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Introduction
 The importance of the issue of perinatal 
consequences of the treatment of sterility is 
growing due to an invariably big percentage of 
sterile couples in the population, on the one 
hand, and an ever wider spread of assisted repro-
ductive technologies (ART), on the other hand 
[1]. According to various authors, pregnancies 
achieved with the use of ART belong to the 
high-risk category and are distinguished by an 
increased frequency of spontaneous abortions 
and obstetric complications [2].
 As it is known, endothelial dysfunction is 
a universal pathogenic mechanism of the majori-
ty of diseases. Endothelium does not only regu-
late the vascular tone but is also involved in the 
processes of atherogenesis, blood clot organiza-
tion and the protection of the integrity of vascu-
lar walls. Besides, endothelium produces large 
quantities of bioactive substances that influence 

the vascular tone and angiogenesis, regulate 
hemostasis, platelet adhesion and aggregation, 
immune and anti-inflammatory responses [6].
 In cases of liver diseases, one can 
observe lesion of the endothelial cells of liver 
sinusoids, changes in the intrahepatic hemody-
namics, increased production of cytokines and 
free radicals [7]. The processes of angiogenesis 
in the liver are also closely related to the func-
tional capacity of endothelium. Nitric oxide 
(NO)is synthesized by hepatocytes and reticulo-
endothelial cells of the liver [8]. Chronic patho-
logic processes are characterized by the inhibi-
tion of biosynthesis of NO, which disturbs the 
balance between vasoconstrictors and vasodila-
tors [9].
 Nitric oxide (NO) is a recognized marker 
of endothelial dysfunction among numerous 
factors of endothelial origin. Nitric oxide is 
produced by conversion of L-arginine under the 
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influence of the nitric oxide synthase enzyme 
(NOS). In the contemporary obstetrics, the L-ar-
ginine/nitric oxide system is considered to play 
the key role in vascular regulation in the period 
of gestation [12, 13].
 Special importance for the development 
of the vascular network of placenta and its 
normal functioning is attributed to vascular 
factors that stimulate the proliferation of endo-
thelial cells and increase their viability. They 
include the vascular endothelial growth factor 
(VEGF), the placental growth factor (PGF) and 
the basic fibroblast growth factor (bFGF) [14].
 A significant factor of reproductive and 
obstetric disorders is hyperhomocysteinemia. It 
leads to the lesion and activation of endothelial 
cells, which significantly increases the risk of 
thrombosis. On the other hand, hyperhomocyste-
inemia may be associated with the development 
of secondary autoimmune reactions and is now 
regarded as one of the causes of APS. Homocys-
teine induces apoptosis of trophoblast cells and 
significantly reduces the production of chorionic 
gonadotropin, which may be the cause of obstet-
ric complications related to impaired implanta-
tion [15].
 In view of the contemporary conceptions 
of endothelial dysfunction as a universal trigger-
ing mechanism of reproductive disorders, the 
role of vascular changes in the placentation 
disorders as well as the genetic predisposition of 
women with sterility and hepatobiliary disorders 
to endothelial dysfunction (adverse variants of 
eNOS gene polymorphisms) established by us 
[16], we considered it necessary to study the 
levels of L-arginine as the NO donor, homocys-
teine as the endothelium-damaging factor and 
PGF as the angiogenesis factor in such women.
 Aim of research. Determining the role of 
vascular regulation disorders in the development 
of perinatal complications in high-risk pregnan-
cies.

Material and methods of research.
 To assess the condition of vascular regu-
lation in women with high-risk pregnancies 
(pregnancy after ART, functional disorders of 

the liver), depending on the development of 
obstetric and perinatal complications, we have 
studied the corresponding indicators in 50 preg-
nant women after ART with hepatobiliary disor-
ders (main group), in 50 pregnant women after 
ART without such disorders (comparison group) 
and in 50 somatically healthy women with 
non-induced pregnancy (reference group) in the 
period of pregnancy from 14 to 16 weeks.
 The level of L-arginine in blood was 
measured using a photometric method based on 
the reaction of L-naphthol with a hypobromide 
reagent. The homocysteine level was measured 
with the use of the cyclic enzyme reaction 
method, by means of the Diasyis kit (Germany), 
using the “Respons 920” analyzer (Germany) 
according to the manufacturer’s method. For the 
quantitative determination of the human placen-
tal growth factor (PGF) in blood plasma sam-
ples, we applied electrochemiluminescence 
immunoassay (ECLIA).
 The key element of endothelial dysfunc-
tion is considered to be the reduction of synthesis 
of nitric oxide, which is the main vasodilator and 
is also involved in the functioning of various 
systems of a human body, in particular, the 
cardiovascular, the immune and the endocrine 
system. A decrease of the nitric oxide level is 
caused by the damage of the L-arginine transport 
systems and hypoarginemia. Therefore, we 
chose Tivortin, a nitric oxide donor (L-arginine), 
as a medicine for the correction of endothelial 
dysfunction and vascular regulation disorders. 
This medicine is certified for use in pregnancy.

Research results
 The obtained data (Table 1) suggest 
significant changes in the studied indicators in 
women of the main group. For instance, we can 
see a significant decrease of the L-arginine level 
to 44.2±1.1 in comparison with 52.6±1.4 mmol/l 
(p<0.05) in the reference group and an increase 
in the homocysteine level. We should also note a 
significant decrease of the PGF level in blood 
(91.4±8.6 versus 132.4±11.5 pg/ml in women of 
the reference group, p<0.05), which is indicative 
of disorders of the angiogenesis processes, 



Indicator Group of pregnant women 

Main Comparison Reference 

L- arginine, mmol/l (44.2±1.1)* 47.3±1.3 52.6±1.4 

Homocysteine, mcmol/l (6.9±0.30)* 6.2±0.36 5.8±0.33 

PGF in blood, pg/ml (91.4±8.6)* 118.8±9.5 132.4±11.5 
 

48 O.H. BoychukPHARMACIA, vol. 65, No. 4/2018

which, in their turn, have a negative influence on 
the development and functioning of the placenta 
and causes complications of pregnancy and fetal 

pathologies, which are often observed in women 
with hepatobiliary changes.

 To determine the role of vascular homeo-
stasis disorders in the development of complica-
tions of pregnancy in women with liver disor-
ders, 2 subgroups were singled out in the main 
group: Group 1 – 19 women with considerable 
obstetric and perinatal disorders (miscarriage 
and missed miscarriage, severe preeclampsia, 
decompensated fetal distress), Group 2 – 31 
women without such disorders. The research has 
shown (Table 2) that the course of pregnancy 
after ART programs was characterized by espe-
cially severe complications in those women with 
hepatobiliary disorders who already in the early 

period of pregnancy and the formation and 
development of the placenta suffered from endo-
thelial dysfunction (reduction of the L-arginine 
level to 39.8±2.0 vs. 45.8±1.6 mmol/l in women 
without significant gestation disorders, p<0.05), 
from the negative effect of homocysteine 
(increase up to 7.4±0.44 vs. 6.4±0.36 mmol/l, 
p<0.05) and angiogenesis disorders (decrease of 
the PGF level in blood to 70.5±11.9 vs 
103.7±9.8 pg/ml, p<0.05). Thus, these factors 
could be early prognostic markers of severe 
obstetric and perinatal disorders in induced preg-
nancy in women with hepatobiliary disorders.

Table 1. Indicators of regulation of vascular hemostasis in pregnant women after ART with func-
tional liver disorders

Table 2. Indicators of regulation of vascular hemostasis in pregnant women after ART with function-
al liver disorders, depending on the development of perinatal disorders

Note: * - the difference is significant in comparison with the reference group (p<0.05).

Note: * - the difference is significant in comparison with Group 2 (p<0.05).

Indicator Group of pregnant women 

1 2 

L- arginine, mmol/l (39.8±2.0)*  45.8±1.6 

Homocysteine, mcmol/l (7.4±0.44)*  6.4±0.36 

PGF in blood, pg/ml (70.5±11.9)* 103.7±9.8 
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Discussion
 Under the conditions of homeostatic 
imbalance in this category of women, endotheli-
al and vascular regulation disorders are the basis 
for the pathogenesis of reproductive, obstetric 
and perinatal complications, which is the theo-
retical precondition for the development of a 
pathogenesis-oriented complex of prevention 
and treatment of such complications aimed at the 
correction of the revealed disorders.
 The use of a two-stage differentiated 
system for the management of women with 
sterility and liver diseases, which includes the 
prognosis of possible complications and addi-
tional therapeutic and prophylactic measures to 
reduce their risk aimed at improving the function 
of the hepatobiliary system and eliminating 
vascular regulation disorders with the use of 
hepatoprotectors, preparations of ursodeoxycho-
lic acid, L-arginine, ω-3 PUFA and probiotics, 
has enabled the improvement of the effective-
ness of ART programs at the general-population 
level (pregnancy was achieved in 36.7% of 
women) and a 36% decrease of the frequency of 
obstetric and perinatal disorders in induced preg-
nancy.

Conclusions
 The course of pregnancy after ART 
programs is characterized by especially severe 
complications in those women with hepatobili-
ary disorders who already in the early period of 
pregnancy and the formation and development 
of the placenta suffer from endothelial dysfunc-
tion (reduction of the L-arginine), the negative 
effect of homocysteine and angiogenesis disor-
ders (decrease of the PGF level in blood). Thus, 
these factors could be early prognostic markers 
of severe obstetric and perinatal disorders in 
induced pregnancy in women with hepatobiliary 
disorders.
 The proved safety and high efficiency of 
the complex of therapeutic and preventive mea-
sures for women with sterility and non-alcoholic 
fatty liver diseases (NAFLD) make it possible to 
recommend its introduction and use in the prac-
tice of reproductive and obstetric institutions in 

Ukraine, which will increase the effectiveness of 
ART, reduce obstetric and perinatal morbidity, 
save the lives and health of women and their 
babies.
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