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THE RELATIONSHIPS BETWEEN COMPLAINTS, MELATONIN LEVELS AND SOME
INDICATORS OF THE STATE OF THE ANTIOXIDANT SYSTEM AND ANGIOGENESIS
IN WOMEN WITH UTERINE LEIOMYOMA

The aim of the study - to research the relationships between complaints, melatonin levels and some indicators of the state
of the antioxidant system and angiogenesis in women diagnosed with uterine leiomyoma.

Materials and Methods. 60 women of reproductive age with a diagnosis of uterine leiomyoma (experimental group) were
examined. The control group consisted of 20 healthy women of the same age group. The concentrations of melatonin and reduced
glutathione, as well as the levels of vascular endothelial growth factor VEGF in the blood plasma of the examined women were
studied. Comparisons between the groups were carried out using the t-test for unequal samples. Calculations of logistic regression
between qualitative (presence or absence of those described below clinical symptoms) and quantitative (listed biochemical
parameters) parameters were performed.

Results and Discussion. The level of melatonin in the blood plasma of patients with uterine leiomyoma was significantly
lower compared to the level of this hormone in healthy women, namely, 111.01 = 18.5 ng/ml compared to 153.5 + 8.5 ng/ml in
the control group, p<0.01. The plasma concentration of reduced glutathione in women with leiomyoma was significantly lower
compared to healthy women (0.77 + 0.13 pmol/L versus 1.02 + 0.14 pmol/L in the control group, respectively, p<0.01). The level
of VEGF in patients with uterine leiomyoma was significantly higher (90.4 + 23.6 pg/ml) compared to the control group (35.1 + 8.3
pg/ml), p<0.01. With a decrease in plasma melatonin levels below 100.0 ng/ml in women of reproductive age, patients with uterine
leiomyoma have an 82% chance of painful menstruation, and with an increase in the concentration of reduced glutathione above
0.78 pymol/L, the chance of profuse bleeding during menstruation is approximately 67%. The level of VEGF in the blood plasma of
women with leiomyoma above 96.13 pg/ml, according to our data, is almost always associated with the presence of spontaneous
miscarriages in the anamnesis of such patients.

Conclusions. 1. In patients with uterine leiomyoma, there is a reduced activity of the antioxidant system compared to healthy
women: in the experimental group, the average level of melatonin in the blood plasma was significantly (p<0.01) lower compared
to the control group (the difference was 27.6 percent), as well as the average plasma level of reduced glutathione (the difference
was 24.5 percent at p<0.01, compared to the control). 2. In the group of women diagnosed with uterine leiomyoma, there was a
significant (2.58-fold) increase in the average concentration of VEGF in blood plasma compared to healthy women (p<0.01), which
indicates the activation of angiogenesis in this disease. 3. The relationships between the clinical signs of uterine leiomyoma and
the studied biochemical parameters are described using logical regression tools.
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b. B. Cokonos

BykoBUHCbKUU depxkasHUl MeduyHulli yHisepcumem

B3AEMO3B’A30K MDK CKAPFAMW, PIBHEM METATOHIHY TA AEAKUMU MOKA3HUKAMW CTAHY AHTUOKCUAAHT-
HOI CUCTEMW A AHIIOFEHES3Y B XIHOK 13 JIEMOMIOMOK MATKU

MeTa gocnif)eHHsA — BCTaHOBUTN B3aEMO3B’A30K MiX ckapramu, piBHeM MenaToHiHy Ta AesAKUMW NMOKa3HMKaMU CTaHy aHTu-
OKCMAAHTHOT CUCTEMU | aHTiOreHe3y B XIHOK i3 1eliOMiOMOK0 MaTKu.

Martepianu ta metoaun. O6¢cTeXeHO 60 XIHOK PenpofyKTMBHOIO BiKY 3 AjarHO30M «/elioMioma Matku» (4ocnigHa rpyna).
KoHTposbHy rpyny ckianmn 20 NpakTUYHO 340POBUX XIHOK TiET ) BIKOBOT rpynun. BuB4anun KOHUEHTpaLii MesiaToHiHy Ta BiZHOB/IEHOIO
rNyTaTioHy, @ TakoxX piBHI dhakTopa pocTy eHgoTenito cyanH VEGF y nnasmi kpoBi 06CTEXEHMX XKIHOK. [OPIBHAHHS MK rpynamm
NPOBOANV 3 BUKOPUCTAHHSM t-TECTY A1 HEOAHAKOBMX BUGIPOK. 3AiICHI0BaIM PO3PaxXyHKU NOTICTUYHOT PEerpecii Mixk SKicHUMU (Ha-
ABHICTb UM BiCYTHICTb ONMUCAHNX HYDKYE KNIHIYHMX CUMNTOMIB) Ta KilbKicHUMM (NepepaxoBaHi 6ioXiMi4Hi NOKa3HUKW) napaMeTpamu.

Pe3ynbTatn focnimkeHHA Ta iX 06roBopeHHs. PiBeHb MeNaToHiHy B Na3Mi KPOBi NaLi€eHTOK, XBOPUX Ha /leiioMiomMy MaT-
K1, 6yB BIpOrifiHO HWKYMIA MOPIBHAHO 3 PiBHEM AAHOr0 rOPMOHY Y MPaKTUYHO 340POBUX XIHOK: (111,01+18,5) ng/ml (B kOHTpoOni
(153,518,5) ng/ml, p<0,01). KoHLEHTpALisl BiAHOBIEHOTO ryTaTiOHY B M/1a3Mi KPOBI XXIHOK i3 /1e/ioMioMOt0 6y/1a OCTOBIPHO HMXKUYOH
NOPIBHSAHO 3i 300poBUMM XiHkamu ((0,77+0,13) mkmonb/n npoTy (1,02+0,14) MKMONb/A'y KOHTPOAbHIV rpyni, p<0,01). PiseHb VEGF
y NaujieHToK i3 neiilomiomoto maTkm 6yB BiporigHo Buwwmii ((90,4+23,6) nr/M/1) NOPIBHSHO 3 KOHTPO/ILHOK rpynoto ((35,1+8,3) nr/mn,
p<0,01). Mpw 3HWKEHHI PIBHA MENATOHIHY B N/1a3Mi KpoBi Hxye 100,0 ng/mly XiHOK penpoayKTVBHOTO BiKY, XBOPWX Ha feiomiomy
MaTKu, iMOBIPHICTb NOABM 60NICHNX MEHCTPYaLiil cknagae 82 %, a Npu NigBULLEHHI KOHLIEHTpaLUl BiAHOBEHOTO rNyTaTioHy BULLE
3a 0,78 MKMO/b/N WAHC Ha MOSIBY PACHUX KPOB'AHUCTMX BUAIMEHb Mif yac MeHcTpyauii cknagae 6nm3bko 67 %. PiBeHb VEGF y
nnasMi KPoBi XiHOK i3 neliomiomoto, BULMiA 3a 96,13 pg/ml, maiixe 3aBXau, BignoBiAHO A0 HALLNX AaHKX, aCOLLIOETLCA 3 HASBHICTHO
B aHaMHe3i Takmx naLieHTOK CaMOBI/IbHUX BUKUAHIB.

BUCHOBKMW. Y Maui€HTOK i3 1e/10MiIOMOK0 MaTKN CNOCTEPEXEHO 3HMKEHY MOPIBHAHO 3i 340POBUMM XiHKAMN aKTUBHICTb aHTU-
OKCUAAHTHOT CMCTEMW: B JOCAIHINA rpyni cepeaHii piBeHb MeNnaToHiHy B naa3mi Kposi 6yB BiporigHo (p<0,01) HWKYWIA, NOPIBHAHO
3 KOHTPO/IbHO TPyNoto (Pi3HMLS cknana 27,6 %), sik i cepefHili piBeHb Y Nna3mi KPoBi BifHOBMEHOTO ryTaTioHy (PisHULA cknana
24,5 % npu p<0,01 NOpiBHAHO 3 KOHTPONEM). Y rpyni XiHOK i3 AjarHo30M «eiiomioma MaTku» BigMmidyanm 3HavHe (B 2,58 pasa)
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36ibLIEeHHS cepeHbol koHUeHTpauil VEGF y nna3mi KpoBi MOPIBHAHO 3i 340poBUMU XiHkamu (p<0,01), L0 CBIAYMTb NPO aKTu-
Bi3aLlito aHrioreHesy nNpu faHoMy 3axXBOPHOBaHHI. B3aeMO3B’A3KM MiX K/iHIYHUMK O3HaKaMK N1elioMiOMM MaTKu Ta AOCIAKEHUMM
6iOXIMIYHUMM MOKa3HMKaMM ONMcaHo 3a [OMNOMOro iIHCTPYMEHTIB S10rYHOT perpecil.

KntouoBi crnoBa: neliomioma MaTtku; MENaToHiH; BigHOBNEHWI rnyTaTioH; VEGF; nepekucHe OKUCHEHHS NiMifiB; aHTUOKCU-

OaHTHa cucrtema.

INTRODUCTION. Uterine leiomyoma is a benign
monoclonal tumor consisting mainly of myometrial smooth
muscle cells. According to some authors, the incidence of
this disease in the population of Caucasian women reaches
up to 50%, including asymptomatic forms [1]. This disease
affects the quality of life of patients and their reproductive
function, and can also cause secondary complications, in
particular, iron deficiency anemia and impaired trophism of
the myomatous node [2]. To date, many scientists study this
disease in various aspects, one of which is the search for
ways for inhibition of the pathological proliferative process in
myomatous nodes and reduction of the secondary damage
to uterine tissues associated with this process.

In uterine leiomyoma, secondary tissue damage occurs
mainly due to oxidative stress and hypoxia [3 — 7]. On
the other hand, hormonal signaling mechanisms are also
involved in the formation of myomatous nodes (primarily due
to the activation of proliferative processes by estradiol) [8, 9].
However, proliferation is impossible without adequate blood
supply to the corresponding area, so another prerequisite for
the formation of leiomyomai is alocal increase in angiogenesis
[10], which, in turn, is activated in response to tissue hypoxia
by increasing the expression of Vascular Endothelial Growth
Factor (VEGF) [11]. Reperfusion damage to tissues, in this
case, to the myometrium, causes oxidative stress with the
appearance of a large number of reactive oxygen species
that damage cell membranes in the focus of leiomyomatous
node formation, thus closing the pathophysiological "vicious
circle" [12]. In addition, free radicals damage DNA helices
and cause increased proliferation by expressing specific
genes [13].

Promising areas for the treatment of uterine leiomyoma
will be aimed at breaking the described pathophysiological
mechanisms, which are the basis for the growth of the
myomatous node. To date, the leading role belongs to the
surgical treatment of this disease, which has a number of
disadvantages: first of all, surgical intervention is mostly
performed on patients with a pronounced clinical picture of
uterine leiomyoma, and in such cases itis not always possible
to preserve a woman's important reproductive organ [14]; in
addition, surgery and anaesthesia always carry certain risks.
Thus, conservative methods of treating uterine fibroids are
becoming more important, especially in the early stages of
the development of the disease. In this aspect, the effect on
the process of lipid peroxidation and the antioxidant system
in the body of a woman with uterine leiomyoma is especially
important [15, 16].

Among the molecules that have antioxidant properties,
melatonin and glutathione attract the most attention from
researchers. Melatonin is known to be one of the body's
strongest free radical cleansers; in addition, melatonin
inhibits angiogenesis induced by VEGF, as it has the ability
to bind to receptors for this factor [17-20]. There is evidence
suggesting the ability of melatonin to trigger cell apoptosis
in leiomyoma foci [19].

Glutathione (L-y-glutamylcysteinylglycine) is a key
metabolite in eukaryotes and plays an important role in
protecting cells from oxidative damage [21]. Glutathione
directly absorbs a variety of oxidizing agents, such as
superoxide anion, hydroxyl radical, nitric oxide, and
carbon radicals, and it is a cofactor for various antioxidant
enzymes, including glutathione peroxidase and glutathione-
S-transferase [22, 23]. There are two states of glutathione
in cells: reduced glutathione and oxidized glutathione
disulfide. Importantly, reduced glutathione is the main tissue
antioxidant, while glutathione disulfide accumulates when
cells are subjected to oxidative stress. Thus, an increase
in the ratio between these two forms of glutathione in favor
of glutathione disulfide is indicative of oxidative stress,
and reduced glutathione levels are crucial for the body's
antioxidant homeostasis [24]. In a recent study, we found
that the concentrations of specific glutathione cofactor
enzymes, namely glutathione-S-transferase and glutathione
peroxidase, are significantly lower, and the levels of plasma
malonaldehyde and erythrocytes, which are products of lipid
peroxidation of cell membranes, are significantly higher in
patients with uterine leiomyoma compared to healthy women
[25].

Thus, today studies have particular importance that will
allow combining information about the state of angiogenesis
and the antioxidant system of the body of women with
uterine leiomyoma and clinical complaints. Therefore, the
aim of the study was to establish the relationship between
complaints, melatonin levels and some indicators of the state
of the antioxidant system and angiogenesis in women with
uterine leiomyoma.

MATERIAL AND METHODS. We selected 60 women
of reproductive age (study group). Diagnosis, examination,
treatment was carried out in accordance with the Order of
the Ministry of Health of Ukraine dated 25.01.2023. No. 147,
standard of medical care "Uterine leiomyoma". The control
group consisted of 20 healthy women of reproductive age.
The study was approved by the Commission on Biological
and Medical Ethics of the Higher State Educational Institution
of Ukraine "Bukovinian State Medical University" (Minutes
No. 4 of December 22, 2020) and was conducted in strict
accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving human subjects. All patients signed an informed
consent.

The groups were parity in age and social status. The age
of women in the experimental group ranged from 27 to 46
years and averaged 36.3 + 1.8 years, the age of patients in
the control group ranged from 24 to 45 years and averaged
35.6 + 2.9 years (p = 0.20 according to the t-test), which
indicated statistical homogeneity of the groups by age.
Women with severe extragenital pathology were not included
in the study.

Determination of melatonin levels in the blood serum of
the examined patients was carried out by enzyme-linked
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immunosorbent method using the Human MT (Melatonin)
ELISAKit reagent kit (manufactured by Wuhan Fine Biotech
Co. Ltd, China) and the automatic analyzer Maritizer
EiaQuant (manufactured by Merik Diagnistic LTD, India).
The level of melatonin in the blood of the examined women
was established once at the beginning of the study, on an
empty stomach, venipuncture was performed at 8 o'clock
in the morning.

The concentration of vascular endothelial growth factor
was studied using the enzyme-linked immunosorbent kit
Human VEGF (Vascular Endothelial Cell Growth Factor)
ELISA Kit (manufactured by Wuhan Fine Biotech Co. Ltd,
China). Determination of the content of reduced glutathione
in the blood plasma of the examined women was carried out
according to the method of Travina O.V. [26].

Statistical processing was performed using the MedCalc
software package (Ostende, Belgium). The data are presented
as an arithmetic mean with the standard deviation for each
sample. Comparisons between groups were carried out
using the t-test for unequal samples. Calculations of logistic
regression between qualitative (presence or absence of
clinical symptoms described below) and quantitative (listed
biochemical parameters) parameters were carried out. The
results were considered to be statistically significant at p<0.05.

RESULTS AND DISCUSSION. The distribution of
complaints in patients of the examined groups is shown
in Table 1. As expected, women diagnosed with uterine
leiomyoma were significantly more likely to have complaints
such as pain during menstruation, profuse spotting during
menstruation (more than three pads with maximum absorption
capacity per day for at least five days), menstruation lasting
longer than 7 days, the presence of intermenstrual spotting,
the presence of discomfort in the hypogastrium, constipation,
frequent urination, and irregular menstruation. It is clear that
in women diagnosed with symptomatic uterine leiomyoma,
the frequency of such complaints is higher than in healthy
individuals. The presence or absence of the complaints
listed in Table 1 was used by us as a qualitative parameter
for calculating logistic regression, taking into account the
studied biochemical parameters.

As for the biochemical parameters we studied, we found
that the level of melatonin in the blood plasma of patients
with uterine leiomyoma was significantly lower compared to

the level of this hormone in healthy women: 111.01 + 18.5
ng/ml (in the control group 153.5 + 8.5 ng/ml, p<0.01). The
difference was 27.6 percent.

Figure 1 shows a graphical representation (in the form
of a comparative diagram) of the difference in melatonin
concentrations between the experimental and control groups
of the examined patients. Thus, in patients of reproductive
age with uterine leiomyoma, melatonin had a much lower
antioxidant and membrane-protective effect compared to
healthy women.

The results of research of reduced glutathione levels in
the blood plasma of women included in the study groups
are given below. We found that the plasma concentrations
of reduced glutathione in women with leiomyoma were
significantly lower compared to healthy women (0.77 +
0.13 umol/L versus 1.02 + 0.14 pymol/L in the control group,
p<0.01, Figure 2). The difference was 24.5 percent.

As a result of the study of the concentrations of vascular
endothelial growth factor VEGF in the blood plasma of
women included in the examination groups, the following
has been found: the level of VEGF in patients with uterine
leiomyoma was significantly (2.58 times) higher (90.4 + 23.6
pg/ml) compared to the control group (35.1 + 8.3 pg/ml,
p<0.01). This may indicate the activation of angiogenesis in
patients with leiomyoma, which results in proliferation in the
tissue of the myomatous node. Figure 3 shows a comparative
diagram of VEGF concentrations in the experimental and
control groups of the women we examined.

To investigate the relationships between the studied
biochemical parameters and clinical signs, we used the
methodology of constructing an "error curve", also known
as the ROC-curve. This technique is widely used in clinical
practice to make a diagnosis on a yes/no basis ("1/0",
diagnosis or clinical sign is present/absent). This methodology
can be used to predict the occurrence of a disease or the
appearance of a certain symptom, describing the influence
of the studied quantitative parameter on the occurrence of a
discrete indicator. In the case of the established impact, the
threshold value of the quantitative indicator is determined
[27]. We were able to establish relationships between the
studied biochemical parameters in the blood plasma of
patients with uterine leiomyoma and the presence of the
described clinical signs in them.

Table 1. The occurrence of complaints in women with uterine leiomyoma

Study group (n=60) Cor}trzglz%;oup
Pain during menstruation, % (n) 83.3 (50) *** 15 (3)
Profuse spotting during menstruation, % (n) 51.7 (31) *** 0
Menstruation lasting longer than 7 days, % (n) 25.0 (15) ** 0
Presence of discomfort in the hypogastrium % (n) 18.3 (11) * 0
Presence of intermenstrual spotting, % (n) 63.3 (38) *** 0
Frequent urination, % (n) 28.3 (17) ** 0
Constipation, % (n) 30.0 (18) ** 0
Irregular menstruations, % (n) 20.0 (12) * 5(1)

Notes: 1. *— p<0.05 compared to the control group, ** — p<0.01 compared to the control group, *** — p<0.001 compared to the

control group.

ISSN 2411-4944. AktyanbHi NUTaHHA NefiaTpii, akymepcTsa Ta rinekosorii. 2024. N2 1 33



AKymepcTBO Ta riHEKOJIOTis1

180

160

140

120

Melatonin ng/ml

100

80

60

Study group, Control group,
n=60 n=20

Figure 1. Comparative diagram of melatonin concentrations in the blood plasma of women with uterine leiomyoma and practically
healthy women.
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Figure 2. Comparative diagram of reduced glutathione concentrations in the blood plasma of women with uterine leiomyoma
and practically healthy women.
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Figure 3. Comparative diagram of the concentrations of vascular endothelial growth factor VEGF in the blood plasma of women
with uterine leiomyoma and practically healthy women.
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Parameters of the model "Melatonin in blood plasma —
pain during menstruation" in patients of the experimental

group (Figure 4):
- area under the AUC curve: 0.770,
- standard error: 0.079,
- reliability criterion: p = 0.0007,

associated threshold level for melatonin: < 100.0 ng/ml,

sensitivity: 82.00%,
specificity: 80.17%.

Parameters of the model "Reduced glutathione in blood

plasma — profuse spotting"” in women with uterine leiomyoma

(Figure 5):

- area under the AUC curve: 0.721,

- standard error: 0.0722,

- reliability criterion: p = 0.068,

- associated threshold level for reduced glutathione:
>0.78 pmol/L,
- sensitivity: 66.67%,

- specificity: 80.17%.

Parameters of the model "VEGF in blood plasma —
miscarriages in anamnesis" in women with uterine leiomyoma

(Figure 6):

- area under the AUC curve: 0.896,
- standard error: 0.0685,

Melatonin study group
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Painful menstruationSensitivity)

20

20 40
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Figure 4. ROC curve of a model describing the relationship between the concentration of melatonin in the blood plasma of
women of reproductive age with uterine leiomyoma and the presence of complaints of pain during menstruation.
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Figure 5. ROC curve of a model describing the relationship between the level of reduced glutathione in the blood plasma of
women of reproductive age with uterine leiomyoma and the presence of complaints of profuse spotting during menstruation.
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Figure 6. ROC curve of a model describing the relationship between the level of VEGF in the blood plasma of women of
reproductive age with uterine leiomyoma and their history of spontaneous miscarriages.

- reliability criterion: p < 0.0001,

- associated threshold level for VEGF: > 96.13 pg/ml,

- sensitivity: 100.00%,

- specificity: 70.37%.

Our research allowed us to establish the following. Firstly,
in patients with uterine leiomyoma, the concentration of me-
latonin in the blood plasma significantly decreases. We took
the sampling at 8 a.m., when the daily activity of the pineal
gland is minimal, to reduce the impact of daily melatonin
fluctuations on the interpretation of our results. The conse-
guence of such a decrease is the insufficient performance
of melatonin's physiological functions: antioxidant function
(cleansing from free radicals) [28, 29] and antiangiogenic
function, when melatonin competitively binds to VEGF
receptors, preventing excessive angiogenesis provoked by
hypoxia inside the leiomyomatous node [13]. Secondly, an-
other important parameter of the body's antioxidant defence
system — the concentration of reduced glutathione in blood
plasma — is also significantly lower in women with uterine
leiomyoma compared to healthy women. Thirdly, in patients
with leiomyoma, there is a pathological activation of angio-
genesis, which was manifested in a significant increase in
the average concentration of VEGF in the blood plasma of
patients included in the study group compared to the control.
These changes in biochemical parameters provoke oxidative
stress in the body of patients with fibroids and the growth of
leiomyomatous nodes, which affects the clinical picture [30].
Our research, namely, the construction of ROC curves based
on logistic regression, allowed us to reveal more deeply the
relationships between the quantitative (biochemical) and
qualitative (clinical) parameters of a disease such as uterine
leiomyoma. As a result, we were able to establish that when
the level of melatonin in the blood plasma decreases below
the threshold value of 100.0 ng/ml in women of reproductive
age with uterine leiomyoma, the probability of painful men-
struation is 82%, and with an increase in the concentration
of reduced glutathione to 0.78 pmol/L or more, the chance of
profuse spotting during menstruation is approximately 67%.

In our opinion, in this case, the cut-off indicator of reduced
glutathione is the evidence of the tension of the compensato-
ry mechanisms of the body's antioxidant system. Finally, we
would like to note that the level of VEGF in the blood plasma
of women with leiomyoma below 96.13 pg/ml, according to
our data, is almost always associated with the presence of
spontaneous miscarriages (abortions) in the anamnesis of
such patients. We can say that this is not a prognostic, but
a retrospective sign, but this fact needs to be studied as
thoroughly as possible.

Conclusions. 1. In patients with uterine leiomyoma, there
was a reduced activity of the antioxidant system compared
to healthy women: in the experimental group, the average
plasma melatonin level was significantly lower (p<0.01) com-
pared to the control group (the difference was 27.6 percent),
as well as the average plasma level of reduced glutathione
(the difference was 24.5 percent at p<0.01, compared to
the control).

2. In the group of women diagnosed with uterine
leiomyoma, there was a significant (2.58-fold) increase in
the average concentration of VEGF in the blood plasma
compared to healthy women (p<0.01), which indicates the
activation of angiogenesis in this disease.

3. With a decrease in the level of melatonin in the blood
plasma below the threshold value of 100.0 ng/ml in women
of reproductive age with uterine leiomyoma, the probability
of painful menstruation is 82%, and with an increase in the
concentration of reduced glutathione above 0.78 pmol/L,
the chance of profuse bleeding during menstruation is
approximately 67%. The level of VEGF in the blood plasma
of women with leiomyoma above 96.13 pg/ml, according to
our data, is almost always associated with the presence of
spontaneous miscarriages in the anamnesis of such patients.

Prospects for further research are to study the
pathophysiological impact of melatonin on the processes of
angiogenesis and lipid peroxidation in uterine leiomyoma,
as well as to study the effectiveness of oral melatonin
administration to women with leiomyoma.

36
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