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ABSTRACT

The aim: This study was aimed at analyzing the impact of preventive therapy for pregnant women at a high risk to develop preeclampsia on the normalization of the mechanisms
of decidual macrophage polarization.

Materials and methods: The methodology was designed to obtain data on the content of pro- and anti-inflammatory cytokines and indicators of nitric oxide and arginase
metabolism in cervical mucus. The ration between M1/M2 decidual macrophagesin the placenta was determined by applying immunohistochemical methods. The effectiveness
of the proposed therapy for the secondary prevention of preeclampsia (metformin, vitamin D3 and corvitin) was evaluated.

Results: Pregnant women with preeclampsia showed the imbalance between pro- and anti-inflammatory cytokines in favour of TNF-a and INF-y under the decrease in IL-10
that results in an imbalance in the activity of enzymes regulating L-arginine metabolism, with increased iNOS activity and decreased arginine activity. In the placentas of the
pregnant women with preeclampsia, in contrast to the healthy pregnant women, M1 decidual macrophages are found as predominant. The women, who received the course of
the preventive therapy with metformin, vitamin D3 and corvitin, showed a decrease in the concentration of pro-inflammatory cytokines and an increase in anti-inflammatory
cytokine IL-10, normalization of the balance between iNOS and arginase activity, and the normalization of the M1/ M2 macrophages ratio.

Conclusions: Normalization of the balance between pro- and anti-inflammatory cytokines, iNOS and arginase activity in cervical mucus, the ratio between decidual M1 and

M2 macrophages as results of the therapy proposed reduce the incidence of preeclampsia and associated complications.
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INTRODUCTION

Despite the wealth of reports on the diagnosis and pre-
vention of preeclampsia, the frequency of pregnancies and
childbirths complicated with this pathology in Ukraine and
throughout the world is ranging from 7 to 16%; moreover,
no tendency to decrease is being observed. Pregnancies
complicated with preeclampsia rank the third and fourth
places in the structure of maternal mortality [1,2]. Perinatal
mortality under severe uncorrected forms of preeclamp-
sia makes up 53 - 100 %o [3,4]. To date, there have been
proposed more than 30 theories of the development of
preeclampsia [5,6]. This has led to the development of a
large number of schemes for managing patients with the
condition [7]. Unfortunately, the analysis of unsatisfactory
results of preeclampsia therapy shows the lack of effective
methods for prevention and successful management of the
complex pathology [4,8,9].

Decidual macrophages (DMP) are involved in the for-
mation of the “maternal-foetal” dialogue. The number of
DMP increases in the first trimester of pregnancy, then
remains unchanged through the second trimester, and
goes up again during the labor [10,11]. The activation of
placental and decidual macrophages can accelerate the
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production of various mediators, including those that
contribute to the development of endothelial dysfunction
and preeclampsia [9,14].

The role of macrophage polarization in the context of
preeclampsia development is still insufficiently explored,
therefore a detailed analysis of this issue as well as iden-
tifying factors, which can impact DMP differentiation in
women with preeclampsia will be of great clinical impor-
tance for predicting the occurrence of this condition and
its management.

THE AIM

This study aims at analyzing the effect of the preventive
therapy we elaborated for pregnant women at high risk to
develop preeclampsia on the normalization of the mecha-
nisms of decidual macrophage polarization in the second
trimester and the early third trimester of gestation.

MATERIALS AND METHODS
Methodology applied in the study enabled us to obtain data
on the content of pro- and anti-inflammatory cytokines
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and indicators of nitric oxide and arginase metabolism
in cervical mucus depending on the length and course of
pregnancy. We investigated the balance of subpopulations
of decidual macrophages (M, and M,) in the placenta,
evaluated the effectiveness of the proposed method of the
secondary prevention of preeclampsia.

The research design and the selection of participants for
clinical groups met the current requirements of clinical
epidemiology in terms of uniform standards of result
presentation, with clear regulation of statistical methods
applied. The research was carried out in accordance with
the international guidelines to promote and ensure respect
for all human subjects and protect their health and rights
consistent with the ethical principles of Tokyo Declara-
tion of the World Medical Association, the Declaration
of Helsinki, the European Convention on Human Rights
and Biomedicine, Laws of Ukraine, and regulations of the
Ministry of Public Health of Ukraine.

The authorities of healthcare settings and women wished
to be included into the study were fully informed about its
purposes. All patients gave written informed consent to
participate as subjects of the study, which was approved by
the Commission on Ethical Issues and Biomedical Ethics
of the Ukrainian Medical Dental Academy.

The women were divided into three clinical groups:

- control group (CG) included 30 healthy pregnant
women with no risk factors for preeclampsia, steady blood
circulation through the spiral uterine arteries in the pla-
cental area at 18-20 + 6 weeks of gestation, no infection
was detected in the cervical canal. Material for immuno-
histochemical examination of placental subpopulations
of macrophages M, and M, (as a control, for comparison
with data in the study groups) was obtained in the second
trimester during evective labor from healthy women with
monochorionic monoamniotic twins without obstetric
and extragenital pathology, who were operated on at 32
weeks of gestation.

— study group (SG) consisted of 91 pregnant women
with a high risk of preeclampsia, impaired blood flow in
the spiral uterine arteries in the placental area at 18-20 + 6
weeks of gestation, no infection of the lower genital tract
was detected. The pregnant women were divided into two
subgroups:

« SG-Iincluded 32 pregnant women who refused the sec-
ondary preventive therapy of preeclampsia we elaborated,
and received the treatment according to existing guidelines
(75 mg of acetylsalicylic acid and 2 g of calcium in terms
of active agents);

« SG-II involved 59 pregnant women who received the
secondary preventive therapy of preeclampsia we devel-
oped (metformin, vitamin D3, and corvitin).

The groups of women by age, social status, features of
menstrual function, parity, obstetric history and structure
of extragenital diseases were homogeneous that allowed us
to obtain more reliable results by comparing the findings
in the course of our study.

We investigated the concentrations of pro- and anti-in-
flammatory cytokines (TNF-a, INF-y, IL-10) and the
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activity of iNOS and arginase in cervical mucus of the
pregnant women with preeclampsia and the corresponding
indicators in the healthy pregnant women, then compared
these indicators with the number of M, and M, decidual
macrophages in the placentas of the examined women.

Cytokine concentration was assessed by immune-en-
zyme assay using the standard commercial reagent Kkits
(“Vector BEST”) in accordance with the manufacturer’s
instructions.

NO-synthase activity was assessed by the difference in
nitrite concentration before and after the cervical mucus
incubation. Nitrates concentration was measured by
determining the diazo compounds yielded from the re-
action with sulfanilic acid, followed by the reaction with
a-naphthylamine (Griess-llosvay’s reagent). The activity
of the inducible form of NO-synthase was defined as the
difference between the total activity of NO-synthase and
the activity of its constitutive forms [15].

The determination of total arginase activity in cervical
mucus was based on calculating the difference in L-or-
nithine concentration before and after the incubation
in phosphate buffer solution containing L-arginine. The
L-ornithine concentration was determined by the color of
the product yielded from the reaction with Chinard reagent
in modification of V. A. Khramov [15].

Immunohistochemical study of M, and M, macrophages
was performed in placental tissue taken from sponta-
neous preterm births (or cesarean delivery) in the second
and the early phase of the third trimester of gestation by
indirect biotin-extravidin-peroxidase method on 5- 6pm
paraffin-embedded sections. The method is based on the
interaction between tissue antigen and specific antibod-
ies. Immunohistochemical study was carried out in the
pathomorphological laboratory “CSD Health Care” (Kyiv),
which is a member of the European quality control system
NordiQC.

The findings were processed by a PC “Asus F3Ke” using
the statistical program “STATISTICA” (“StatSoft Inc,
USA).

RESULTS

Studying the dynamic changes in pro-inflammatory and
anti-inflammatory cytokine profiles in physiological
pregnancy and pregnancy complicated by preeclampsia,
we have found out that pregnant women at a high risk of
preeclampsia (SG-I) showed a significant increase in the
content of pro-inflammatory cytokines INF-y and TNF-a.
The INF-y concentration in cervical mucus of SG-I was
13.06 + 0.70 pg / ml compared to 10.42 + 0.51 pg / ml in
the CG (P<0.01), and TNF-a content in the SG-I equalled
to 7.05 + 0.54 pg / ml compared to 3.40 + 0.24 pg / ml
(P<0,001) in the CG.

The pregnant women under the study demonstrated the
increase in the content of pro-inflammatory cytokines,
while the content of anti-inflammatory cytokine IL-10 sig-
nificantly reduced, reaching 6.14 + 0.19 pg / ml in the SG-I
(versus 9.56 + 0.63 pg / ml in the control group; P<0.001).
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According to the opposing changes in the content of
pro- and anti-inflammatory cytokines, the TNF-a / IL-10
coeflicient progressively went up from 0.36 + 0.02 in CG
to 1.15 + 0.06 in SG-I (P< 0.001).

We investigated the activity of iNOS and arginase in
cervical mucus in the healthy pregnant women (control
group) and in the pregnant women at high risk of preec-
lampsia who refused to take the secondary prevention
therapy we elaborated. It has been revealed that the ac-
tivity of iNOS in SG-I significantly increases (2.90 + 0.27
pumol / min / 1 g of protein in SG-I against 1.24 + 0.16
umol / min/ 1 g of protein in the control group; P<0.001).
A strong positive correlation was found between iNOS
activity and the content of pro-inflammatory cytokine
TNF-a in cervical mucus (r = 0.78; P<0.001), and a mod-
erately strong correlation was detected between iNOS
activity and the content of pro-inflammatory cytokine
INF-y (r = 0.56; P<0.01).

In contrast to the iINOS activation, the activity of arginase
in cervical mucus in the pregnant women of SG-I compared
with the control significantly diminished in 1.7 times
(1.3 £ 0.15 pmol / min / 1 g of protein in OG-I against
2.21 £ 0.19 umol / min / 1 g of protein in CG; P<0,001).
There was a negative correlation between an increase in
iNOS activity and a decrease in arginase activity in cervical
mucus in the patients of SG-I (r = -0.41; P<0.05), and a
positive correlation between a decrease in the content of
anti-inflammatory cytokine IL-10 and a decrease in argin-
ase activity in cervical mucus (r = 0.54; P <0.02).

Based on these data obtained, we can conclude that
in pregnant women with preeclampsia there appears an
imbalance between pro- and anti-inflammatory cytokines
in favour of TNF-a and INF-y, when IL-10 decreases that
in turns results in an imbalance in the activity of enzymes
regulating L-arginine metabolism, and the iNOS activity
increases. The activity of arginine significantly reduced.

Given the fact that INF-y and iNOS are involved in the
differentiation of decidual macrophages and stimulate
the M, subpopulation, while IL-10 and arginine contrib-
ute to the production of the M, subpopulation [16], and
inappropriate macrophage polarization is associated with
abnormal pregnancies [12], this raised an urgent need to
investigate the real ratio between these subpopulations of
decidual macrophages in the placentas of women who had
preeclampsia.

The findings of immunohistochemical study demonstrat-
ed that in the placentas of women with preeclampsia the
content of M, decidual macrophages was 1.7 times higher
than their number in healthy women, while the content of
M, macrophages, on the contrary, decreased in 1.5 times.
Accordingly, the M /M, ratio in patients with preeclamp-
sia significantly went up in 2.5 times (1.06 + 0.30 in the
patients with preeclampsia versus 0.42 + 0.043 in healthy
women; P<0.05).

Significant correlations were found out between the
content of M, macrophages in the placenta of the wom-
en, who had preeclampsia in the second trimester or in
the early phase of the third trimester, and the content of

pro-inflammatory cytokine INF-y (r = 0.65; P< 0.05) and
inducible NO synthase (r = 0.59; P<0.05). We also detected
significant correlations between a fall in the content of M,
macrophages in the placenta of the above mentioned wom-
en and a decrease in the content of the anti-inflammatory
cytokine IL-10 (r = 0.49; P <0.05) and a decline in arginase
activity in cervical mucus (r = 0.60; P <0.02).

That is, in contrast to the healthy pregnant women, M,
decidual macrophages (due to the INF-y stimulating effect
and inducible NO synthase activation) in the placenta
are predominant in the women with preeclampsia that
probably results in the placental dysfunction in the second
trimester and early third trimester. Such disturbances in
decidual macrophage differentiation in these time intervals
of gestation towards the M, decidual macrophages are
probably one of the pathophysiological mechanisms of
preeclampsia development.

Taking into account the findings obtained, the second-
ary preventive therapy of preeclampsia should be aimed
at restoring the correct differentiation of subpopulations
of decidual macrophages (suppression of M, phenotype
production and stimulation of M, phenotype), as well as at
enhancing blood flow in arterial uterine arteries to prevent
the intrauterive foetal hypoxia.

In order to solve these issues we applied the integrated
therapy elaborated for the following purposes: to inhibit the
differentiation of decidual macrophages into M, subpopu-
lation (metformin) [17,18], to stimulate the differentiation
of M, macrophages (vitamin D,) [19], and to improve
uterus blood circulation (corvitin) [8].

Metformin depending on the dosage inhibits the release
of pro-inflammatory cytokines IL-1p, IL-6 and TNFa in
human macrophages and endothelial cells; it also inhibits
the secretion of TNFa due to a decrease in the activity of
NF-kB (nuclear transcription factor) with a subsequent
decrease in the differentiation of decidual macrophages
into the M, subpopulation [17,18]. Metformin was pre-
scribed to be taken at a dose of 500 mg a day for a long
period, starting since the blood circulation reducing in the
placental spiral arteries, approximately 18 -20 + 6 weeks
prior the due date of labour

Vitamin D3 acts as a regulator of decidual immunity,
and the placenta is one of the main links for the extrarenal
synthesis of 1.25 [OH] 2D. It has been shown that 1.25
[OH] 2D not only promotes the differentiation of M2
macrophages, but also inhibits the differentiation of M1
macrophages [19]. We prescribed 2000 IU a day, starting
since the detection of decreased blood circulation in the
uterine spiral arteries in the placental area 18-20 + 6 weeks
prior the due date of labour.

Corvitin is a complex of quercetin (500 mg) and po-
vidone (molecular weight 7100-11000 kD, 450 mg).
Quercetin depending on the dosage increases the nitric
oxide concentration in endothelial cells that promotes the
restoration of regional blood circulation and microcircu-
lation without significant changes in vascular tone. The
medicine also inhibits the production of pro-inflammatory
cytokines IL-1b, IL-8 that reduces the imbalance between
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vasodilators and vasoconstrictors. Corvitin was adminis-
tered intravenously in a dose of 500 mg dissolved in 100
ml of saline once a day for 10 days. This therapy pattern
was repeated twice a pregnant.

In contrast to the growth in pro-inflammatory cytokine
concentration in the pregnant women of the SG-I, the par-
ticipants of the SG-II who received the course of preventive
therapy demonstrated a decrease in the concentration of
these cytokines with their approximation to the values of
the healthy women of the control group: INF-y in cervical
mucus in SG-II was 11.30 + 0.70 pg / ml against 10.42 +
0.51 pg / ml in CG (P> 0.2), and the TNF-a content in
OG-II was 4.04 + 0.82 pg / ml compared to the value of
3,40 + 0,24 pg / ml in the control group (P> 0,1). Moreover,
the concentration of anti-inflammatory cytokine IL-10 in
SG-II significantly grew, reaching the value of 8.93 + 0.54
pg / ml compared to the value of 9.56 + 0.63 in healthy
pregnant women (P> 0.2). The coefficient of TNF-a / IL-
10 in SG-II decreased significantly compared with that in
SG-1(0.45 +0.10 vs. 1.15 + 0.06; P <0.001).

The women of SG-II demonstrated the normalized of
the balance between iNOS and arginase activity. These
values approached those of the control group: iNOS was
1.24 + 0.16 umol / min / 1 g of protein in CG and 1.51 +
0.20 pmol / min / 1 g of protein in SG-II, P> 0, 2, arginase
was 2.21 + 0.19 umol / min / 1 g protein and 2.09 + 0.21
pmol / min / 1 g protein, respectively; P> 0.5.

Having analyzed the findings obtained on completion
of the preventive therapy, we found out the placentas of
women in SG-II, who took the therapy, the content of M,
decidual macrophages lowered in 1.35 times compared
with the women of OG-I (69.4 + 5.0/ 10 fields of vision in
SG-II compared with 94.2 + 5.2/ 10 fields of vision in SG-I;
P<0.002), approaching the values in the healthy pregnant
women (56.5 + 4.5 / 10 fields of vision; P> 0.05). The con-
tent of M, macrophages, on the contrary, increased in 1.4
times (123.7 £ 7.1 / 10 fields of vision in SG-II compared
with 88.6 + 6.7 / 10 fields of vision in SG-I; P<0.002), and
approached the values in the healthy pregnant women
(135.0 + 6.4/ 10 fields of vision; P> 0.2). Accordingly, the
ratio of M, / M, in the pregnant women SG-II significantly
decreased to 0.56 + 0.06, approaching that of the control
group: 0.42 + 0.043, P> 0.05 with a value of 1.06 + 0.2
(P<0.05) in SG-1.

DISCUSSION

Summarizing the results of the study, it can be argued that

in pregnant women with the manifestation of preeclampsia

the following dysregulatory features of immunity were
revealed:

« significantly increased levels of pro-inflammatory cyto-
kines INF-y and TNF-a with a significant decrease in the
concentration of anti-inflammatory cytokine IL-10; such
changes contribute to the inability of trophoblast cells to
provide an adequate invasion in the spiral arteries of the
uterus with the subsequent development of endothelial
dysfunction in such women [8,9];
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« imbalance of pro- and anti-inflammatory cytokines leads

to an imbalance of enzymes that regulate L-arginine

metabolism, with an increase in iNOS activity and a

significant decrease in arginase activity [13,15];

decidual macrophages of the M 1 subpopulation dominate

in the placenta (due to the stimulating effect of INF-y and
activation of inducible NO synthase), which causes pla-
cental dysfunction in the second and early third trimester
of pregnancy (because activated M1 macrophages cause

cytotoxic effects on placental tissue). [11,16];

there is a non-physiological decrease in the subpopu-

lation of M2 in the placenta during pregnancy, which

causes more frequent complications of pregnancy and

childbirth [1,9,16]).

The application of our proposed method for secondary

prevention of preeclampsia in pregnant women at high risk

for this disease (metformin, vitamin D, corvitin) has led
to significant positive changes in the immune system with

a corresponding improvement in clinical consequences:

« there was a decrease in the concentration of pro-inflam-
matory cytokines (INF-y and TNF-a) and an increase in
the concentration of anti-inflammatory cytokine IL-10 in
cervical mucus in the main group II with a corresponding
decrease in the ratio of TNF-a / IL-10; and these indica-
tors approached those in the control group;

« normalization of the balance of iNOS and arginase
activity was observed in women of the main group II,
taking our recommended medications; these indicators
approached those in the control group;

« the content of decidual macrophages of the M1 phenotype
decreased by 1.4 times as compared to women in the main
group I, approaching that in healthy pregnant women;
the content of macrophages of the M2 phenotype, on the
contrary, increased by 1.4 times, also approaching the
level of healthy pregnant women.

Thus, we can suggest that the therapy we applied prevented
circulatory disorders in the uterine-placental system, re-
duced the incidence of preeclampsia in 1.4 times and the
incidence of severe preeclampsia in 2.6 times, significantly
diminished the incidence of pregnancy complications as-
sociated with preeclampsia including a 2.2-fold decrease
in the frequency of premature births. Perinatal mortality
lessened from 62.5 %o in SG-I to 33.9 %o SO-II; neonatal
asphyxia lowered to 4-fold less incidence; the cases of ex-
tremely low birth weight went down in 2.1 times.

CONCLUSIONS

1. Pregnant women with preeclampsia demonstrate im-
balance between pro- and anti-inflammatory cytokines
in favour of TNF-a and INF-y under the decrease in IL-
10 that results in an imbalance in the activity of enzymes
regulating L-arginine metabolism, with increased iNOS
activity and decreased arginine activity.

2. In the placentas of the pregnant women with pre-
eclampsia in contrast to the healthy pregnant women,
M, decidual macrophages are found as predominant,
while the content of M, macrophages, on the contrary,
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decreases in 1.5 times. Such dominance of decidual
macrophages of the M, subpopulation (due to the INF-y
stimulating effect and of inducible NO synthase activa-
tion) can likely cause placental dysfunction during the
pregnancy.

The women of SG-II, who received the course of the
preventive therapy with metformin, vitamin D3 and
corvitin, showed a decline in the concentration of
pro-inflammatory cytokines and an increase in an-
ti-inflammatory cytokine IL-10, normalization of the
balance between iNOS and arginase activity, and the
normalization of the M, / M, macrophages ratio.

It has been clinically proved that the preventive thera-
py with metformin, vitamin D3 and corvitin prevents
circulatory disorders in the uterine-placental system,
reduces the incidence of preeclampsia and pregnancy
complications associated with preeclampsia, and lessens
perinatal mortality and the incidence of neonatal as-

phyxia.

Prospects for further research: to investigate the morpho-

logical mechanisms of the adverse effect of M

decidual

1

macrophages on the placental function in the second and
the early third trimester of pregnancy in women with
preeclampsia.
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