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The changes of the factors of angiogenesis and hormones of pregnancy in pregnant women with hypertension of | and Il
stages has been studied inadequately and their interaction in such patients is not fully elucidated at present time.

Aim. To detect peculiarities of angiogenesis factors and placental hormones in pregnant women with arterial hypertension |
and Il grades in comparison with results of healthy pregnant women.

Materials and methods. A one-time study of pregnant women was performed in pregnancy of 12—13 weeks in all groups.
88 pregnant women were inspected. The 1st basic group consisted of 28 pregnant women with AH of | grade; the 2nd group
consisted of 33 pregnant women with AH of Il grade; the comparison group included 27 women without AH. The following hor-
mones were determined: HCG, PG, E. Among the angiogenesis indices, the placental growth factor (PGF), as a pro-angiogenic
factor and placental soluble fms-like tyrosine kinase (sFlt-1) was determined as an anti-angiogenic factor, sFIt-1/PGF ratio was
also estimated. Statistical analysis was done by using Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Results. Pregnant women in 1st group were the youngest: the average age was 26.4 + 0.8 years versus 33.8 £ 0.6 years in
2nd group and 32.0 £ 1.0 years in control group, P < 0.001. PGF levels were decreased in both 1st (17.5 3.4 pg/ml) and
2nd groups (13.5 £ 2.5 pg/ml) in comparison with results in 3rd group (46.1 £ 7.0 pg/ml), P < 0.001. We didn’t find statistical
differences between results of women with AH of | and Il degree, P > 0.05. Contrary to previous results, sFlt-1 levels were
increased in both 1st and 2nd groups, P < 0.05: 1703.1 £ 99.2 pg/mlin 1st group and 1673.7 + 93.5 pg/ml in 2nd group versus
1384.4 £ 77.1 pg/ml in control group, but they weren't different between basic groups, P > 0.05. As a result, sFit-1/PGF ratio
level was increased in both 1st (273.3 + 54.6 units) and 2nd (415.8 + 79.0 units) groups in comparison with control (46.6 + 9.4
units), P < 0.001. We didn’t set statistical differences in hormones levels among pregnant patients. PGF level was connected
with E (r=-0.54, P <0.01) and HCG (r =-0.42, P < 0.05) levels in pregnant women with AH of | degree. It was connected with
HCG level in control group, but this correlation was contrary: r = +0.63, P < 0.001.

Conclusions. Pregnant women with AH in | trimester have disturbances in balance between pro-angiogenic and anti-angiogenic
factors with prevalence of sFlt-1 and reducing of PGF in blood serum. Due to such disbalance in pregnant women with AH of
| grade correlation between angiogenesis factors and hormones changed from direct to inverse.

dakropu aHrioreHe3y Ta nAaLleHTapHi FOPMOHM y BariTHUX 3 apTepiaAbHOIO rinepTeHsicto

0. B. AeiHiueHko, 1. fl. KpyTb

3MiHu (hakTOpIB aHrioreHe3y Ta rOpMOHIB BariTHOCTI Y XiHOK i3 rinepTeHsieto (Al') | Ta Il cTyneHiB BMBYEHi HEAOCTATHBO, @ iXHS
B3aEMOZis B TaK1X NaLieHTOK JOCTEMEHHO He BCTaHOBMEHa.

MeTta po6oTu — BU3HAUMTK OCOONMBOCTI (haKTOPIB aHrioreHe3y Ta NnaLleHTapHWX FOPMOHIB Y BariTHUX xiHok 3 Al | Ta I
CTYNEHIB NOPIBHSHO 3 pe3yrnbTaTamm 300POBWX BariTHUX.

Matepianu Ta MmeToau. BukoHanm oqHOMOMEHTHE JOCNIMKEHHS BariTHWX Y TEPMiHaxX BariTHOCTI 12—13 TWXKHIB y BCiX rpynax.
O6cTexwnu 88 BaritHuX: y 1 0CHOBHY rpyny BBiLwKM 28 BaritHKX 3 Al | cTyneHst; 2 rpyna Bkntodana 33 saritHux i3 Al |l cTynens;
y rpyny NOPIBHSIHHS BBIMLLNK 27 BariTHWX iHok 6e3 Al [locnimkyBanu cvpoBaTky KpOBi, BU3HAYanM ropMOHU: XOPIOHIYHUIA
roHagotponiH (XI1), nporectepoH (M), ectpagion (E). Cepen nokasHUKIB aHrioreHe3y AOCHiLKyBanu nnaueHTapHuin dak-
Top pocTy (PGF) sk npo-aHrioreHHWI hakTop, a TakoX NnaleHTapHy PO34MHHY TUPO3WHKIHA3Y (SFIt-1) sik aHTK-aHrioreHHui
dhakTop; obuncnioBanu sFit-1/PGF cniigHoweHHs. CTaTUCTUYHWIA aHani3 BUKOHaNM 3a Jonomoroto nporpamu Statistica for
Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pe3ynktatu. BaritHi 1 rpynu Bynn HalmonoaLwmmm — ixHin cepegHin Bik ctaHosuB 26,4 + 0,8 poky npotu 33,8 + 0,6 poky B
XiHok 2 rpynu Ta 32,0 + 1,0 poky y BariTHUX KOHTpOrbHOI rpynu, p < 0,001. PisHi PGF Bynu aHmkerummn 8 1 (17,5 + 3,4 nr/mn)
i 2 (13,5 £ 2,5 nr/mn) rpynax nopiBHsHO 3 nokasHukamu 3 (46,1 £ 7,0 nr/mn) rpynu, p < 0,001. He BCTaHOBWMM CTaTUCTUYHY
Pi3HNLIO MiX nokasHWkamu xiHok i3 Al | Ta |l ctynewis, p > 0,05. Ha BigMiHy Big uux gaHux, pisHi Flt-1 6ynu niguweHumm B
112 rpynax, p <0,05: 1703,1 £ 99,2 nr/mn y 1 rpyni Ta 1673,7 + 93,5 nr/mn y 2 rpyni npotv 1384,4 + 77,1 nr/mn y KOHTPOnb-
Hil rpyni, ane BOHW He Bifpi3HANMCs B NaLieHToOK ocHoBHMX rpyn, p > 0,05. Ak pesynbrar, cnieeigHoweHHs sFIt-1/PGF byno
nigeuweHnm B 1 (273,3 £ 54,6 oguHu) i 2 (415,8 £ 79,0 ognHuMLi) rpynax NopiBHAHO 3 kKoHTporneM (46,6 + 9,4 oguHunui), p <
0,001. He BUABMNM CTAaTUCTUYHO 3HAYYLLY Pi3HULIO MiX rpynamu BariTHUX 3a PIBHAMMW NnaleHTapHWUX ropMoHiB. PiBHi PGF
6ynu nos’si3aHi 3 pisHsimMu E (r=-0,54, p <0,01) Ta XIJ1 (r =-0,42, p < 0,05) y BaritHux 3 Al | cTyneHsi. PiseHb PGF Takox Gy
noB'si3aHui i3 piBHem XIT1'y KOHTPOMbHIN rpyni, ane us kopensuis byna iHworo Hanpamy —r = +0,63, p < 0,001.
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BucHoBku. Y BaritHux 3 Al y | TpUMECTpi BUSHAUMMM NOPYLLEHHS! 6anaHcy Mix NpPO-aHrioreHHUMM Ta aHTW-aHrioreHHUMI
chakTopamu 3 nepeBaxaHHaM SFIt-1 i 3HkeHHsM PGF y cupoBaTtLi KpoBi. Y 38'a3Ky 3 Takum aucbanaHcom y aritHux i3 AT |
CTYNeHs! 3MIHIOETLCS Ha NPOTUNEXHY KOpensaUis Mix dakTopamu aHrioreHesy Ta ropMOHaMu.

dakTopbl aHrMoreHe3a 1 NAaueHTapHbie FOPMOHbI Y 6epeMeHHbIX
C apTepuanbHOM runepTeH3uen

E. B. AelHunueHKo, 1. . KpyTb

M3MeHeHus hakTOpOB aHrmoreHe3a v ropMoHOB 6EPEMEHHOCTM Y XKEHLLWH C apTepuanbHom runepteHsvent (Al) [ v Il crenexeit
13y4eHbl HELOCTAaTOYHO, a UX B3aMMOAENCTBIE Y TaKVX NaLMEeHTOK NOMHOCTBI0 He onpeaeneHo.

Llenb pa6oTbl — ycTaHOBNUTL OCOBEHHOCTU (PaKTOPOB aHrMoreHesa 1 NnavleHTapHbIX TOPMOHOB Y 6epemMeHHbIX ¢ Al | u 1l
CTeneHeln B CPaBHEHUN C pe3ynbTaTamm 30opoBbIX GepeMeHHbIX.

Matepuansi u metofbl. [poBeny 04HOMOMEHTHOE UCCrefoBaHMe 6epeMeHHbIX B cpokax BepemeHHocTn 12—-13 Hepenb
BO Bcex rpynnax. O6cnenosanu 88 6epemeHHbIX: 1 0CHOBHas rpynna coctosina 3 28 6epemenHbix ¢ Al | ctenexu; 2 rpynna
Bktoyana 33 6epemenHbix ¢ Al |l ctenenu; B rpynny cpaBHeHus Bowwm 27 BepemerHbIx 6e3 Al Miccnenosanm cbiBOpOTKY
KPOBW, ONPeSensny ropMOHbI: XOPUOHUYeCKuii roHagoTponuH (XMY), nporectepo (M), actpagwmon (E). Cpenu nokasatenei
aHrvoreHesa uccnefoBanu nnaweHTapHbii dhaktop pocta (PGF) kak npo-aHrMoreHHbIN hakTop, a Takke nnaleHTapHyo pac-
TBOPUMYIO TMPO3NHKMHA3Y (SFIt-1) Kak aHTW-aHmoreHHbIN pakTop; Beiumcnanu sFIt-1/PGF cootHoweHue. Ctatuctuyeckui
aHanu3 npoBenu ¢ noMoLLbto nporpammbl Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pesynbkratbl. bepemeHHble 1 rpynnbl 6binv caMbiMM MOMOALIMU — UX CPELHWIA Bo3pacT coctaeun 26,4 + 0,8 rona npoTus
33,8 £ 0,6 roga keHwwmH 2 rpynnbl 1 32,0 + 1,0 roga y 6epemeHHbIx KOHTponbHOM rpynnbl, p < 0,001. YposHu PGF 6binm cHi-
xeHbl B 1 (17,5 £ 3,4 nr/mn) n 2 (13,5 £ 2,5 nr/mn) rpynnax B cpaBHeHUU ¢ AaHHbIMKU 3 (46,1 + 7,0 nr/mn) rpynnel, p < 0,001.
He ycTaHoBneHa cratucTuyeckas pasHuLa mexay pesyrsratamu xxeHwuH ¢ Al | v |l ctenenei, p > 0,05. B otnnyme ot atux
[aHHbIX, YpoBHM FIt-1 6binm noBbiweHHbIMM B 1 11 2 rpynnax, p < 0,05: 1703,1 £ 99,2 nr/mn B 1 rpynne n 1673,7 + 93,5 nr/mn
BO 2 rpynne npoTue 1384,4 + 77,1 nr/Mn B KOHTPOSIbHOW rpynmne, HO OHWU HEe OTMNYANUCh Y NALMEHTOK OCHOBHBIX rpynn, p >
0,05. Kak pesynirtart, cootHoLueHve sFit-1/PGF 6bino nosbiweHHbIM B 1 (273,3 + 54,6 equnnupl) 1 2 (415,8 + 79,0 eannnupl)
rpynnax CpaBHUTENBHO C KOHTporeMm (46,6 + 9,4 eaunnuel), p < 0,001. He ycTaHoBnEHa cTaTncTM4eCKM 3HauMmas pasHuua
mexzay rpynnamm 6epeMeHHbIX Mo YPOBHAM MnaLeHTapHbIX rOpMOHOB. YpoBHU PGF cBA3aHHbI ¢ ypoBHAMKM E (r =-0,54, p <
0,01)n XY (r=-0,42, p < 0,05) y 6epemeHrHbIx ¢ AT | ctenenn. YpoBeHb PGF Takke cBs3aH ¢ ypoBHeM XI'Y B KOHTPOMbHO
rpynne, XoTs aTa koppensaums 6bina obpatHomn —r = +0,63, p < 0,001.

BbiBogbl. Y 6epemeHHbIx ¢ Al B | TpUMeCTpe yCTaHOBNEHO HapyLleHne banaHca Mexzay Npo-aHMMOreHHBIMM U aHTU-aHM-
oreHHbIMU hakTopamu ¢ npeobnagaHvem sFlt-1 n cHkeHnem PGF B cbiBopoTKe kpoBu. B ¢Bsian ¢ Takum gucbanaHcom y
6epeMeHHbIx ¢ Al | cTeneHn MeHsieTcs Ha obpaTHyto Koppensaumus Mexay dhakTtopamu aHrvoreHesa 1 ropMoHaMu.

Cardiovascular diseases have the first place among
extragenital diseases in the structure of the causes of
perinatal morbidity and mortality. Arterial hypertension
(AH) occupies a leading position among these cardio-
vascular diseases. AH promotes the development of
long-term vascular and metabolic disorders [1,2]. There
is a decrease in placental blood flow in pregnant women
with AH due to changes in the functioning of the cardio-
vascular system. Disturbances of the normal relationship
between vasodilators and vasoconstrictors in pregnant
women with AH are accompanied by dysregulation of
vascular tone and leads to placental insufficiency [3,4].
One of the leading theories of placental insufficiency is
vascular-endothelial dysfunction theory. Endothelial cells
of vessels synthesize a large number of biologically active
substances that are involved in providing a variety of pro-
cesses in the physiological and pathological gestational
processes [5].

The activity of placental angiogenesis is controlled
by a spectrum of growth factors with pro-angiogenic
and anti-angiogenic properties. The placental growth
factor (PGF) in the first trimester of pregnancy stimulates
the synthesis of trophoblastic DNA, increases the num-
ber of trophoblast cells and improves the conditions for
its infestation. During the third trimester of pregnancy
PGF expression reaches a maximum of 28-30 weeks
of gestation, gradually increasing from the first to the se-
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cond trimester of pregnancy [6,7]. Anti-angiogenic factors
include placental soluble fms-like tyrosine kinase (sFlt-1).
It counteracts the action of PGF on specific receptors [8].
The imbalance between pro- and anti-angiogenic factors
contributes to placental insufficiency [6].

Estradiol (E) is the main hormone of pregnancy.
Reduced E, its constantly low concentration, or insuf-
ficient growth indicate a violation of the fetoplacental
complex. Human chorionic gonadotropin (HCG) ap-
pears in the blood of the mother on 8-9 days after
fertilization of the egg. During the first trimester of
pregnancy, HCG levels are rapidly increasing, doubling
every 2-3 days, reaching its maximum at 8th-10th
weeks of gestation. After that, its content is somewhat
reduced and remains constant during the second half
of pregnancy [9]. Progesterone (PG) improves the con-
ditions for trophoblast migration in 1st-2nd gestational
trimesters by stimulating the growth and remodeling of
the coiled arteries of the uterus, increasing the expres-
sion of the vascular endothelial growth factor and its
receptor [10].

The changes of the factors of angiogenesis and
hormones of pregnancy in pregnant women with hyper-
tension of | and Il stages has been studied inadequately
and their interaction in such patients is not fully elucidated
at present time.

KatoueBble croBa:

daKkropsbl
aHruoreHesa,
NAaUeHTapHble
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6epemMeHHOCTb,
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17.5

B 1 group O2group M3 group

Aim
To detect peculiarities of angiogenesis factors and pla-
cental hormones in pregnant women with arterial hyper-

tension | and Il grades in comparison with the results of
healthy pregnant women.

Materials and methods

Criteria for inclusion in the study: pregnancy, the pre-
sence of AH of | and Il grades. Criteria for exclusion from
the study: AH of Ill grade, diabetes mellitus, multiple
pregnancy, chromosomal and genetic disorders, throm-
bophilia, perinatal infections, systemic connective tissue
diseases, heart disease (heart defects, myocarditis),
anemia of moderate to severe degrees, diseases of
the lungs, oncological diseases, pregnancy that comes
with assisted reproductive technology.

A one-time study of pregnant women was performed
in pregnancy of 12—13 weeks in all groups. 88 pregnant
women were inspected. The 1st basic group consisted of 28
pregnant women with AH of | grade; the 2nd group consisted
of 33 pregnant women with AH of Il grade; the comparison
group included 27 women without AH. Anamnesis, general
clinical examination, blood pressure measurement, stan-
dard obstetric and gynecological examination according to
clinical protocols were done in all cases. AH was diagnosed
according to the existing clinical protocols.

The following hormones were determined: HCG,
PG, E. Among the angiogenesis indices, the placental
growth factor (PGF), as a pro-angiogenic factor and
placental soluble fms-like tyrosine kinase (sFlt-1) was
determined as an anti-angiogenic factor, sFlt-1/PGF ratio
was also estimated. Research of hormones and factors of
angiogenesis was performed on the basis of the Educa-
tional Medical Laboratory Center (the head is professor
A. V. Abramov) of Zaporizhzhia State Medical University.
For this purpose, the microplate reader Sirio-S (Seac,
Italy) was used. Blood serum was examined. Indicators
of hormones and factors of angiogenesis were performed
using immuno-enzymatic methods in accordance with

1800
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the relevant instructions using the appropriate sets of
reagents: HCG, PG, E (Monobind Inc, USA); PGF and
sFlt-1 (R&D systems, Inc, USA&tCanada).

Statistical analysis was done by using Statistica for
Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).
Normality of data distribution in groups was determined
by Shapiro-Wilk method. Results were presented as
mean  error of mean (M = m). Differences between
groups were estimated by Student's criterion. To deter-
mine the relationship between the indicators, the cor-
relation coefficient was calculated using the Spearmen
method; statistically significant results were considered
with a coefficient of more than 0.3 and with a level of P
<0.05.

The Bioethical committee of Zaporizhzhia State Me-
dical University decided that scientific work corresponds
to all the requirements of moral and ethical standards
(Protocol number 2 from 03/22/2017).

Results

We could say, that pregnant women in 1st group were
the youngest: the average age was 26.4 + 0.8 years
versus 33.8 = 0.6 years in 2nd group and 32.0 + 1.0
years in control group, P < 0.001. It may be explained,
that progression of AH needs some time from beginning.
PGF levels were decreased in both 1st (17.5 + 3.4 pg/ml)
and 2nd groups (13.5 = 2.5 pg/ml) in comparison with
results in control group (46.1 £ 7.0 pg/ml), P <0.001. We
didn’tfind statistical differences between results of women
with AH of | and Il degree, P > 0.05. Contrary to previous
results, sFlt-1 levels were increased in both 1st and 2nd
groups, P < 0.05: 1703.1 £ 99.2 pg/ml in 1st group and
1673.7 £ 93.5 pg/ml in 2nd group versus 1384.4 + 77.1
pg/mlin control group, but they weren’t different between
basic groups, P > 0.05. As a result, sFlt-1/PGF ratio level
was increased in both 1%t (273.3 + 54.6 units) and 2nd
(415.8 + 79.0 units) groups in comparison with control
(46.6 £ 9.4 units), P < 0.001. But it was the highest in
pregnant women with AH of Il grade (Fig. 1).

450

46.1 1673.7 415.8
1600 400
1384.4
1400 350
1200 300 5733
1000 250
800 200
13.5 600 150
400 100
200 50 46.6
0 0
PGF (pg/ml) sFlt-1 (pg/ml) sFlt-1/PGF ratio (units)

Fig. 1. Angiogenesis factors and sFlt-1/PGF ratio in groups of women.
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Table 1. Hormones levels in groups of women, M + m

Indicators, units 1st group, 2nd group, Control group,
n=28 n=33 n=27

PG, ng/ml 320x24 38.6+3.0 36.1+2.7 >0.05
E, pg/ml 24491 +228.7 2522.5 +230.4 2836.2 + 268.6 >0.05
HCG, ng/ml 516.1+21.9 513.3+226 521.3+23.0 >0.05

We didn’t dedicate statistical differences among
pregnant patients in hormones levels, P > 0.05 for all
indicators. There were only a little reducing in PG level
in women with AH of | degree: 1.2 times as compared to
2 group and 1.1 times as compared to control group
(Table 1).

PGF level was connected with E (r =-0.54, P < 0.01)
and HCG (r =-0.42, P < 0.05) levels in pregnant women
with AH of | degree. It was connected with HCG level in
control group, but this correlation was contrary: r = +0.63,
P < 0.001. We couldn't detect any correlations between
indicators in patients from 2nd group, P > 0.05.

Discussion

We detected reducing of PGF and growing of sFit-1 (as
sFIt-1/PGF ratio) in pregnant women with AH of both |
and Il grades. The similar results had group of authors
[11,12]. But these authors examined patients in Il trimes-
ter of pregnancy. PGF sFlt-1 levels were also detected
[13], they included them to prognosis of preeclampsia
and showed their levels in 1st trimester. The highest sFIt-
1/PGF ratio was in pregnant women with AH of Il grade,
that may indicate progression of pathological changes
after several years of living with arterial hypertension.
But we didn’t find any statistical differences in hormones
levels between groups of patients. Another results were
received by groups of scientists [9,14,15]. They found
decrease of E levels in pregnant women. Contrary to
literature results we examined both angiogenesis factors
and hormones. We defined inverse correlations between
PGF levels and two hormones levels (E and HCG) in
women with AH of | grade versus to direct correlation
between this pro-angiogenesis factor and HCG in control
group. It may indicate disturbances in cooperation of
such indicators in case of AH beginning. We suppose,
such changes may lead to development of placental
insufficiency in future. That's why treatment/prophylaxis
of it should be administered to pregnant women with AH
of | grade in | trimester.

Conclusions

1. Pregnant women with AH in | trimester have
disturbances in balance between pro-angiogenic and
anti-angiogenic factors with prevalence of sFlt-1 and
reducing of PGF in serum.

2. Due to such disbalance in pregnant women with
AH of | grade correlation between angiogenesis factors
and hormones changed from direct to inverse.

Future researches plans. We plan to find features of
angiogenesis factors and hormones changes in patients
with arterial hypertension with fetal growth retardation
and to detect early indicators of such complication of
placental insufficiency.
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