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The aim. To evaluate nitric oxide system parameters in pregnant women with hypertensive disorders by as-

sessing the levels of stable NO metabolites and the activity of endothelial NO synthase. 

Materials and methods. A prospective controlled study included 65 pregnant women in the third trimester of 

pregnancy. The main group comprised 35 patients with gestational hypertension or preeclampsia, while the con-

trol group included 30 women with physiological pregnancies. Endothelial NO synthase (eNOS) activity was as-

sessed spectrophotometrically by the stoichiometric oxidation of NADPH during the conversion of L-arginine to 

NO. The concentration of stable NO metabolites: nitrates and nitrites (NOx) was determined spectrophotometri-

cally using the Griess reagent with preliminary reduction of nitrates to nitrites. For statistical analysis, the 

Mann-Whitney U test and Spearman’s rank correlation coefficient were applied. 

Results. In women with hypertensive disorders, eNOS activity was more than 3.5 times lower compared to the 

control group: 16.70 [16.10-17.60] vs. 60.45 [59.55-62.25] nmol/mg protein/min (p < 0.05). The NOx concen-

tration was also nearly halved: 18.60 [17.80-19.25] vs. 34.80 [32.90-36.80] µmol/L (p < 0.05). A positive corre-

lation was found between eNOS activity and NOx concentration (ρ = 0.72; p < 0.05), confirming their physio-

logical interrelation. 

Conclusions. Pregnant women with hypertensive disorders demonstrated a marked decrease in eNOS activity 

and stable NO metabolite levels, indicating significantly reduced NO bioavailability. These findings are con-

sistent with current concepts regarding the role of endothelial dysfunction and oxidative stress in the pathogene-

sis of preeclampsia. Assessment of these biomarkers may have promising value for early diagnosis, prognosis of 

pregnancy complications, and may provide a rationale for novel preventive strategies 
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1. Introduction 

Hypertensive disorders of pregnancy (HDP) re-

main a major challenge in modern obstetrics and are 

among the leading causes of maternal and perinatal mor-

bidity and mortality [1]. The most common and clinically 

severe form of HDP is preeclampsia (PE), a condition 

characterized by complex pathophysiology and a pro-

found impact on pregnancy outcomes [2]. 

According to several studies, abnormal placenta-

tion is considered a key pathogenic mechanism underly-

ing PE. Insufficient trophoblast invasion of the spiral 

arteries and incomplete remodelling of the uteroplacental 

circulation result in impaired placental capacity to sup-

port adequate maternal-fetal exchange [3]. These altera-

tions lead to hypoxia and ischemia of placental tissues, 

accompanied by excessive generation of reactive oxygen 

species (ROS) and the development of oxidative stress 

(OS). OS further aggravates placental injury and contrib-

utes to endothelial dysfunction, which is regarded as one 

of the central features of PE [4]. One of the main factors 

contributing to abnormal placentation and endothelial 

dysfunction in PE is the reduced bioavailability of nitric 

oxide (NO), a key vasodilator and regulator of arterial 

pressure in the placenta. Physiological pregnancy is as-

sociated with systemic vasodilation, largely mediated by 

NO, whose role is essential for maintaining effective 

vascular function throughout gestation [5]. 

NO is a signalling molecule with a broad range of 

physiological functions, including regulation of vascular 

tone and vasodilation, long-term potentiation of synaptic 

transmission, which underlies memory and learning in 

the central nervous system, as well as modulation of 

immune responses [6]. 

NO is synthesized by enzymes of the nitric oxide 

synthase (NOS) family, comprising three main isoforms: 

neuronal NOS (nNOS), endothelial NOS (eNOS), and 
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inducible NOS (iNOS) [6, 7]. While iNOS is predomi-

nantly induced in immune cells and produces large 

amounts of NO over prolonged periods, eNOS and 

nNOS, in contrast, generate moderate amounts of NO, 

which primarily serve regulatory and signalling func-

tions. An important feature of NOS enzymes is their abil-

ity, under certain conditions, to switch enzymatic activity, 

producing superoxide anion instead of NO, thereby reduc-

ing NO bioavailability and enhancing OS [7]. 

In the endothelium and placenta, NO synthesis is 

mediated by the endothelial isoform eNOS, which con-

fers vasorelaxant and anti-aggregatory properties to the 

vascular wall. Moreover, eNOS plays a crucial role in 

placentation by promoting the synthesis of vascular en-

dothelial growth factor (VEGF), essential for adequate 

placental vascularization [8]. 

Adequate NO bioavailability is considered a criti-

cal factor in pregnancy biology, as it ensures normal 

vascular tone and sufficient fetoplacental blood flow [9]. 

In PE, a marked decrease in NO levels and impaired 

regulation of its synthesis are observed, contributing to 

vascular dysfunction and hypertension [5]. 

One of the main drivers of this reduction is OS, 

which inhibits eNOS activity and facilitates the for-

mation of peroxynitrite, further damaging the endotheli-

um [4]. The generation of peroxynitrite is regarded as a 

key mechanism linking OS, NO deficiency, and progres-

sion of vascular complications in PE [4]. 

Thus, NO deficiency and decreased eNOS activity 

play a pivotal role in the development of endothelial 

dysfunction in preeclampsia, thereby influencing the 

clinical course of this complication [5]. 

Objective. To evaluate the parameters of the ni-

tric oxide system in pregnant women with hypertensive 

disorders by assessing the levels of stable NO metabo-

lites and the activity of endothelial NO synthase. 

 

2. Materials and Methods 

This prospective controlled observational study, 

conducted from 2020 to 2023, included 65 pregnant 

women in the third trimester, followed up at the Consul-

tative and Diagnostic Department of the Communal Non-

Commercial Enterprise «Regional Perinatal Center» of 

the Zaporizhzhia Regional Council. The study group 

comprised 35 women with singleton pregnancies compli-

cated by gestational hypertension (GH) or PE of moder-

ate or severe forms, diagnosed according to the current 

unified clinical guidelines of the Ministry of Health of 

Ukraine. The control group consisted of 30 women with 

uncomplicated singleton pregnancies [10, 11]. 

The median gestational age at examination was 30 

[29–31] weeks in the HDP group and 29 [28–30] weeks 

in the control group. The mean age of participants was 31 

[27–34] years in the study group and 28 [25–32] years in 

the control group, with no statistically significant differ-

ences between groups (p > 0.05). No significant differ-

ences were observed in social or occupational back-

ground (p > 0.05). 

Blood plasma was analyzed for NO system pa-

rameters: eNOS activity and the concentration of stable 

NO metabolites: nitrates and nitrites (NOx). eNOS ac-

tivity was determined spectrophotometrically by measur-

ing the stoichiometric oxidation of NADPH during the 

conversion of L-arginine to NO. The decrease in 

NADPH concentration was monitored by measuring the 

reduction in optical density at 340 nm over a 4-minute 

period. To confirm specificity, the NOS inhibitor N-

nitro-L-arginine (1 mM) was added. Results were ex-

pressed as nmol/mg protein/min. The concentration of 

NOx was measured spectrophotometrically using the 

Griess reagent, based on azo compound formation from 

the interaction of nitrite ions with naphthyl acetate and 

sulfanilic acid in an alkaline medium. For quantitative 

assessment of nitrates, they were first reduced to nitrites 

using nitrate reductase. Optical density was measured at 

540 nm, and results were expressed in μmol/L [12]. 

Laboratory analyses were performed at the Educa-

tional and Scientific Medical Laboratory Center with 

vivarium, Zaporizhzhia State Medical and Pharmaceuti-

cal University. All measurements were conducted on 

certified equipment in accordance with validated labora-

tory protocols. 

The study was conducted in accordance with 

ICH/GCP requirements, the Declaration of Helsinki (1964, 

as amended), the Council of Europe Convention on Hu-

man Rights and Biomedicine, and applicable Ukrainian 

legislation. Written informed consent was obtained from 

all participants. The protocol was approved by the Bioeth-

ics Committee of Zaporizhzhia State Medical University 

(Protocol No. 1, meeting of January 14, 2020). Za-

porizhzhia State Medical University existed until  

31 March 2023 and was subsequently reorganized as Za-

porizhzhia State Medical and Pharmaceutical University. 

Statistical analysis was performed using Microsoft 

Excel and STATISTICA 13. The Shapiro-Wilk test was 

used to assess data distribution. Intergroup comparisons 

were performed with the Mann-Whitney U test, and 

Spearman’s correlation coefficient was applied to evalu-

ate associations between variables. 

 

3. Results 

The present study evaluated plasma eNOS activity 

and NOx concentration in pregnant women with HDP 

compared with controls with uncomplicated pregnancies. 

Comparative analysis revealed significant intergroup 

differences (Table 1). 

 

Table 1 

Comparative analysis of eNOS and NOx levels in pregnant women with HDP and in the control group 

Marker Study group (n=35) Control group (n=30) p-value 

eNOS 

(nmol/mg protein/min) 

16.70 [16.10–17.60] 60.45 [59.55–62.25] p < 0.05 

NOx (μmol/L) 18.60 [17.80–19.25] 34.80 [32.90–36.80] p < 0.05 

Note: data are expressed as median [Q1–Q3], where Q1 and Q3 represent the 25th and 75th percentiles, respectively 
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In women with HDP, eNOS activity was more 

than 3.5-fold lower than in the control group:  

16.70 vs. 60.45 nmol/mg protein/min (p < 0.05). The con-

centration of stable NO metabolites was also almost twofold 

lower: 18.60 vs. 34.80 µmol/L, respectively (p < 0.05).  

These findings demonstrate a marked reduction in 

both eNOS activity and NOx concentration, consistent 

with decreased NO bioavailability in pregnant women 

with hypertensive disorders (Fig. 1, 2).  

Additionally, correlation analysis was conducted 

to evaluate the relationship between eNOS activity and 

NOx levels. Spearman’s rank correlation showed a 

strong positive correlation between these parameters  

(ρ = 0.72; p < 0.05), indicating that higher eNOS activity 

was associated with increased levels of stable NO me-

tabolites. This result supports the pathophysiological 

interconnection of these biomarkers in regulating the 

nitric oxide system during pregnancy (Fig. 3).  

 

. 

Fig. 1. Levels of eNOS in pregnant women: comparison between the study and control groups (nmol/mg protein/min) 

 

 
Fig. 2. Concentration of NO metabolites in pregnant women: comparison between the study and control groups 

(μmol/L) 
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Fig. 3. Correlation between eNOS activity and NO metabolites in pregnant women 

 

4. Discussion 

The findings of this study demonstrated signifi-

cantly reduced eNOS activity and concentrations of sta-

ble NO metabolites in pregnant women with HDP com-

pared with the control group (p < 0.05). These results are 

consistent with current research emphasizing the poten-

tial contribution of NO deficiency and oxidative stress 

(OS) to the pathogenesis of PE [3]. 

Several studies have shown that the excessive 

generation of reactive oxygen species and an imbalance 

within the NO system may reduce its bioavailability, 

thereby contributing to the development of endothelial 

dysfunction [13]. These mechanisms are incorporated 

into the updated two-stage model of placentation, which 

explains the gradual progression of clinical manifesta-

tions of PE [14]. Furthermore, review studies have em-

phasized that endothelial dysfunction is a central element 

of HDP pathogenesis, as it directly affects vascular tone 

and placental microcirculation [15]. In this context, the 

decreased eNOS activity observed in our study may 

reflect impaired endothelial capacity to synthesize NO, 

thereby limiting its vasodilatory and anti-aggregatory 

properties. Similar observations have been reported in 

the literature, where suppression of eNOS activity has 

been associated with impaired NO synthesis in women 

with HDP, particularly PE [13, 16]. 

In the present study, a significant positive correla-

tion (p < 0.05) was observed between eNOS activity and 

NOx levels, highlighting their pathophysiological interre-

lationship. This finding is consistent with other reports 

describing a simultaneous reduction in eNOS activity and 

stable NO metabolites in patients with PE [14, 17]. These 

findings suggest that suppression of enzymatic NO synthe-

sis is accompanied by depletion of its metabolites, which 

may serve as a marker of endothelial alterations in PE. 

The reduced NO bioavailability identified in our 

study is likely to be of clinical significance, as NO is re-

garded as a critical regulator of vascular tone, placentation, 

and uteroplacental blood flow [5]. Several publications 

suggest that NO deficiency may be associated with vaso-

spasm, ischemia, and placental hypoperfusion, which in 

turn contribute to the clinical manifestations of PE [9]. 

Thus, our findings are consistent with contemporary con-

cepts regarding the role of disturbances in the NO system 

in the vascular changes underlying HDP [3, 15]. 

The demonstrated decrease in eNOS activity and 

NOx concentration may reflect specific pathogenetic path-

ways of vascular impairment in pregnant women with HDP. 

These results provide biochemical evidence of alterations in 

the NO system; however, they require further confirmation 

in larger and more representative cohorts. Expanding the 

panel of NO-related biomarkers in future studies could 

allow for a more precise evaluation of their diagnostic and 

prognostic significance in HDP [4, 8]. 

Study Limitations. This study was performed on 

a relatively small sample (n = 65), and the inclusion of 

additional biomarkers could have provided further in-

sights into the mechanisms underlying alterations in 

pregnant women with HDP. 

Future Research Perspectives. Future studies 

should include larger cohorts of pregnant women and 

assess a broader range of biomarkers related to the nitric 

oxide system and oxidative stress. Such investigations 

may enable a more precise evaluation of their clinical 

relevance and potential prognostic value in hypertensive 

disorders of pregnancy. 

 

5. Conclusions 

1. Pregnant women with hypertensive disorders, 

including preeclampsia, demonstrated a statistically signif-

icant reduction in endothelial nitric oxide synthase activity 

compared with the control group: 16.70 [16.10–17.60] vs. 
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60.45 [59.55–62.25] nmol/mg protein/min (p < 0.05). 

2. The concentration of stable nitric oxide metabo-

lites in women with hypertensive disorders of pregnancy 

was almost twofold lower than in the control group: 18.60 

[17.90–19.80] vs. 34.80 [33.50–36.10] µmol/L (p < 0.05), 

suggesting reduced nitric oxide bioavailability. 

3. A significant positive correlation between en-

dothelial nitric oxide synthase activity and the levels of 

stable nitric oxide metabolites (ρ = 0.72; p < 0.05) con-

firms their close interrelationship in pregnant women 

with hypertensive disorders of pregnancy. 

4. The demonstrated association between sup-

pressed endothelial nitric oxide synthase activity and 

depletion of nitric oxide metabolites supports the role of 

impaired nitric oxide system regulation in the pathogene-

sis of preeclampsia. It underscores the potential utility of 

these biomarkers for clinical monitoring.  
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