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Summary

Introduction. The literature reports a decrease in melatonin levels in preeclampsia, when the degree of decrease
correlates with the severity of the process, as well as a decrease in the expression of melatonin receptors in the
placental tissue in case of fetal growth restriction.

Regarding changes in the cytokine profile in PE: there is evidence that the levels of proinflammatory cytokines,
namely TNF-o. and IL-6, increase in preeclampsia, while the concentrations of anti-inflammatory cytokines, namely
IL-4 and IL-10, decrease. Melatonin, on the contrary, reduces the secretion of proinflammatory cytokines, in particular
TNF-a, and increases the production of anti-inflammatory cytokines, namely IL-10. Therefore, normalization of
melatonin levels may be a promising direction in the treatment of PE in pregnant women.

Objective of the study. Assess the pathogenetic mechanisms of complications arising from a decrease in melatonin,
and, in particular, find out more about the changes in melatonin, IL-6 and IL-10, determine the correlation between them.

Material and research methods

The study conducted at the Department of Pregnancy Pathology of the Chernivtsi Regional Perinatal Center,
involved 32 women whose pregnancy was complicated by preeclampsia. The control group consisted of 33 women
with uncomplicated pregnancies observed in the antenatal clinic of the Chernivtsi Regional Perinatal Center.

The patient's informed consent form and the patient's examination card were approved by the Biomedical Ethics
Committee of Bukovinian State Medical University (BSMU) of the Ministry of Health of Ukraine (Chernivtsi). The
work was guided by the general provisions of the Declaration of Helsinki "Recommendations for Physicians for
Biomedical Research Involving Human Subjects” (1964), the World Medical Association on Ethical Principles for
Scientific Medical Research Involving Human Subjects (1964-2000), considering the requirements of Directive
2001/20/EC of the European Parliament and of the Council, ICH GCP, the Council of Europe Convention on Human
Rights and Biomedicine (04.04.1997), Order of the Ministry of Health of Ukraine No. 690 of 23.09.2009.

Statistical data were calculated using MedCalc software developed by MedCalc Software (Ostend, Belgium). The
results were evaluated using the Mann-Whitney U-test for small groups. The P value of <0.05 was considered valid.
Correlation and regression statistical evaluations were also performed using the aforementioned software.

R&D «Preservation and restoration of reproductive health of women and girls in obstetric and gynecological
pathology». State registration number: 0121U110020. Terms of execution: 01.2021-12.2025 yy.

Research results. The level of melatonin in venous blood taken from women with diagnosed PE was significantly
lower (p=0.029), as well as levels of placental growth factor PIGF (p<0.0001), compared to healthy women. In our
study we also found that the concentrations of both proinflammatory IL-6 and anti-inflammatory IL-10 were elevated
in women with PE compared to women with uncomplicated pregnancies. We performed a prognostic assessment of the
impact of the biochemical parameters we studied on the outcome of pregnancies in the examined patients. Melatonin,
if present in the blood of a pregnant woman in a concentration higher than the threshold values we established
(6.71 pg/ml), reduces the chances of clinical manifestations of severe preeclampsia with a high degree of reliability
(p=0.00173). We assume that placental dysfunction in particular leads to impaired synthesis of the antioxidant
melatonin, which causes disorders in the tissues of the mother, placenta and fetus and, as a result, provokes clinical
manifestations of preeclampsia. The condition of the placenta also worsens the subclinical inflammatory process, as
evidenced by an increase in IL-6 levels in patients with diagnosed preeclampsia, an increase in IL-10 in the study
group, in our opinion, is a kind of compensatory reaction that prevents preterm labour. In women with pregnancies
complicated by preeclampsia, melatonin is a prognostic criterion for delivery before 38 weeks of gestation, and this
delivery is mainly associated with the progression of preeclampsia to its severe stage. In the group of patients with
uncomplicated pregnancy, proinflammatory interleukin-6 is predictive of spontaneous onset of labour before 38
weeks of gestation. Placental growth factor PIGF was a predictor of the birth of children with a body weight of less
than 3000 g in both study groups.

Conclusions. Concentrations of melatonin and of placental growth factor in venous blood in women whose
pregnancy was complicated by preeclampsia in the third trimester of pregnancy are significantly lower compared
to uncomplicated pregnancies. On the other hand, the levels of proinflammatory IL-6 and anti-inflammatory IL-10
were significantly increased in the group of patients with diagnosed preeclampsia compared with normal pregnancy.
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Introduction

Preeclampsia (PE) is a systemic disease of the
mother-placenta-fetus system typical for pregnancy
[1]. PE 1is characterized by the appearance of
arterial hypertension, proteinuria, which is first
detected during pregnancy after 20 weeks, as well as
damage to other organs, primarily the kidneys, liver
dysfunction, changes in blood count, and often fetal
growth restriction [2]. A key link in the pathogenesis
of preeclampsia is placental dysfunction. Placental
damage is associated with excessive secretion of
antiangiogenic molecules by the placental tissue
[3] and insufficient proangiogenic molecules, in
particular, placental vascular growth factor PIGF [4,
15]. Thus, massive endothelial dysfunction occurs
in the mother's body, which progressively leads to
increased peripheral vascular resistance and activation
of procoagulant mechanisms and immune response
[2], in particular, to an increase in the production of
proinflammatory and a decrease in anti-inflammatory
cytokines [5, 6], and progression of systemic
multiorgan failure [7].

Oxidative stress is a key factor in placental
disorders [8], so many researchers consider melatonin
as a potentially useful option for the treatment of PE
[1, 9]. Melatonin is a natural antioxidant that acts
directly and indirectly. The direct pathway consists in
the effective removal of atomic oxygen species from
cells directly by the melatonin molecule, while the
indirect pathway involves the activation of endogenous
antioxidant enzymes, namely glutathione peroxidase,
glutathione reductase, superoxide dismutase, and
catalase [1]. During normal pregnancy, melatonin
levels progressively increase [10, 11]; there is evidence
of co-expression of melatonin and oxytocin receptors
in the myometrium before and during labour [12]. The
literature reports a decrease in melatonin levels in
preeclampsia, when the degree of decrease correlates
with the severity of the process [13], as well as a
decrease in the expression of melatonin receptors in
placental tissue in case of fetal growth restriction [14].

In pregnant women with PE, there is a decrease
in nighttime melatonin concentrations compared to
healthy pregnant women [11], which may indicate a
dysfunction of the pineal gland. However, a decrease
in melatonin levels in this pathology is caused not
only by changes in the pineal gland: it is known that
the expression of two of the most important enzymes
necessary for the synthesis of melatonin, namely
aralkylamine N-acetyltransferase and hydroxyindole-
O-methyltransferase, which is significantly reduced
in the placental tissue of women diagnosed with PE,
as well as the expression of melatonin receptors of
both types (M1 and M2); therefore, insufficient
melatonin synthesis by the placenta in this case is
quite accurately confirmed [20].

Regarding changes in the cytokine profile in PE:
there is evidence that the levels of proinflammatory
cytokines, namely TNF-a and IL-6, increase in
preeclampsia, while the concentrations of anti-
inflammatory cytokines, namely IL-4 and IL-10,
decrease [21]. Melatonin, on the contrary, reduces the
secretion of proinflammatory cytokines, in particular
TNF-a [22], and increases the production of anti-
inflammatory cytokines, namely IL-10 [23]. Therefore,
normalization of melatonin levels may be a promising

direction in the treatment of PE in pregnant women.

As the key immunosuppressive cytokine, IL-
10 is secreted primarily by Th2 cells, macrophages,
natural killer cells, granulocytes, dendritic cells, and
autoantigen-stimulated B cells; normal pregnancy
is characterized by a shift in immunity toward Th2
over Thl; this is commonly referred to as "Th2
polarization," which is reversed in the case of PE
[34]. Inhibition of IL-10 during the second half of
pregnancy in mice resulted in restricted fetal growth
but did not affect gestational age or fetal outcome,
illustrating the critical but not essential role of IL-10
in fetal growth [35, 36].

Due to melatonin deficiency, oxidative stress in
PE increases, leading to a high amount of circulating
reactive oxygen species and reactive nitrogen species;
both species play an important role as secondary
messengers in many intracellular signaling cascades,
but they can also have a critical impact on pathological
processes in pregnant women [26]. One of the most
important signaling pathways activated by reactive
oxygen and nitrogen species is the induction of
neutrophil adhesion to the endothelium, accompanied
by the release of cytokines and activation of signaling
pathways associated with the inflammatory response
[26-28]. In addition, poor trophoblast invasion, which
has been confirmed as one of the main pathological
aspects of PE [29], leads to placental hypoxia,
accelerating the apoptotic cascade in the villous
trophoblast; the production of several other factors,
including leukocyte and platelet membrane particles,
cytokines, growth factors, and angiogenic factors,
is also altered in the case of abnormal trophoblast
invasion, and these factors will then interact with the
maternal vascular endothelium, which may already be
damaged [29].

The role of placental growth factor in preeclampsia
is undoubtedly proven: it is known that the deficiency
of the secretion of this pro-angiogenic molecule
causes massive endothelial dysfunction in the mother's
body, which progressively leads to an increase in the
resistance of peripheral vessels and the activation
of procoagulant mechanisms [39]. Regarding the
relationship between the levels of melatonin and the
placental growth factor PIGF, which is key in the
pathogenesis of the development of preeclampsia,
there is very little data in the modern literature,
however, one of the recent studies found that the
levels of both melatonin and the placental growth
factor decrease in umbilical cord blood collected
during childbirth in women whose pregnancy was
complicated by fetal growth restriction [32].

Hence, PE is a complex pathological process,
a significant role in the development of which is
played by a decrease in melatonin levels, which is a
consequence of pituitary and placental dysfunction.

The purpose of this study was to assess the
pathogenetic mechanisms of complications arising
from melatonin deficiency, and in particular - to
determine changes in melatonin, IL-6 and IL-10 and
the correlation between them.

Material and research methods

R&D «Preservation and restoration of reproductive
health of women and girls in obstetric and
gynecological pathology». State registration number:
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The study, which was conducted at the Department
of Pregnancy Pathology of the Chernivtsi Regional
Perinatal Center, involved 32 women whose pregnancy
was complicated by preeclampsia. The presence
of preeclampsia was diagnosed by systolic blood
pressure >160 mm Hg or diastolic blood pressure
>110 mm Hg, confirmed by a second blood pressure
measurement within 10 minutes, as well as proteinuria
>300 mg per 24-hour urine collection [37]. All women
in the study group had a gestational age of 30-32
weeks, confirmed by calculating the labour date based
on the first day of the last menstrual period, and the
first trimester ultrasound (11-13 weeks).

The control group consisted of 33 women with
uncomplicated pregnancies who were observed in the
antenatal clinic of the Chernivtsi Regional Perinatal
Center.

Patients with extragenital diseases (chronic arterial

hypertension, obesity, pregestational and gestational
diabetes, endocrine diseases, anemia, etc.) were
excluded from both the study and control groups.

Melatonin and PIGF concentrations were
determined using an ELISA kit manufactured by IBL
(Germany), and concentrations of proinflammatory
(IL-6) and anti-inflammatory (IL-10) cytokines were
determined using diagnostic kits manufactured by
Vector Best (Ukraine). The study was performed in
venous blood, all analyzes were collected by vein
puncture at the same time: 9:00 am on an empty
stomach.

Statistical data were calculated using MedCalc
software developed by MedCalc Software (Ostend,
Belgium). The results were evaluated using the Mann-
Whitney U-test for small groups. The P value of <0.05
was considered valid. Correlation and regression
statistical evaluations were also performed using the
aforementioned software.

Table 1

Clinical and statistical characteristics of groups of women whose pregnancy
was complicated by preeclampsia

Women with PE (n=32) Control group (n=33) p
Age, years 28,6+3,7 31,2+6,6 0,053
Woman'’s weight, kg 74,0+6,6 65,6+8,7 < 0,0001
Due date of labour, weeks 38,0+0,8 38,7%1,2 0,01

Note: Data are presented as arithmetic mean t standard deviation

We conducted a prognostic assessment of the
impact of the biochemical parameters we studied on
the pregnancy outcomes of the patients examined. To
do this, we used the method of constructing a "curve of
errors", also known as a ROC-curve. This technique is
widely used in clinical practice to make a diagnosis on
a "yes/no" basis ("1/0", diagnosis is/is not present). The
methodology also allows calculating threshold values
of quantitative indicators used in a diagnostic and/or
prognostic model [33]. The result of a diagnostic test is
often based on whether the value of the marker selected
by the researcher exceeds the threshold value. In this
case, the diagnosis for a particular patient is "positive"
(present), and if the threshold value is not exceeded, it

is "negative" (absent) [34]. The most important aspect
in this case is the correct choice of the quantitative
variable on which the qualitative indicator "1/0" will
depend (or not). We chose the following qualitative
indicators that characterized the end of pregnancy in
the examined patients: delivery before 38 weeks of
gestation, which is usually due to the progression of
preeclampsia, as well as the birth of children with a
body weight below 3000 g, which is most often due to
placental dysfunction. To build ROC curves, we used
the "ROC curve analysis" computational block of the
MedCalc software package produced by MedCalc,
Software Ltd, Ostend, Belgium. The results were taken
into account only if p<0.05.

Table 2
Pregnancy outcomes in women, whose pregnancy was complicated by preeclampsia
Women with PE _
(n=32) Control group (n=33) p
Child's body weight at birth, g 3176,5 + 274,4 3164,0 + 405,9 0,88
Height at birth, cm 50,3 + 1,7 51,5+2,7 0,037
Apgar score (1st min), points 7,7 + 0,45 7,8 + 0,69 0,49
Apgar score (5th min), points 8,1+ 0,46 8,4 + 0,66 0,038

Note: Data are presented as arithmetic mean * standard deviation

The patient's informed consent form and the patient's
examination card were approved by the Biomedical Ethics
Committee of Bukovinian State Medical University
(BSMU) of the Ministry of Health of Ukraine (Chernivtsi).
The work was guided by the general provisions of the
Declaration of Helsinki "Recommendations for Physicians
for Biomedical Research Involving Human Subjects"
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(1964), the World Medical Association on Ethical Principles
for Scientific Medical Research Involving Human Subjects
(1964-2000), taking into account the requirements of
Directive 2001/20/EC of the European Parliament and of
the Council, ICH GCP, the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), Order of
the Ministry of Health of Ukraine No. 690 of 23.09.2009.
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Table 3
Melatonin level in the venous blood of the examined patients
Women with PE Control group
(n=32) women (n=33) P
. 30,98 55,20
Melatonin (pg/ml) (19,78 — 42,17) (36,23 — 74,17) 0,029

Note: 1. P is calculated by Welch's criterion (assuming unequal variances)
2. 95% confidence interval for the mean value is given in parentheses

Study results and discussion

Here is a brief clinical and statistical description
of the study groups (Table 1).

The mean age in the main group was 28.59 years
(95% confidence interval for the average 27.3 - 29.88
years), in the control group - 31.24 (28.97 - 33.51)
years, this indicator did not differ significantly
between the groups (p=0.053). Instead, as can be seen
from Table 1, the average weight of patients whose
pregnancy was complicated by preeclampsia was
significantly higher compared to healthy pregnant
women (p<0.0001). Births in the study group occurred
significantly earlier (p=0.01), at an average of 38.09
weeks (in the control group — at 38.67 weeks).

All patients gave birth naturally at a gestational
age of more than 37 weeks. Cases of severe fetal
distress that required cesarean section, obstetric vice

or vacuum fetal extraction were excluded from the
study.

The results of pregnancies of women included in
the study groups are presented in Table 2.

The data presented in Table 2 show that the
average birth weight of children at birth did not differ
significantly between the groups (p=0.88), while the
height of newborns was significantly higher in the
control group (p=0.037). In addition, the Apgar score
of newborns at the 5™ minute of life was 0.3 points
higher in the group of patients with uncomplicated
pregnancy (p=0.038).

The analysis of biochemical parameters revealed
a significant decrease in melatonin in women with
PE compared with patients with uncomplicated
pregnancy (Table 3), which is also confirmed by other
studies [11, 20].

Table 4
The levels of PIGF in umbilical blood taken at labor from women with diagnosed PE
Women with Women of control
preeclampsia (n=32) group (n=33) P
41,90 30,73
PIGF (pg/ml) (33,88 — 49,93) (25,97 — 35,49) 0,018

Note: 1. P is calculated by Welch's criterion (assuming unequal variances)
2. 95% confidence interval for the mean value is given in parentheses

As can be seen in Table 3, the level of melatonin
in venous blood taken from women with diagnosed
PE was significantly lower (P=0.029) compared to
healthy women. Thus, we can conclude that in the
case of PE, the level of melatonin in the mother's
venous blood decreases during pregnancy.

The levels of PIGF in venous blood taken from
the patients of the studied groups are represented in
Table 4.

It’s been established that the concentration
of PIGF in venous blood taken from women with
diagnosed preeclampsia was more than 5 times
lower than in women who had uncomplicated
pregnancies, p<0.0001.

The next step was to determine the consequent
pathogenic chain, in particular proinflammatory
IL-6 and anti-inflammatory IL-10, as the literature
on this issue is different and contradictory in its
results. A recent study suggests that endothelial
cells in PE produce significantly more IL-6 and
its receptor gpl30 in soluble form, which is a
signal of inflammatory changes in the endothelium
[32], but much less IL-10. For example, a study
of a preeclampsia model in rats with reduced
uterine perfusion showed that placental ischemia
was associated with decreased IL-10 levels and

endothelial cell dysfunction [33]. Some human
studies have shown that individual levels of IL-10
did not differ significantly between patients with
preeclampsia and normotensive patients [35, 36].

In our study, we found that the concentrations of both
proinflammatory IL-6 and anti-inflammatory IL-10 were
elevated in women with PE compared with women with
uncomplicated pregnancies (Table 5). In our opinion,
this fact can be explained by the inclusion of women
with PE, confirmed proteinuria and hypertension in the
study group, as well as the exclusion of patients with
fetal restriction and fetal distress; thus, IL-10 clearly
plays a protective role for the fetus in PE.

The data in Table 5 show a clear difference in
cytokine concentrations between the two groups.
In the group with PE, we found an increase in the
concentration of both IL-6 and IL-10 compared to
patients with uncomplicated pregnancies.

To build a prognostic model using the ROC
curve, which will be used to predict the selected
qualitative indicators in pregnant women with
preeclampsia, we analyzed the quantitative variables
we monitored.

The results of building ROC curves and the
predictive models developed on their basis are
shown in Figure 1.
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Figure 1: ROC curves for assessing the predictive ability of the monitored indicators:
a) melatonin to predict delivery before 38 weeks (women with preeclampsia),
b) placental growth factor for predicting newborn weight up to 3000 g (women with preeclampsia),
c) placental growth factor for predicting newborn weight up to 3000 g (women in the control group),
d) IL-6 for predicting delivery up to 38 weeks (women in the control group).

Let's take a closer look at the findings.

Thus, we were able to build prognostic ROC
curves for predicting the following events during
pregnancy complicated by preeclampsia: delivery
before 38 weeks by melatonin concentration (Figure
la), and birth of a child weighing up to 3000 g by
placental growth factor concentration (Figure 1b).

First of all, let's pay attention to the prognostic
model "Melatonin - delivery before 38 weeks"
(Figure la). Indications for delivery before 38 weeks
of gestation in women with preeclampsia: signs of
severe preeclampsia (blood pressure 160/110 mmHg
and above and/or proteinuria 3 g per day or more).

Parameters of our prognostic model for women
with preeclampsia "Melatonin — delivery before 38
weeks":

- is the area under the AUC curve: 0.781,

- is the standard deviation: 0.118,

- reliability criterion: p = 0.0173,

- associated threshold criterion: < 6.71 pg/ml,
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- sensitivity: 75.00%,

- specificity: 87.50%.

The prognostic model was developed for the
following tasks and conditions: predicting the onset
of severe preeclampsia during pregnancy if the level
of melatonin measured in fasting venous blood at 8
am in pregnancy complicated by preeclampsia is <
6.71 pg/ml.

Regarding the prediction of births below 3000
g in women whose pregnancy was complicated by
preeclampsia: we were able to reveal the prognostic
value of the studied levels of placental growth factor
(PIGF) for predicting the birth of a child with such a
birth weight (Figure 1b).

The prognostic model for women with preeclampsia
"PIGF - birth weight less than 3000 g" has the
following parameters:

- is the area under the AUC curve: 0.799,

- is the standard deviation: 0.132,

- reliability criterion: p = 0.0239,
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- associated threshold criterion: < 12.88 pg/ml,

- sensitivity: 77.78%,

- specificity: 95.24%.

The prognostic model was developed for the
following tasks and conditions: predicting the birth of
a child with a birth weight below 3000 g, if the level
of placental growth factor PIGF measured in fasting
venous blood at 9 am in pregnancy complicated by
preeclampsia is < 12.88 pg/ml.

For women with uncomplicated pregnancies (control
group), we were able to build prognostic ROC curves to
predict the following events: the birth of a child weighing
up to 3000 g - by the concentration of placental growth
factor PIGF (Figure 1b) and delivery before 38 weeks -
by the concentration of IL-6 (Figure 1d).

Parameters of the prognostic model for women
with uncomplicated pregnancy "PIGF - birth weight
less than 3000 g":

- is the area under the AUC curve: 0.800,

- is the standard deviation: 0.107,

- reliability criterion: p = 0.0051,

- associated threshold criterion: < 66.6 pg/ml,

- sensitivity: 70.00%,

- specificity: 95.65%.

The prognostic model was developed for the
following tasks and conditions: predicting the birth of
a child with a birth weight below 3000 g if the level
of placental growth factor PIGF measured in fasting
venous blood at 8§ am in an uncomplicated pregnancy
is £ 66.6 pg/ml.

The parameters of the prognostic model for women
with uncomplicated pregnancy "IL-6 - delivery before
38 weeks" are as follows:

- is the area under the AUC curve: 0.932,

- is the standard deviation: 0.448,

- reliability criterion: p < 0.0001,

- associated threshold criterion: > 294.69 pg/ml,

- sensitivity: 100.00%,

- specificity: 85.71%.

The prognostic model was developed for the
following tasks and conditions: prediction of labor
at up to 38 weeks' gestation if the level of the pro-
inflammatory cytokine IL-6 measured in fasting
venous blood at 8§ am in uncomplicated pregnancy is
>294.69 pg/ml.

We explain the data we obtained in developing
our prognostic models as follows. As demonstrated
throughout our study, melatonin is a hormone that has
a protective effect on the mother and fetus and on the
placental tissue. The progression of preeclampsia to
it’s severe form is a manifestation of maladaptation on
the part of the placental tissue. Therefore, melatonin,
if present in the blood of a pregnant woman in a
concentration higher than the thresholds we have
established (6.71 pg/ml), reduces the chances of
clinical manifestations of severe preeclampsia with a
high degree of reliability (p=0.00173). However, this
prognostic model has its drawbacks. Firstly, these are
the strict conditions (described above) that must be met
when predicting the likelihood of severe preeclampsia
based on the level of melatonin in the venous blood
of a pregnant woman. Secondly, the model involves
invasive medical intervention - venipuncture and
blood sampling by a medical professional. In our
opinion, the direction of predicting future adverse
obstetric events based on changes in salivary

melatonin concentrations is promising. Such a study
is non-invasive, economically more feasible, can be
performed on an outpatient basis, and the patient can
donate biological material for it herself. This may be
the focus of further research.

To develop prognostic models to calculate the
probability of having a child with a birth weight below
3000 g in both groups, the indicator PIGF (placental
growth factor) was used.

Placental vascular growth factor is an angiogenic
protein whose expression is most pronounced during
pregnancy. Its concentration correlates with placental
function well. Placental growth factor (P1GF) belongs
to the vascular endothelial growth factor (VEGF)
family of proteins. It is known that PIGF exerts its
angiogenic effects through both direct and indirect
mechanisms, causing receptor dimerization and
phosphorylation. PIGF directly activates endothelial
cells, macrophages, and hematopoietic progenitor
cells by binding to a membrane receptor known as
fms-like-tyrosin-kinase-1 (FIt-1), and in doing so, not
only triggers angiogenesis itself, but also increases
the cell's sensitivity to the vascular endothelial growth
factor VEGF. PIGF acts indirectly by displacing
vascular endothelial growth factor from receptors,
while the soluble form of the mentioned receptor,
soluble fms-like-tyrosin-kinase-1 (sFlt-1), which is
actively expressed by the placenta in preeclampsia
has antiangiogenic potential because it binds to PIGF
and VEGF in the blood, reduces their bioavailability,
and thus interaction with membrane proangiogenic
receptors [35]. Thus, PIGF has a proangiogenic effect
in the maternal-fetal complex; it is widely known as a
predictor and diagnostic marker of preeclampsia [36].
At the same time, this molecule attracts the attention
of many researchers in placental insufficiency or
fetal distress. For example, Larissa N. Bligh, Ristan
M. Greer, Sailesh Kumar (2016) found that reduced
PIGF levels were associated with lower Apgar scores,
abnormal fetal heart rate changes in labor, and pH
changes in the umbilical cord arteries, which are
characteristic of fetal hypoxia [37]. In our study, PIGF
had a prognostic value for the birth of children with
a birth weight below 3000 g at a threshold value of
< 12.88 pg/ml (p = 0.0239). We believe that this is
due to the delivery of patients with signs of severe
preeclampsia, as well as manifestations of placental
dysfunction accompanying the development of
preeclampsia. However, the prognostic value of PIGF
for this qualitative parameter was also observed in
the group of women with uncomplicated pregnancy
at a threshold value of < 66.6 pg/ml (p = 0.0051).
Also in our study, we noted the prognostic value of
proinflammatory interleukin IL-6 for predicting the
delivery of women with uncomplicated pregnancy at
a time earlier than 38 weeks of gestation (associated
threshold criterion > 294.69 pg/ml, p < 0.0001),
which, in our opinion, is associated with a subclinical
inflammatory response in the placental tissue, which,
along with other factors, causes spontaneous onset of
labor.

Conclusion. Concentrations of melatonin and of
placental growth factor in venous blood in women
whose pregnancy was complicated by preeclampsia
in the third trimester of pregnancy are significantly
lower compared to uncomplicated pregnancies. On
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the contrary, the levels of proinflammatory IL-6 and
anti-inflammatory IL-10 are significantly increased
in the group of patients with diagnosed preeclampsia
compared to normal pregnancies. We assume that
placental dysfunction, in particular, leads to impaired
synthesis of the antioxidant melatonin, which causes
disorders in the tissues of the mother, placenta and
fetus and, as a result, provokes clinical manifestations
of preeclampsia. The condition of the placenta also
worsens the subclinical inflammatory process, as
evidenced by an increase in IL-6 levels in patients with
diagnosed preeclampsia; an increase in IL-10 in the
study group, in our opinion, is a kind of compensatory
reaction that prevents preterm birth. In women with
pregnancies complicated by preeclampsia, melatonin
is a prognostic criterion for delivery before 38
weeks of gestation, and this delivery is mainly

associated with the progression of preeclampsia
to severe preeclampsia. In the group of patients
with uncomplicated pregnancy, proinflammatory
interleukin-6 is predictive of spontaneous onset of
labor before 38 weeks of gestation. Placental growth
factor PIGF was a predictor of the birth of children
with a body weight of less than 3000 g in both study
groups.

Prospects for further research. In the future,
it is planned to continue to elucidate the role of
melatonin in preeclampsia combined with extragenital
pathology.
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BIJIUB MEJATOHIHY HA KIJIBKICTh IUTOKIHIB NPU NPEEKJAMIICII
P.®. Caska, A.M. bepoeus, C.I. IIpuiimax, O.M. FO3vko0, /].A. Bepoeus

BykoBHHCBHKUIl 1ep:kaBHUH MeJUYHHH YHiBepcUTeT
(Yxpaina, m. YepniBui)

Pesome

Beryn. V nitepaTypi € IOBIZOMIICHHS IIPO 3HMIKCHHS PiBHS MEJNATOHIHY IPH IMPEEKJIaMIICil, KOJIU CTYIiHb 3HIKEHHS KO-
pemIoe 3 TSHKKICTIO MPOIECy, a TAKOX PO 3HMKEHHS eKclpecii perentopiB MeNIaToHiHy B IMUIalleHTApHIA TKaHUHI y BUNAIKY
3aTPUMKH PO3BUTKY ILIOAA.

loxo 3MiH y mHTOKiHOBOMY Ipodili mpH HmpeeKiIaMIcii: € JaHi mpo Te, IO PiBHI NMpo3amalbHUX IHUTOKIHIB, a came
TNF-o ta IL-6, miABUIIYIOTHCS MPHU MpeeKIaMIicii, TOAl K KOHIEHTpaLii MpoTH3anaJbHUX NUTOKiHIB, a came I1L-4 ta IL -10,
3MEHILIYIOThCs. MellaTOHIH, HaBMaKy, 3HU)KYE CEKPelilo mpo3anaibHUX HUTOKiHIB, 30kpeMa TNF-a, i 36inbpye npoayxiuio
NpOTH3aNalbHUX UTOKIHIB, a came IL-10. Tomy HOpMmamizanist piBHS MeJIaTOHIHY MOXKe OyTH HEPCIEKTHBHUM HAIPSIMKOM Y
NiKyBaHHI IpeeKIaMIIcii BariTHUX.

Mera nocaigkenHsi. OiHUTH TATOTCHETHYHI MEXaHI3MHU yCKIaIHCHb, 10 BUHUKAIOTH MPU 3HUIKEHHI MEJATOHIHY, 30-
KpeMma, 3’scyBaTi 3MiHM MenaToHiny, IL-6 ta IL-10, BU3HAYNTH KOPEIISIiI0 MiXK HUMH.

MartepiaJ i MeTOIH AOCTiTKEHHS.

Y nmociniuKeHHI, SKe MPOBOAMIN Y BiAAiICHHI maToa0Tii BaritTHOCTi YepHiBEIBKOTO 00IaCHOTO MEPUHATAIBHOTO LEHTPY,
Opanu ydacTh 32 XiHKH, BaTiTHICT AKUX yCKJIagHMIAacs npeeknamncicro. KontpoasHy rpyny ckianu 33 KiHKH 3 HEyCKIak-
HEHHUM TepebiroM BariTHOCTI, K1 clocTepirajucs y BiAAUJNIEHH] XiHO40i KOHCynbTamii YepHiBebKOTO 00JaCHOTO TEepHHa-
TaJIbHOTO LICHTPY.

Dopmynsap iHPOPMOBAHOT 3T0AM MAalli€eHTa Ta KapTa OOCTEKCHHS MAaIl[i€HTa CXBaJlCHI KOMICi€l 3 MUTaHb OiOMEIUYHOT
etk bykoBuHChKOTO AepkaBHOrO MeandHoro yHiBepcutery (BAMY) MO3 Vkpaiuu (M. UepniBui). [Ipu BukoHaHHI poOOTH
KepyBaJuCs 3arajJbHUMH TMOJOKEHHAMH [enbCiHChKOT Aekaapanii "PekoMengamii 1y jgikapiB i3 MpOBEACHHS OlOMEIMYHHUX
JOCIHIKeHb 13 3amydeHHsaM moauau" (1964), BeecBiTHbOT MequuHOi acomiamnii Ipo eTHYHI NPUHIUITH IPOBEACHHS HAYKOBUX
MEIUYHUX TOCITiKeHb 32 ydyacTio Jonuuau (1964-2000 pp.) 3 ypaxyBanuam Bumor Jupextusu 2001/20/€C €Bponeiicbkoro
[Mapnamenty ta Pagu €C, ICH GCP, Kousenuii Pagu €sponu npo npaa noauau Ta 6iomenununy (Bix 04.04.1997 p.), na-
ka3zy MO3 Vkpainu Ne690 Bix 23.09.2009 p.

CraTucTHYHI JaHI PO3paxoBYBajJHM 3a JOMOMOTOI0 mporpamuoro 3abesmedeHHs MedCalc, po3pobieHOro KoMIaHi€0
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“MedCalc Software” (Octenne, bensrist). Pesynpratu oninroBanu 3a gomomoroo U-tecty ManHa-YiTHI Al Manux TPyI.
3nauenns P <0,05 BBaxanocs nocroBipuuM. KopensmiliHi Ta perpeciiiHi CTaTUCTUYHI OLIHKH TAaKOX ITPOBOIMIH 33 JOTIOMO-
rOI0 3raJlaHoro MPorpamMHOro 3a0e3MnedeHHs.

HJIP «306epexeHHs Ta BIAHOBJICHHS PEeNpPOJyKTHBHOTO 30pPOB's JKIHOK Ta AiBYAT NMPHU aKyMEpChKiil i riHeKonorivHiil na-
tonorii». JepxxaBHuil peectpauniituuit Homep: 0121U110020. Tepmin Bukonanus: 01.2021-12.2025 pp.

PesyabraTn gociaixkenHs. PiBeHb MenaToHIHY y BEHO3HIH KPOBIi, B34Tiil y ®IHOK 3 [iarHOCTOBAHOIO NpEEKIAMIICi€l0, OyB
noctoBipHO HIKYHM (p=0,029), mOpiBHIHO 31 3O0POBUMH KIHKaMH. Y HANIOMY JOCIIJ)KEHHI MU BCTAHOBHIIU, 10 KOHI[CHTpa-
uii sk mposanaisHoro IL-6, Tak i mporusanansroro IL-10, Oynu migBUIIeH] y )KiHOK 3 MpeeKIaMIICi€El0 TOPIBHAHO 3 KiHKaMHU
3 HEyCKJIaQHEeHOI0 BariTHicTio. Hamu 0ys10 nmpoBeieHo NPOrHOCTHYHY OL[IHKY BIJIMBY BUBUYCHHUX HAMH 010XiMIYHUX MOKa3HH-
KiB Ha pe3ylIbTaTH BariTHOCTeH 00CTE)KEHNX ManieHTOK. MeNnaToHiH, IKIIO BiH NPUCYTHINH B KPOBI BariTHOI XiHKH B KOHIICH-
Tpamuii, BUIIiH 32 BCTAaHOBIEHI HAaMU MOpOroBi 3HaueHHs (6,71 pg/ml), 3 BucOKuM cTyneHeM goctoBipHOCcTi (p=0,00173) 3HU-
KY€ IIAHCH Ha MOSBY KJIIHIYHUX MPOsBIB TSHKKOT mpeeknammcii. Mu npumyckaeMo, 1o mianeHTapHa AucQyHKIisa, 30KpeMa,
MPU3BOAUTE JIO MOPYIICHHS CHHTE3y aHTHOKCHAAHTY MEJIATOHIHY, [0 CIPUYNHIE NOPYIICHHS B TKAHMHAX MaTepi, MIaleHTH
Ta IIOAY Ta, SIK HACIiJ0K, IPOBOKY€ KIiHIYHI MposABH npeekiammcii. CTaH MIaeHTH TAaKOX MOTipIye CyOKIiHIYHUN 3analb-
HUH Tpolec, MPo MmO CBIAYUTh MigBHIICHHS piBHA [JI-6 y XBOpUX 3 AiarHOCTOBAHOIO Mpeckaamiciero; miapuimenns [JI-10 B
JOCHIKYBaHIH TPy, HA HAIY TyMKY, € CBOEPITHOK KOMIICHCATOPHOK PEaKIi€lo, sKa 3amobirae mepeq4yacHUM moioram. ¥
KIHOK 3 BariTHICTIO, IO YCKJIaAHMIACS MPECKIAMIICI€I0, METATOHIH € IPOTHOCTHYHUM KPUTEPIiEM PO3POIKEHHS 10 38 THIKHIB
recrauii, IpuuOMY Iie PO3POKECHHS IEPEBAXKHO IOB’s3aHe 3 IPOrPEeCyBaHHIM IpeekIamIcii 10 Tsokkoi. B rpyni nanieHTox 3
HEYCKJIa[HEHUM NepediroM BariTHOCTI IPOTHOCTHYHE 3HAYSHHS 010 CHIOHTAHHOTO MTOYaTKY MOJIOTOBOT isNIBHOCTI B TEPMiHI
o 38 THXXHIB Mae mpo3ananbHuil iHTepaeiikin-6. [Inanenrapuuit pakrop pocty PIGF BucTynuB mpeaukTopoM HapoIKEeHHS
niteit 3 macoro tisa meHiie 3000 T B 000X 00CTEKEHHUX Tpymax

BucnoBku. KoHmnenTpanii MelaToHIHY Yy BEHO3HIH KPOBi y JKiHOK, BariTHICTh SKMX yCKIagHMIAcsa npeexnamiciero y 11
TPUMECTPI BariTHOCTi, JOCTOBIPHO HUXK4Y1 MOPIBHIHO 3 HEYCKIaJAHEHOO BariTHicT0. HaBmaku, piBHI mpo3anaixsHoro 1L-6 Ta
nporusanaibioro IL-10 1ocToBipHO MiABHUINECHI B TPYIi HAI[iEHTOK 3 11arHOCTOBAHOIO MPECKIAMIICIEI0 TTOPIBHAHO 3 HOPMalib-
HOIO BariTHICTIO.
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