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EVALUATION OF NITRIC OXIDE SYNTHASE LEVELS
IN WOMEN WITH HYPERTENSIVE DISORDERS DURING PREGNANCY

Actuality. Preeclampsia (PE) is a polyetiological hypertensive disorder (HD) that develops in women after the 20th week of
pregnancy. It is characterized by elevated blood pressure and proteinuria. This condition adversely affects the health of both the mother
and the fetus and can lead to various complications. Despite numerous studies, the pathogenesis of PE remains poorly understood.
However, there is compelling evidence that endothelial dysfunction (ED) and endotheliosis (ES) play significant roles in its development.
ED impairs the vessels’ ability to relax, while ES damages the structure of the endothelium. Both conditions are interrelated in the
pathogenesis of PE. Nitric oxide (NO) is a crucial factor in the regulation of vascular tone, and its synthesis is controlled by the enzyme
called endothelial NO-synthase (eNOS). In the context of PE, decreased enzyme activity can lead to reduced NO synthesis. This, in turn,
impairs the relaxation of the vascular wall and contributes to the development of ED. Although the role of eNOS in the pathogenesis of
PE is currently under debate, measuring its concentration could be clinically relevant for women with HD.

The aim of the research. To evaluate the level of endothelial NO-synthase in women with hypertensive disorders during pregnancy.

Materials and methods. Sixty-five women in the 3rd trimester of pregnancy, who were registered in the Advisory and Diagnostic
Department of the Communal Non-profit Enterprise «Regional Perinatal Centery of the Zaporizhzhia Regional Council, participated
in the study. The main group consisted of 35 women with singleton pregnancies, the course of which was complicated by gestational
hypertension without significant proteinuria (GH), moderate or severe preeclampsia (PE). The control group consisted of 30 women
with singleton pregnancies, the course of which was uncomplicated and concluded with physiological delivery. All pregnant women
had their serum eNOS concentration measured by enzyme-linked immunosorbent assay (ELISA).

Research results. According to the study results, the average eNOS concentration in the main group was 414.44+20.06 pg/ml
(o = 118.69), while in the control group it was 1347.21+72.05 pg/ml (6 = 394.61). This difference is statistically significant (p < 0.001).
Correlation analysis revealed an inverse relationship between the eNOS level and the severity of PE (p = -0.581, p < 0.001).

Conclusions. The level of eNOS in the peripheral blood serum of women whose pregnancy was complicated by hypertensive
disorders was significantly lower compared to that in pregnant women without hypertensive disorders (p < 0.001). The average eNOS
concentration in pregnant women with clinical manifestations of hypertensive disorders was 414.44+20.06 pg/ml. This was more than
three times lower than the corresponding level in pregnant women without clinical manifestations, which was 1347.21£72.05 pg/ml.
According to the results of the correlation analysis, an inverse relationship was established between the level of eNOS and the severity
of hypertensive disorders (p =-0.581, p < 0.001).

Key words: eNOS, endothelial dysfunction, endothelial NO synthase, endotheliosis, gestational hypertension, hypertensive
disorders, nitric oxide, NO, pregnancy, preeclampsia.
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OIIHIOBAHHS PIBHA EHIOTEJIAJBHOI NO-CUHTA3H
Y KIHOK 3 T'IHEPTEH3UBHUMHU PO3JTAJAMMU ITIJ YAC BAT'ITHOCTI

Axmyanvuicms. [Ipeexnamncisn (IIE) — ye noniemionociunuil einepmensusnuii poznad (I'P), axuil po36ueacmvcs y HCIHOK NiCs
20-20 muodicus eacimmocmi i NPOABIAEMbCA NIOBUWEHHAM apmMepianbHO20 MUCKY ma npomeinypiio. Lleil cman necamugno eniusac na
cmam 300p08’ss mamepi i n100a ma modice npu3eo0UmU 00 po36UMKY PISHOMAHIMHUX YcKAaoHens. Hesgadicaiouu na eenuxy KinbKicmo
@ynoamenmanvHux 0ocnioxHcens, namozenes pozeumxy IE na cbo200Hiumil 0enb 3a1uuaemscs OCMamoyto e 3 ACO8aHUM, aie ICHY-
10me HAOTiHI ceiduenns, wo enoomeniarvha oucynxyis (EN]) ma endomenios (E3) sidiepatoms sasicausy pons y nvomy. Ipoyecu EJ]
SHUACYIOMb 30amMHICTb CYouH 00 peraxcayii, a E3 nowxodocye cmpykmypy endomenito. O6uosa yi cmanu 63a€mo0itoms y namoeenesi
I1E. Okcuo azomy (NO) € éasxcnueum ¢hpakmopom y pe2yiayii CYOUHHO20 MOHYCY, a 1020 CUHME3 KOHMPOIOEMbCS (DEPMEHMOM eHOO0-
menianvna NO-cunmasa (eNOS). ¥V konmexcmi namozenesy I1E 3uusicents akmugnocmi pepmenmy modice npuzeecnu 00 3MeHUeHH s
cunmesy NO, wo, y c6010 uepey 8UKIUKAE NOPYUIEHHA pelakcayii cyOunHoi cminku ma éede 0o pozeumky E/l. Xoua na cvo2o0ui icnye
ouckycis npo pons eNOS y namoeenesi [1E, susnauenns 11020 KoHyenmpayii moxce 6ymu KAiHiYHO OOYLIbHUM Oist #CiHOK 3 P,

Mema oocnioxncenna. Jlamu oyinxy pieus eNOS' y Jcinox 3 cinepmen3usHuMu po3nadamu nio 4ac 6azimHocmi.

Mamepianu ma memoou. Y Ooocnidocenni 63a1u yuacmv 65 owcinok 6 Il mpumecmpi eacimnocmi, aKi 3HAX0OUNUCH HA 0OIIKY
6 KOHCYIbIMAamueHo-0lacHocmudHomy 6i0oinenni Komynanonozo nekomepyitinozo nionpuemcmea « Oonacnuil nepunamanbHuil Yyenmp»
3anopisvkoi obnacnoi paou. Ocnogna epyna ckaadanacs 3 35 JciHOK, 3 00HONAIOHOIO 8acimuicmio, nepedie sKoi 6y8 yCK1aoHeHull
eecmayitinoro einepmensicio Oe3 snaunoi npomeinypii (I'T), nomipnoro abo eascxoio I1E. Konmponvna epyna ckaradanaca 3 30 scinox
3 OOHONNIOHOIO 6acimHuicmio, nepedie AKoi He OYI0 YCKIAOHEHO, | KA 3a6epuunacy Qizionociunumu noiozamu. Beim eazimuum 6yno
nposedeno susnauenns konyenmpayii eNOS'y cuposamyi kpogi waxom ¢hepmenmnozo imynogpepmenmmoco ananiz (ELISA).

Pesynomamu 0ocniosycenna. 3a pesynomamamu npo8edeH020 00CHIONCEHH 6CMAHOBIEHO, WO CePeOHE SHAUEeHHS KOHYEeHMpayii
eNOS y ocnosniil epyni canosuno 414.44+20.06 ne/mn (o = 118.69), a y konmponvuii epyni — 1347.21+£72.05 ne/mn (o = 394.61). s
siominnicme € cmamucmuuno snayumoio (p < 0,001). Kopenayiinuii ananiz susagus 36opommuii 36 130k migic pisnem eNOS ma cmyne-
nem masexocmi IE (p =-0.581, p < 0.001).

Bucnoexu. Pisenv eNOS y cuposamyi nepugepuunoi Kpogi JHciHOK, 8a2imuicme sSKux 0y1a yCKAAOHeHa 2inepmeH3ueHUMU PO3/id-
damu 6y8 00CmMOBIpHO HUdCHUM Y NOPIBHANHI 3 sacimnumu Oe3 einepmenzusnux posnadis (p < 0,001). Cepeoniti nokasHux KonyeHmpa-
yii eNOS 'y sazimuux 3 KIiHIYHUMU NPOABAMU 2iNePIMEH3UBHUX PO31adie cmanosus 414.44+20.06 ne/mn, wo 6y10 6 mpu pasu HUACHUM
3a 8IONOBIOHUIL NOKAZHUK Y 6a2IMHUX 0e3 KIIHIYHUX nposasie — 1347.21+72.05 ne/mn. 32i0no 3 pezyriomamamu KOpersyitino2o anauisy
midie pisnem eNOS ma cmynenem majickocmi 2inepmen3ugHUX po3naodie 6CMmano8ieHo 36opomnull 36’130k (p = -0.581, p < 0.001).

Knrwuoei cnosa: sazimuicme, cinepmensusHi po3nau, cecmayiina cinepmensisa, eHOOMeniaibHa OUCHYHKYIA, eHOomeniaibHa
NO-cunmasa, endomenios, oxcuo azomy, npeexniamncis, eNOS, NO.

Introduction. Actuality. Preeclampsia (PE) is a
multifactorial hypertensive disorder (HD) that occurs
in pregnant women after 20 weeks of gestation and is
characterized by the presence of elevated blood pressure
and proteinuria (ACOG, 2020). This condition poses
significant risks for both the mother and the fetus because

®diroTepanis. Yaconuc

it can lead to serious complications, such as severe
disruptions in utero-fetal-placental hemodynamics, fetal
growth restriction, premature birth, severe multiple
organ failure, and in extreme cases, the development of
eclamptic attacks, and even death for both the mother
and the fetus (Poon et al, 2019).
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Despite the numerous fundamental studies, the
pathogenesis of PE remains uncertain today. According
to existing studies, there is no doubt that endothelial
dysfunction (ED) and endotheliosis (ES) play significant
roles in its development. ED is a functional disorder
characterized by a reduced ability of vessels to relax
and results from an imbalance between vasodilating and
vasoconstricting factors produced by the endothelium
(Joyner, 2018). In turn, ES is a pathological condition
directly characterized by structural damage to the
endothelium. It manifests as thickening of vessel walls,
deterioration of wvascular tone, increased vascular
permeability, and thrombus formation (Schuster et al,
2021). Both conditions can coexist and interact in the
pathogenesis of diseases like PE.

Nitric oxide (NO) is one of the important vasodilating
factors that ensure endothelial relaxation and the
regulation of vasomotor tone. It also has pronounced
antioxidant and anti-inflammatory effects (Pautz et al,
2021). Some studies link the development of ED and
ES to oxidative stress (OS), which manifests as an
increase in the production of reactive oxygen species
(ROS) and nitrogen species (RNS). An excess of these
species can disrupt interactions between endothelial
cells and activate proliferation and inflammation
processes. This disruption hinders the synthesis and
action of vasodilating factors like NO, leading to
increased synthesis of vasoconstrictors (Aouache et al,
2018). These changes contribute to vasoconstriction,
impaired blood flow, and are typical manifestations of
ED. Additionally, ROS and RNS can directly damage
endothelial cells, causing apoptosis and thus becoming
one of the contributing factors to the occurrence of ES
itself [Belenichev et al, 2015; Chen et al, 2017).

Endothelial NO-synthase (eNOS) is one of the
enzymes responsible for NO synthesis. There is
evidence of a significant decrease in the levels of eNOS
and NO in the placenta of women who suffered from
PE during pregnancy (Kim et al, 2018; Motta-Mejia
et al, 2017). According to some studies, changes in
the concentration of eNOS may be associated with a
decrease in the enzyme’s expression or an alteration
in its phosphorylation due to the overproduction of
soluble tyrosine kinase-1 (sFlt-1) (Viveka et al, 2021).
In the context of the pathogenesis of PE, a decrease in
enzyme activity, attributed to reduced concentration, can
lead to decreased NO synthesis. This, in turn, impairs
the relaxation of the vascular wall and contributes to the
development of ED (Boulanger et al, 2019; Shaheen et
al, 2021). Additionally, a low concentration of eNOS can
contribute to the intensification of OS and the associated
phenomenon of damage to endothelial cells, as well as
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the development of ES. These phenomena can lead to
vascular disorders and hypertension, symptoms that are
characteristic of PE (Melchiorre et al, 2022).

There are several studies that show the concentration
of eNOS in peripheral blood can be significantly reduced
inpregnant women with PE compared to healthy pregnant
women. This reduction may be associated with ED,
leading to impaired synthesis and release of NO, which
may contribute to the development of hypertension and
other vascular disorders characteristic of this condition
(Guerby et al, 2019; Guerby et al, 2021; Shaheen et al,
2020). However, some studies have not confirmed such
a connection. According to these studies, no significant
differences in eNOS concentration levels were detected
between similar groups of pregnant women. This
inconsistency may be due to elevated levels of NO in the
blood of PE patients, potentially caused by the activation
of other pathways for NO synthesis, aside from eNOS
(Dymara-Konopka et al, 2019).

Thus, the concentration of eNOS in peripheral blood
may be associated with the clinical manifestations of
PE, indicating the feasibility of its determination in this
group of women.

The aim of the research. To evaluate the level of
endothelial NO-synthase in women with hypertensive
disorders during pregnancy.

Materials and methods. Sixty-five women in the
3rd trimester of pregnancy, who were registered in the
Advisory and Diagnostic Department of the Communal
Non-profit Enterprise «Regional Perinatal Center»
of the Zaporizhzhia Regional Council, participated
in the study.

The main group consisted of 35 women with
a singleton pregnancy, the course of which was
complicated by gestational hypertension without
significant proteinuria (GH), moderate or severe PE. The
diagnosis was established in accordance with the current
clinical guidelines of the Ministry of Health of Ukraine.
Criteria for establishing diagnoses: GH - arterial
hypertension (AH) (systolic pressure > 140 mm Hg and
diastolic pressure > 90 mm Hg), which occurred after
20 weeks of pregnancy without pathological proteinuria
or other organic disorders, and blood pressure
normalizes during the 6 weeks of the postpartum period.
GH can progress to PE. Moderate PE is a multi-systemic
syndrome manifested after 20 weeks of pregnancy by
an increase in blood pressure in the range of: systolic
pressure — 140-159 mm Hg, diastolic pressure —90-109 mm
Hg and proteinuria. Severe PE is defined as severe
hypertension (systolic pressure > 160 mm Hg or diastolic
pressure > 110 mm Hg) and proteinuria, or hypertension
of any degree and one or more of the following
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symptoms: severe headache; visual impairment; edema
of the optic disc; pain in the epigastric region, nausea or
vomiting; pain in the right hypochondrium or tenderness
on palpation of the liver; increased tendon reflexes;
generalized edema; oliguria (diuresis < 0.5 ml/kg/hour);
the number of platelets is below 100 x 10%1; increased
level of transaminases (AST and/or ALT > 70 [U/1); fetal
growth restriction (Ministry of Health of Ukraine, 2022).

Exclusion criteria from the main group: multiple
pregnancy; chronic arterial hypertension; type 1 or
type 2 diabetes; acute kidney diseases and chronic
kidney failure; autoimmune diseases (systemic
lupus erythematosus or antiphospholipid syndrome);
pregnancy due to assisted reproductive technologies;
concomitant severe gynecological pathology; severe
extragenital pathology (EGP).

The control group consisted of 30 women with
a singleton pregnancy in whom no hypertensive
complications were noted, and their course and delivery
were physiological (Ministry of Health of Ukraine, 2022).

The average examination term was 29.94+0.24 weeks
(o = 1.39) in the main group and 29.40+0.23 weeks
(o = 1.25) in the control group, with no statistically
significant difference (p > 0.05). The average age of
pregnant women was 30.31+£0.96 years in the main
group and 28.5340.80 years in the control group, and the
difference was not statistically significant (p > 0.05). Based
on anamnestic data, no statistically significant differences
were found between the main and control groups in terms
of social and professional status (p > 0.05).

In both study groups, obstetric history, concomitant
diseases, and the course of current and previous
pregnancies were considered. All subjects also
underwent a comprehensive clinical and biochemical
examination, including the determination of serum eNOS
concentration using enzyme-linked immunosorbent
assay (ELISA).

Ultrasound examinations were performed using
the “MyLab50” device (“Esaote”, Italy) with Doppler
to assess condition of the fetus and feto-placental
hemodynamics.

All subjects gave birth at the Communal Non-
profit Enterprise “Regional Perinatal Center” of the
Zaporizhzhya Regional Council. Management and
delivery for the women in the studied groups were
conducted in accordance with the current guidelines from
the Ministry of Health of Ukraine. Initial assessments
of the newborns, early physiological adaptation and
medical care were administered in compliance with
these guidelines. All newborns were evaluated using the
Apgar scale, and the degree of respiratory failure was
determined based on the Downes scale.
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The research adheres to modern ethical and
moral guidelines, including the International Council
for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) and Good Clinical
Practice (GCP), the Declaration of Helsinki (1964), and
the Conference of the Council of Europe on Human
Rights and Biomedicine, as well as current legislative
acts of Ukraine. All women provided informed consent
to participate in the study.

Statistical data analysis was conducted using licensed
software packages Microsoft Excel and STATISTICA 13.
The hypothesis about the normal distribution of the
studied variables was tested with the Shapiro-Wilk test.
The statistical significance of differences was assessed
using the Student’s t-test for independent samples and
the non-parametric Mann-Whitney U-test. Pearson’s
Chi-square test was used for categorical variables within
groups. Spearman’s correlation coefficient was utilized
for calculating correlations.

Research results. According to medical history
data, 31.43% of participants in the main group were
experiencing their first pregnancy, compared to 56.67%
in the control group. This difference was not statistically
significant (p > 0.05). In the main group, 60% of women
were expecting their first child, compared to 66,67% in
the control group; this difference was also not statistically
significant (p > 0.05).

All women in the main group experienced elevated blood
pressure. The average time at which elevated blood pressure
was first noted was 30.71+0.82 weeks (o =4.84). No cases of
hypertension were observed in the control group.

According to the study results, the distribution of the
severity HD in the main group was as follows: GH was
observed in 31.43% of the participants, moderate PE in
42.86%, and severe PE in the remaining 25.71% (Fig. 1).
DO Gestational

Hypertension
BModerate
Preeclampsia

W Severe Preeclampsia

Fig. 1. Distribution of severity of hypertensive
disorders in the main group
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The average systolic blood pressure in the main
group was 155.14+2.47 mm Hg (o = 14.63), compared
to 111.67£1.5 mm Hg in the control group (c = 8.24).
This difference was statistically significant (p < 0.001).
The average diastolic blood pressure in the main group
was 101.71+1.04 mm Hg (o6 = 6.18), compared to
70.17+1.6 mm Hg in the control group (o = 8.76). This
difference was also statistically significant (p < 0.001).
The average level of proteinuria in the main group was
1.7120.33 g/l (6 = 1.94), compared to 0.0093+0.0108 g/1
in the control group (c = 0.01). The difference between
the groups was statistically significant (p < 0.001).

The analysis of the research data revealed the
presence of various forms of EGP in all pregnant women
in the main group, compared to 43.33% in the control
group — a difference that was statistically significant
(p <0.001). Importantly, a moderate positive correlation
was found between the presence of EGP and the severity
of PE (p =0.591, p < 0.001).

HD during previous pregnancies were observed in
34.29% of women in the main group; no such cases were
found in the control group.

Regarding the course of pregnancy, threatened
abortion was recorded in 17.14% of women in the main
group and in 3.33% in the control group; this difference
was not statistically significant (p > 0.05). Cervical
insufficiency was noted in 5.71% of women in the main
group and 3.33% in the control group (p > 0.05). The
threat of premature birth was seen 2.89 times more

Fetal growth restriction (FGR)
37,14

3,33
Fetoplacental circulation disorders (FCD) —‘
75,50

Threat of premature birth

77,14

Cervical insufficiency

Fig. 2. Characterization of the course of pregnancy
in the study groups
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frequently in the main group (77.14%) compared to the
control group (26,67%), a difference that was statistically
significant (p < 0.05).

Fetoplacental circulation disorders (FCD) were
recorded in 80% of cases in the main group. In contrast,
such conditions were noted in only 3.33% of cases in
the control group, a difference that was statistically
significant (p < 0.001). Fetal growth restriction (FGR)
was observed in 37.14% of pregnant women in the main
group and in 3.33% in the control group; this difference
was also statistically significant (p < 0.05) (Fig. 2).

According to the results of the immunoenzymatic
analysis conducted using the ELISA, the average
concentration of eNOS in the main group was
414.44420.06 pg/ml (¢ = 118.69), while in the
control group, the average eNOS concentration
was  approximately  three times  higher, at
1347.21£72.05 pg/ml (¢ = 394.61). This difference was
statistically significant (p < 0.001) (fig. 3).

Correlation analysis revealed an inverse relationship
between the level of eNOS and the severity of PE
(p=-0.581,p<0.001).

Discussion. The conducted study demonstrates a
statistically significant decrease (p<0.001) in eNOS levels
in women with hypertensive disorders during pregnancy
compared to the control group. This observation supports
the hypothesis that the concentration and activity of
eNOS play an important role in the pathogenesis of
hypertensive states in pregnant women, aligning with
the findings of several similar studies. For instance,
KimSS. etal. highlightthe molecularmechanismsregulating
eNOS synthesis (Kim et al, 2018). Their research focuses
on the role of inflammatory cytokines, particularly TNFa,
whose activity contributes to the increased concentration
of microRNA-31-5p, leading to a decrease in the mRNA
stability of the enzyme and causing post-transcriptional
reduction in the concentration and activity of eNOS.
While our study concentrates on the clinical aspects of the
consequences of reducing this enzyme’s concentration,
both studies can complement each other.

It should be noted that the study by Laskowska M.
et al.,, similar to ours, focused on the enzyme’s
concentration in maternal peripheral blood, showed no
significant differences in eNOS levels between pregnant
women with hypertensive disorders and uncomplicated
pregnancies. However, this study found increased levels
of asymmetric dimethylarginine (ADMA) in this group.
This may indicate that the mechanisms behind the
development of endothelial dysfunction and hypertensive
disorders during pregnancy are multifactorial, and
various biochemical pathways can lead to reduced NO
bioavailability (Dymara-Konopka et al, 2019).
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Fig. 3. Average value of eNOS concentration in study groups

Our study identified an inverse correlation between
the level of eNOS and the severity of hypertensive
disorders, suggesting the potential role of eNOS as a
marker in the diagnosis of hypertensive disorders in
pregnancy. This is supported by the results of other
studies, which also showed a relationship between
decreased NO bioavailability and increased blood
pressure in pregnant women.

The results of our study highlight the role of
eNOS in the pathogenesis of hypertensive disorders
during pregnancy, yet emphasize the need for further
comprehensive research to develop effective prevention
and treatment strategies for this complication.

Conclusions

The course of pregnancy in women with
hypertensive disorders is characterized by a
statistically significant decrease in the level of
endothelial Nitric Oxide Synthase (eNOS) compared
to pregnant women without hypertensive disorders
(p < 0.001). The average concentration of eNOS in
the main group, consisting of pregnant women with
clinical manifestations of hypertensive disorders, was
414.44+20.06 pg/ml. Thiswasthreetimeslowerthanthe

corresponding level in the control group of pregnant
women without clinical manifestations of hypertensive
disorders, which was 1347.21+£72.05 pg/ml.
These findings are further supported by correlation
analysis, which reveals a significant relationship
between the level of eNOS and the severity of
hypertensive disorders (p =-0.581, p < 0.001)

Prospects for further research. In the further
development of this research, it appears promising to
deepentheunderstanding ofthe pathogeneticmechanisms
of preeclampsia, with a focus on the significance
of oxidative and nitrosative stress. It is essential to
thoroughly investigate how the imbalance between
pro-oxidants and antioxidants, along with changes
in the concentration of nitrosylated proteins, affects
endothelial function, contributing to the development of
hypertensive conditions during pregnancy.

Funding. The study is a fragment of scientific
research work of Zaporizhzhia State Medical and
Pharmaceutical University on the topic “Prediction and
prevention of gestation complications in women with
comorbid states”, state registration No. 01210112325
(2021-2025).
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