. Ocoboe BHUMaHNeE B paboTe yHeIeHO
ponu MeTaTOHMHA B Pa3BUTHUM HAPY>KHOTO T€HUTATbHOTO 9HAOMETPUO3a ¥ BO3MOXKHOCTAM €r0 IIPMMEHEHNA B Tepannn
JaHHOTO 3a00JIeBaHMA.

3axnmiouenue. IlonydeHHble pe3ynbTaThl MOATBEP)KJAI0T HECOMHEHHBIN BK/IaJ MeIaTOHMHA B IIaTOT€He3 Hapy>KHOTO
TeHNTA/IbHOTO SHIOMETPYO03a, OHAKO pa3paboTKa HOBBIX CXeM Tepallly C €ro IpUMeHeHueM TpebyeT JaIbHeIIIero
M3Y49eHUA.

= KnroueBble CToBa: MeIaTOHMH; 6-CyIb(paTOKCUMENTAaTOHNH; 9KCIpeccusi peuientopos MenaronrHa MTR1 u MTR2;
T€HUTAIbHbII 9HIOMETPHO3.

Melatonin has been known since the 1950s as
a hormone synthesized and secreted by the pineal
gland. The literature data indicate the pleiotropic
effect of this hormone [1], which in recent years
has increased interest in studying the melatonin
effect and function. Melatonin is present in all
living organisms, from unicellular eukaryotes,
bacteria, and algae to mammals and humans. In
the human body, this hormone is synthesized in
the pineal gland cells and pinealocytes from the
precursor of serotonin. Melatonin secretion occurs
synchronously with the day-night cycle, with the
peak concentration occurring at night. However,
there is extrapineal synthesis of melatonin in the
cells of the gastrointestinal tract, immune cells,

the retina, bone marrow, platelets, skin, and
lymphocytes [2]. Melatonin serves as a trigger for
the sleep process and one of the key regulators of
the natural sleep cycle [3]. It is known that there
is an endogenous circadian rhythm of melatonin
production (peak production occurs at 2-4 a.m.
with a subsequent decrease), which is significantly
affected by light, as the synthesis of this hormone
is suppressed the brighter is the light. Melatonin
is also a central endogenous synchronizer of
biological rhythms, which influences at the organ,
cellular, and subcellular levels by binding to its own
receptors located on target organs [4].

The action of melatonin is implemented through
the activation of two high-affinity receptors
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associated with G-proteins, MT1 (MellA), and
MT2 (MellB) [4], which are localized in the
thickness of the plasma and nuclear membranes
of target cells. Three types of melatonin receptors
were found in the plasma membrane, namely, MT1
(M-1la, MTNR1A), MT2 (M-1b, MTNRIB), and
MT3 (M-1¢c, MTNRI1C). In humans, the first two
types of receptors have been detected.

Through melatonin receptors MT1 and MT2,
the signal is transmitted by binding heterotrimeric
G-proteins consisting of a-, f-, and y-subunits [5].
The effector system that melatonin influences
through the MT1 and MT2 receptors includes
adenylate cyclase, phospholipase C, phospholipase
A2, potassium channels, and potentially guanylate
cyclase and calcium channels [5].

As it is known, melatonin has a wide range
of effects. Its chronobiological properties and
the ability to regulate the circadian rhythm were
studied [6]. The experiments showed that the
pineal gland is functionally and anatomically
related to the immune system as well, which
enables one to recognize it as an important
neuroimmunoendocrine organ. Pinealectomy and
suppression of nocturnal production of melatonin in
animals inhibit proliferation in the bone marrow of
progenitor cells of granulocytes and macrophages,
cause a significant decrease in hematological
parameters—including the number of red blood
cells, white blood cells, and lymphocytes—and
lead to an increased infection of the brain with
Staphylococcus aureus [7].

Melatonin is also a potent antioxidant. Because of
the inactivation of free radicals formed during the life
of the cell, the direct antioxidant effect of melatonin
is implemented [3]. In addition, by stimulating the
production of synthesis of antioxidant enzymes in
the cell, this hormone protects nuclear DNA from
free radical oxidation [8].

Several studies on laboratory animals revealed
that melatonin has an antitumor, “oncostatic”
effect. In an experiment, activation of the pineal
gland function or exogenous administration of
melatonin leads to a decrease in the incidence of
tumors, whereas pinealectomy has a stimulating
effect on tumor growth [9]. In addition, the pineal
gland hormone inhibits hormone-dependent
breast cancer cell lines. The oncostatic effect of
melatonin is based on its ability to limit estrogen
synthesis by inhibiting transcription, as well as
reducing the activity of many enzymes involved
in estrogen production [10, 11]. The pineal gland
hormone can influence the synthesis and secretion
of hormones regulating the reproductive function

by acting on the hypothalamic-pituitary system.
In an experiment with cultured human granulosa
cells, melatonin reduces luteinizing hormone- and
follicle-stimulating hormone-stimulated secretion of
estradiol, which indicates the possibility of inhibiting
ovarian function by this hormone [3]. However, it
has been determined that the antigonadotropic
effect of melatonin is dose-dependent. It is known
that melatonin reduces the activity and expression
of aromatase, increases the activity and expression
of estrogen sulfotransferase, and is also a selective
modulator of estrogen receptors, which suggests the
antiestrogenic effect of the pineal gland hormone
[3]. These effects enable to consider the use of
melatonin in the treatment of estrogen-dependent
diseases, including endometriosis, in which its
development is accompanied by an estrogen-
dependent inflammatory reaction and changes
in the production and receptor activity of steroid
hormones, oxidative stress, excessive proliferation,
and neoangiogenesis [3].

External genital endometriosis (EGE) is a
complex multifactorial disorder that forms when
hormonal and immune homeostasis is impaired
[3]. EGE occurs with a frequency of 5 %-15 % of
cases in women of reproductive age and is detected
in 20%-50% of patients with infertility [12]. Despite
the existing methods of combined treatment,
a high relapse rate is typical for endometriosis,
which leads to repeated surgical interventions. In
addition to the progressive course and decreased
fertility, the disease causes a significant decrease in
the patients’ quality of life, psychoemotional state
changes, and sexual dysfunction due to chronic
pelvic pain syndrome. There are various schemes
for drug therapy of the disease; however, all of them
are not effective enough.

In this regard, further study of the disease
pathogenesis and the search and development of
new possible methods and treatment regimens
represent an important and relevant task nowadays.
The role of the pineal gland hormone in various
diseases has been studied for a long time; as a result,
melatonin has been widely used in various fields of
medicine. So, its role in EGE pathogenesis, which
is a chronic, progressive, and recurrent disease, is
of particular interest.

In a study by Yesildaglar et al. [13], it was
found that melatonin is effective in the treatment
of endometriosis induced in severe combined
immunodeficiency = mice. = Melatonin  also
contributed to the regression of endometriotic
implants in rats by lowering the level of vascular
endothelial growth factor—a signaling protein
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produced by cells to stimulate angiogenesis—and
suppressing the production of anti-inflammatory
cytokines [14].

The literature reports that the use of melatonin
contributed to a decrease in pain syndrome and
improvement in the quality of life of patients with
IGE and infertility [15].

The antioxidant effect of melatonin has been
described in many studies [8, 12]. Yang et al. [12]
revealed that melatonin suppresses oxidative stress
by inactivating free radicals resulting from lipid
peroxidation. Since oxidative stress is an important
aspect of EGE pathogenesis, melatonin therapy can
be effective in disease prevention.

In one of the studies, the antiproliferative effect of
melatonin in endometrial cells was demonstrated in
an experimental model of endometriosis in rats [16].

Ness (2013) described the therapeutic effect of
the intake of 10 mg of melatonin per day for 8 weeks
for the treatment of endometriosis-associated
pain. Patients noted a decrease in pain severity,
algodysmenorrhea, and sleep normalization; they
took analgesic drugs less often, and a decrease in
the expression of brain-derived neurotropic factor
(BDNF) was recorded in the blood serum during
treatment. BDNF is known to be associated with
pain and nerve fiber damage [17], and its expression
is increased in endometrioid heterotopia.

Given the above effects of the pineal gland
hormone, its role in the development of
endometriosis and new schemes for pathogenetically
substantiated therapy of this disease is an important
and promising field.

Melatonin circulating in the blood is metabolized
in the liver. First, it undergoes 6-hydroxylation
and then conjugation with sulfate or glucuronide.
Subsequently, 6-hydroxymelatonin sulfate
(6-sulfatoxymelatonin) and 6-hydroxymelatonin
glucuronide are excreted with urine [18]. In
humans, the main metabolite of melatonin is
6-sulfatoxymelatonin, in which the level of
excretion in blood plasma and urine indicates the
qualitative and quantitative aspects of melatonin
secretion, which is often used for both analyzing
the rhythm of endogenous melatonin and studying
the pharmacokinetic properties of the hormone
administered, for example, in the form of tablets
or capsules [5]. One of the studies revealed that the
level of 6-sulfatoxymelatonin in the urine in patients
with EGE stages I-1I was lower compared with that
in the control group. Moreover, in patients with
EGE stages III-1V, the level of melatonin was also
reduced relative to the control, but no significant
differences were registered [19].

The work aimed to determine the expression of
melatonin receptors 1A and 1B in the endometrium
and endometrioid heterotopia, as well as the levels of
daily and hourly excretion of 6-sulfatoxymelatonin
in the urine of EGE patients.

Materials and methods

Melatonin metabolite (6-sulfatoxymelatonin) in
daily urine was studied using the kit for enzyme-
linked immunosorbent assay 6-sulfatoxymelatonin
(Buhlmann Laboratories AG, Switzerland). The
study group consisted of 67 patients of reproductive
age with a verified diagnosis of EGE without severe
somatic pathology. The inclusion criteria were the
reproductive age and the established EGE diagnosis
of varying degrees of prevalence (according to the
revised classification of the American Fertility
Society). The diagnosis was verified during surgery
and confirmed by the results of a morphological
study. Exclusion criteria were systemic and severe
somatic concomitant diseases, diabetes mellitus,
and hormonal drug intake at the time of the
study and also 6 months before it. The control
group consisted of 18 women with an ovulatory
menstrual cycle without gynecological pathology.
Urine was sampled at night, exclusively in the dark,
ensuring it was not exposed to direct sunlight or
artificial illumination. The total urine volume per
day was measured, which was taken into account
when calculating the daily and hourly excretion of
6-sulfatoxymelatonin sulfate.

The expression of melatonin receptors 1A and 1B
in the endometrium and endometrioid heterotopia
was evaluated in 24 EGE patients. Inclusion and
exclusion criteria were the same as in the study of
urine melatonin metabolite. In the control group,
the expression of melatonin receptors 1A and 1B
was evaluated in the endometrium.

The control group consisted of 10 women of
reproductive age, who were examined for infertility,
and no gynecological pathology was found based
on diagnostic laparoscopy.

To study the expression of melatonin receptors,
the endometrium and endometrioid heterotopia
were sampled from days 18 to 22 of the menstrual
cycle. The morphological study consisted of
histological and immunohistochemical assessments
of the endometrium and endometrioid heterotopia.
Histological examination was conducted according
to standard methods. The studies of the expression
of melatonin receptors 1A and 1B were performed
by confocal laser scanning microscopy.

Immunohistochemical studies were performed
on paraffin sections (5 pm thick), which were
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placed on glass slides coated with a poly-L-lysine
film (Sigma, Japan). Dako Cytomation LSAB2
System-HRP (Dako, Denmark) was used as a
visualization system. A standard one-step protocol
with antigen retrieval (high-temperature tissue
treatment) in 0.01 M citrate buffer, pH 7.6, was
applied for an immunohistochemical reaction. The
immunohistochemical research method included
a quantitative and qualitative assessment of the
expression of melatonin receptors 1A (ab 87639)
and 1B (ab 92339) in standard dilutions of 1:100
and 1:200, respectively (Abcam, England).

Immunofluorescence analysis was performed on
paraffin sections (5 pm thick), which were placed on
glass slides coated with a poly-L-lysine film (Sigma,
Japan). Immunofluorescence analysis was performed
according to the standard one-step protocol with
antigen retrieval (high-temperature tissue treatment)
in 0.01 M citrate buffer, pH 6.10. Primary antibodies
to the melatonin receptors 1A (ab 87639) and 1B
(ab 92339) were used in standard dilutions of 1:100
and 1:200, respectively. Incubation with secondary
antibodies conjugated with Alexa Fluor 488 and
Alexa Fluor 647 fluorochrome (1:1000, Abcam,
England) was performed in a humid chamber for
30 min at room temperature in the dark. Cell nuclei
were stained with Hoechst 33258 (Sigma, USA),
and finished preparations were enclosed under
coverslips in a Dako fluorescent mounting medium
(Dako, USA). The samples were visualized using
a FlueView 1000 confocal microscope (Olympus,
Japan) and FV10-ASW software with x 100, x 200,
and x400 magnification.

To verify the expression of melatonin receptors
1A and 1B, lasers with wavelengths of 635 and 500
nm were used, and those with 405 nm were used
for visualization of cell nuclei.

Micropreparations were examined under a
microscope with Keller illumination adjustment
at x100, x200, and X400 magnification to
obtain a general idea of the results of the
immunohistochemical reaction. Quantification of
the results of the immunohistochemical reaction
was performed on microphotographs obtained
using a system for fixing microscopic images. Fields
of view containing tissue defects, staining defects,
and artifacts were excluded from photographic
surveying. Photographing was performed at
a magnification of x 400 (eyepiece x 10 and lens
x 40). The expression fraction of the studied marker
was calculated using the VideoTest-Morphology
5.0 program (Video Test, Russia).

Statistical data processing was performed using
the SASv9.4 program. The significance of differences

.

between quantitative characteristics in the two
groups was evaluated using the Mann-Whitney
U-test. For paired comparisons, the Wilcoxon
test was used. To assess the relationship between
quantitative characteristics, the nonparametric
Spearman correlation coefficient was calculated.
The results were considered significant at p < 0.05

Results

The average age in the group of EGE patients
in which the excretion of 6-sulfatoxymelatonin in
urine was analyzed was 32.3 + 4.7 years, and in
the control group, it was 31.9 £ 5.1 years. There
was a tendency for a decrease in excretion of the
melatonin metabolite in EGE patients compared
with patients in the control group. The level of the
melatonin metabolite in EGE patients averaged
29,4989 +2,692.2 and 1,257.9 £111.7 ng/mL
per hour; while in patients of the control group,
the excretion of 6-sulfatoxymelatonin sulfate was
36,410.8 + 4,546.3 and 1,517.08 +* 189.4 ng/mL
per hour. However, because of the large spread of
the values obtained in both groups, the differences
were not significant (Fig. 1).

It should be noted that the most pronounced
decrease in the level of daily excretion of
6-sulfatoxymelatonin sulfate compared with the
control group was recorded at degree I of disease
prevalence, which requires further study (Table 1).

As a result of the correlation analysis in patients
of the study group, no significant correlations
were found between the indicators of excretion of
6-sulfatoxymelatonin sulfate and the prevalence of
EGE.

When analyzing the expression of the melatonin
receptors MTR1 and MTR2, the average age of
the patients in the control group was 32.8 £ 3.6
years, and in the study group, it was 29.4 + 4.7
years. As a result of evaluation of coexpression
of the melatonin receptors MTR1 and MTR2,
it was revealed that the relative expression area
in the eutopic endometrium of patients with
endometriosis (25.5 [18.6; 31.6]) was significantly
lower compared with the endometrium of patients
in the control group (34.6 [28.3; 34.9]; p = 0.04).
There were no significant differences between the
average brightness in the study group (37.4 [31.5;
50.3]) and the control group (38.5 [26.5; 43.1];
p =0.70) and optical density in the study group
(0.9 [0.7; 0.9]) and the control group (0.9 [0.8; 1.0];
p =0.6).

When assessing the indicators of the relative
coexpression area of the melatonin receptors
MTRI1 and MTR?2 in the eutopic endometrium and
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Fig. 1. Twenty-four-hour excretion of 6-sulfatoxymela-
tonin, ng/ml-24 hours) (0, control group; 1, genital endo-
metriosis group)

CyTouHast 9KCKpeuus 6-Cynb(paToKCUMeNnaToHN-
Ha, HI/MIJ - ¢yT (0 — KOHTpOJIbHaA Ipymmna; 1 — rpymma
C HaPY>KHBIM TeHUTA/IbHBIM SHIOMETPIO30M)

endometrioid heterotopia of the study group, there
were no statistically significant differences (25.5 [18.6;
31.6] and 23.4 [16.5; 46.3], respectively). However,
a significant decrease in the optical density of the
glandular component in the eutopic endometrium
of EGE patients was revealed compared with the
indicators in endometrioid heterotopia (0.9 [0.78;
1.0] and 1.4 [0.92; 1.2], respectively; p = 0.03).

According to the results, the evaluation of the
expression of melatonin receptor MTR1 in the eutopic
endometrium and the endometrioid heterotopia of
EGE patients (Fig. 2) did not significantly differ in
the relative expression area and optical density.

When analyzing the relative expression area and
optical density of the melatonin receptor MTR2
(Fig. 3), no significant differences were revealed
in the eutopic endometrium of EGE patients and
endometrioid heterotopia.

Table 1/ Tabauya 1

Based on the correlation analysis, a significant
negative correlation was found between the indices
of the relative expression area of the melatonin
receptors MTR1 and MTR2 in endometriotic
heterotopy tissue and the degree of EGE prevalence
(Fig. 4). Spearman correlation coefficient (rs)
was —0.36 (p = 0.038). Thus, the prevalence of the
disease is associated with a decrease in the expression
of melatonin receptors in the endometriosis foci.

Discussion

In EGE patients, there was a tendency to
a decrease in the level of 6-sulfatoxymelatonin
excretion in daily urine as compared with that
in female patients in the control group; however,
because of the significant dispersion of the values
obtained, the differences were not significant. The
data indicate large individual differences in the
excretion of melatonin, which does not contradict
the literature [20]. Interesting results were obtained
when conducting a correlation analysis between
the level of melatonin metabolite in daily urine
and the degree of disease prevalence. The lowest
values were obtained at degree I (initial stage) of
EGE, which is perhaps one of the disease “triggers.”
The expressed individual fluctuations in melatonin
excretion will probably not allow recommending
its determination in routine practice as the main
criterion. It is known that the duration of the
photoperiod affects the circadian rhythms of
melatonin excretion. A change in the concentration
of this hormone in daily urine is noted not only
in different seasons of the year but also in each
month, which must be taken into account when
studying the content of the epiphyseal hormone in
various pathological conditions [21].

From our point of view, the study of melatonin
expression directly in the endometrium and
endometriosis foci is the most interesting and
important, as it clarifies the mechanism of its

Daily and hourly excretion of 6-sulfatoxymelatonin in the study groups

MoKasaTenu cyTouHoOM M YacoBOW 3KCKpeLum 6-cynbGaTOKCMMENaToOHUHA B rpynne naunmeHToK
C HapYXXHbIM FeHUTaNbHbIM 3HAOMETPUO30M U B KOHTPO/IbHOM rpynne

Groups of female patients

6-sulfatoxymelatonin sulfate (M £ m), ng/mL per day

Control

EGE degree 1
EGE degree 2
EGE degree 3
EGE degree 4

EGE, external genital endometriosis.

36410.8 + 4546.3 1517.1+189.4
21815.1 £ 3367.6 909.0 +140.3
40467.0 £ 5102.7 1762.4 +210.1
23966.9 + 2834.1 999.1+118.1
30413.7 £5708.1 1299.9 +233.4
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Fig.2. Confocal laser scanning microscopy images of MTR1 melatonin receptor expression in endometrioid hetero-
topia and the eutopic endometrium in patients with genital endometriosis: a, MTR1 melatonin receptor expression
in endometrial heterotopy (green fluorescence), Hoechst (blue fluorescence), x400 magnification; b, MTR1 melatonin
receptor expression in the eutopic endometrium (green fluorescence). Hoechst (blue fluorescence), x400 magnification

[®A Oxcnpeccus penentopa MenatonnHa MTR1 B 9HIOMETPUOMAHON TETEPOTONNN U Sy TOLNYECKOM SHAOMETPUN
y MALVIEHTOK C HAPY>KHBIM T€HNTaTbHbIM SHJOMETPUO30M: d — 3KCIIpeccusi perentopa Menaronnaa MTR1 B sHzomer-
pronpHoit rereporonuu (3emeHas ¢myopecuenuns), Hoechst (cuusas dnyopecuennus), ysennuenne x400; b — akc-
npeccust penentopa Mmenaronnsa MTRI1 B syrommyeckoM sHpoMeTpun (3emeHas ¢uryopecuentys), Hoechst (cumss
dnyopectienuns), ysennderne x400. KoHdoxanpHast nasepHas CKaHUPYOLIAsS MIKPOCKOIN

Fig. 3. Confocal laser scanning microscopy images of MTR2 melatonin receptor expression in endometrioid hetero-
topia and the eutopic endometrium in patients with genital endometriosis: a, MTR2 melatonin receptor expression in
endometrial heterotopy (red fluorescence), Hoechst (blue fluorescence), x400 magnification; b, MTR2 melatonin recep-
tor expression in the eutopic endometrium (red fluorescence), Hoechst (blue fluorescence), x400 magnification

TN Oxcnpeccns penentopa menatornuaa MTR2 B 9HIOMETPUORHOI reTEPOTONMN M 9YTOMNYECKOM SHIOMETPUN
y HALMEHTOK C HaPY>XHBIM €HNUTaIbHBIM 9HZOMETPIO30M: d — 9KCIpeccus penenrtopa Menaronnaa MTR2 B augome-
TpUOMAHOI reTeporommu (kpacHas ¢ryopectenuns), Hoechst (cuusist ¢pnyopecuenuns), ysenmndenne x400; b — akc-
mpeccus penenrtopa Menaronnsa MTR2 B syTommueckoMm sHpomerpun (KpacHas ¢ryopecuennys), Hoechst (cunas
diryopecnenuys), ysemndenne x400. KondokanbHas ma3epHas CKaHUPYIOMAsA MUKPOCKOIVIA

action in the disease and substantiates the therapy
pathogenetically.

Based on the results of an immunohistochemical
study in EGE patients, in both eutopic endometrium
and endometrioid heterotopia, the expression
of both types of melatonin receptors (MTRI

and MTR2) was revealed, which confirms the
possibility of a direct effect of melatonin on the
focus of endometriosis and endometrium.

The total relative expression area of melatonin
receptors in the endometrium of EGE female
patients was significantly lower compared with that
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Fig. 4. Negative correlation between the relative ex-

pression areas of MTR1 and MTR2 melatonin receptors
in endometrioid heterotopies and genital endometriosis
prevalence (R, Spearman’s rank correlation coefficient;
p, reliability coefficient)

XA OrpunarenbHas KOppesIMOHHAs 3aBUCUMOCTD
MEXIY OTHOCUTEIbHOI IUIOMIA/IbI0 SKCIIPECCUN MeIaTo-
HyHOBBIX perentopos MTR1 m MTR2 B TkaHu 3H70Me-
TPUOMIHBIX T€TEPOTONNIT M CTENEHBI0 PACIPOCTPAHEH-
HOCTU Hapy>KHOTO T'€HWMTAaJIbHOTO 3HIoMeTpuosa (R, —
k03 Puiment koppensunn Crnupmena; p — koadpdumm-
€HT JOCTOBEPHOCTM)

of the control group. Moreover, the indicators of
average brightness and optical density did not have
significant differences between the groups. When
evaluating the expression of melatonin receptors
(both MTR1 and MTR2) in the eutopic endometrium
of EGE patients and endometrioid heterotopia, the
values of relative expression area, average brightness,
and optical density did not differ significantly.

A negative correlation between the relative
expression area of melatonin receptors and the
degree of EGE prevalence was also established.
In women with a higher prevalence of EGE in
endometrioid heterotopia, there was a tendency
to decrease in the coexpression of melatonin
receptors (1A + 1B). This can be explained by the
fact that with more extensive infiltrative forms
of endometriosis, sclerotic processes develop in
heterotopy tissue, which leads to a decrease in the
volume of hormone-active tissue and, consequently,
to a decrease in the number of receptors to sex
steroid hormones and melatonin.

Conclusion

EGE is an wurgent problem in modern
gynecology; it is manifested by a pain syndrome
of varying severity, is characterized by a progressive

and relapsing course, leads to infertility, and is
accompanied by a significant decrease in the quality
of life. It is necessary to continue the study of these
disease mechanisms and the development of new
treatment regimens, since at present, there is no
method that would guarantee a complete cure.
The effects of melatonin in EGE are mediated by
its effect on the regulation of enzyme activity and
the synthesis of steroid hormones, in particular,
estradiol, as well as immunoregulatory effects,
a decrease in the activity of pro-inflammatory
cytokines, — matrix = metalloproteinases,  an
antiproliferative and antiangiogenic effect, and
regulation of the apoptosis process, which ultimately
leads to regression of endometriosis foci and,
consequently, to reduction of clinical symptoms
and the risk of the disease relapse. The ability of
melatonin to regulate circadian rhythms and affect
the expression levels of BDNF has a positive effect
on the disease clinical manifestations, such as
chronic pelvic pain, and can significantly improve
the quality of life of EGE patients. The tendency
to lower excretion of the melatonin metabolite
in daily urine, as well as a significant decrease in
the expression of melatonin receptors in both the
endometrium and the endometrioid heterotopia
of EGE patients, confirm the advisability of
replacement therapy with the hormone of the
pineal gland in patients with endometriosis. That is
why the therapy of EGE with the use of melatonin
is pathogenetically substantiated. However, further
studies are required to develop the most effective
treatment regimens and determine the duration of
use and dosage of the drug.
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