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Abstract

Preeclampsia (PE) is a serious complication of late pregnancy. Objective. To study and to explore
the possibilities of neutralization of cardiotonic steroids, to define the possible mechanisms of recovery
activity Na/K-ATPase in pregnant women with PE for the prevention of vasospasm. Design and methods.
The study was carried out in two stages. Firstly, two groups of pregnant women were included. Control
group consisted of 6 women with normal pregnancy with gestational age 37-40-3/7 weeks. The main
group consisted of 7 women with PE with a comparable gestational age (mean systolic blood pressure
157 £ 5 mm Hg, diastolic blood pressure 94 + 2 mm Hg, and urinary protein excretion 2.12 £+ 0.46 g/day).
At the second stage, 12 patients with PE (aged 29 + 1 year, gestation 37.9 + 0.6 weeks, blood pressure
159+ 5/99 + 3 mm Hg) formed the main group. The control group included 11 healthy pregnant women
comparable by gestational age. Venous blood samples were taken. Marinobufagenin level was determined
by fluoroimmunoassay, spectrophotometry was used to assess the activity of erythrocyte Na/K-ATPase in
the presence and absence of monoclonal antibody, DigiFab, magnesium sulfate. Results. The level of
marinobufagenin in pregnant women with preeclampsia was almost 2.5-fold higher than in control group
(1.056 vs. 0.421 nM). The activity of erythrocyte Na/K-ATPase in pregnant women with preeclampsia
was 1.47 = 0.1716 and 2.65 = 0.16 mcmol Fn/mL/h (p < 0.01), respectively. When incubated with
monoclonal antibodies erythrocyte Na/K—ATPase activity was 2.41 mcmol Fn/mL/h. When incubated
with DigiFab there was a 3.5-fold increase in PE marinobufagenin plasma levels (1.38 £ 0.40 vs.
0.38 = 0.10 nmol/L, p < 0.01) and a reduction of the erythrocyte Na/K—ATPase activity compared to
control group (1.16 = 0.11 vs. 2.80 £ 0.2 mkmol Fn/ml/h, p <0.01). Ex vivo, 1 ug/ml DigiFab restores
the activity of Na/K—ATPase (1.72 £+ 0.13 mkmol Fn/ml/h, p < 0.01) and 3 mM magnesium sulfate
amplifies DigiFab effect (2.3 + 0.2 mkmol Fn/mL/h, p <0.01).
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Pe3rome

[Tpesknammncus (I19) npeacrapmuset coboil TKEN0E OCI0KHEHNUE BTOPOI MOJIOBUHBI OepEMEHHOCTH.
Leanb uccjieqoBaHus — U3y4eHHE BO3MOXKHOCTEH HEUTpanu3auu KapIuOTOHUYECKUX CTEPOUIOB:
onpeereHne BO3MOKHBIX MEXaHHU3MOB BoccTaHOBIIeHUs akTUBHOCTH Na/K-ATda3b1 y 6epeMeHHbIX
¢ [1D nns npexynpexnenus pa3BuTus anruocnazMa. MarepuaJibl 1 MeToAbl. VccrieoBanue BIMOI-
HeHO B 2 3Tana. Ha nmepBom »Tamne B rcclieZjoBaHNe BKIIIOUEHBI 2 TPYIIBI OepeMeHHbIX. KOHTponbHYI0
TPYIITY COCTaBUIM 6 KEHIIUH C PU3NOIOTHYECKH MPOTEKaIoleil 6€pEMEHHOCTHIO C TeCTAllMOHHBIM
cpokxom 37-40-3/7 Heaens. B ocHOBHYIO TpyniTy Bomuin 7 skeHIIHH ¢ [1D ¢ comocTaBUMBIM recraiu-
OHHBIM CPOKOM OEpEMEHHOCTH (CpeHEe CUCTOINYECKOe apTepHranbHoe AaBienue 157 =5 Mum pT. cT.,
JIracToandeckoe — 94 £ 2 MM pT. CT., dKCKpenus Oenka ¢ modoit — 2,12 + 0,46 r/cyt). Ha BTOpom
JTare OCHOBHYIO rpymniy cocTtaBuiau 12 mamuenTtos ¢ [19 (B Bo3pacte 29 + 1 rox mpu cpoke 6epeMeH-
Hoctu 37,9 + 0,6 Henenu ¢ aprepuanbHbIM aaBieHueM 159 =5/ 99 + 3 mm prt. cT.). KonTponbHyto
rpynmy coctaBuiu 11 310poBBIX OepeMEHHBIX, COOCTABUMBIX IO CPOKY T€CTAIH 1 BO3pacTy. Y Bcex
OepeMeHHBIX MPOU3BOJAUICSA 3a00p BEHO3HON KPOBU. YPOBEHb MapHHOOy(areHWHa Ompenensiu
UMMYHOQIIYOMETPUYECKUM METO/IOM, a akTUBHOCTh Na/K-AT®da3el 3puTpoiiToB ciekTpodorome-
TPUYECKUM METOJIOM B MIPUCYTCTBHH M OTCYTCTBUU MOHOKJIOHANBHBIX aHTUTEN, DigiFab, cynbdara
Mmaraus. Pesyabrarel. Ha nepBom sTane yposeHb MapuHoOydarennna y 6epemeHHsbIx ¢ [1D npeBbicun
pe3ybTaT KOHTPOJIBHOM rpynmbl mouTH B 2,5 paza (1,056 nmpotus 0,421 HM). [Ipu 3TOM aKTUBHOCTH
Na/K-AT®a3s1 y 6epemennsix ¢ [19 cocraBuna 1,47 £0,1716 nmpotus 2,65 + 0,16 mxmons OH/Mit/gac
(p <0,01), npu unkyOaruu 5puTpountoB [1D B mpucyTCTBUU MOHOKJIOHAIBHBIX aHTUTEN AKTUBHOCTH
Na/K-AT®da3b1 BoccTanaBnuBaeTces 10 2,41 mxmons @u/mir/gac. [Tpu uzydenun spdexron DigiFab
MOJIy4eHbl crefyromue pe3yasrarsl. [Ipu [19 mnazmenHsie ypoBHH MapuHOOy(hareHnHa ObUIH yBe-
nuyensl B 3,5 pasa (1,38 £ 0,40 mpotus 0,38 + 0,10 amons/i, p < 0,01), aktuBHOCTH Na/K-ATda3b1
B OPUTPOIIUTAX CHUKEHA IO CPaBHEHUIO ¢ OepeMeHHbIMU rpymnmbl KoHTpoas (1,16 = 0,11 mpotus
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2,80 £ 0,2 mxmoinb @u/mi/g, p < 0,01). Ex vivo npu konnentpanuu 1 Mmxr/ma DigiFab Boccranaiu-
BaeT akTUBHOCTh Na/K-AT®a3sl spurporutos (1,72 + 0,13 mxmons @u/Mi/4, p < 0,01), a 3 MMoib
cynbdara Mmaraus noreHIUpyoT 3gdext DigiFab (2,3 + 0,2 mxmonbs @u/mi/yac, p < 0,01). BoiBo-
Abl. [TonydeHHbIe pe3yabTaThl OTKPBIBAIOT NEPCIIEKTUBEI Pa3BUTHS NATOT€HETHYECKH 000CHOBAaHHBIX

METOIOB JieueHus U npodunaktuxu 1.

KaroueBble ciioBa: MMPEOKIAMIICUS, KApPAUOTOHUYICCKUC CTCPOUHI, MapI/IHO6y(I)aFeHI/IH, MOHOKIJIO-

HasbHble aHTUTENa, DigiFab

Jna yumuposanus: Mwkapaesa B. B., Conooosnuxosa H. I, 3azepckas U.E., @ponosa B. E., @édoposa O.B., ba-
2pog A. A. H3zyuenue 603modicHocmeli HeUmpanu3ayuy KapoOuomoHU4ecKux cmepouoos 8 mepanuu npesxiamncuu. Apme-

puanvras eunepmensus. 2015;21(1):69-74.

Introduction

Preeclampsia (PE) is one of the most serious
complications of pregnancy in obstetrics.
It increases the risk of preterm delivery, fetal
development delay, perinatal and maternal
mortality [1]. PE causes are currently unclear
despite numerous studies [2]. However, endothelial
dysfunction, which is accompanied by various
factors imbalance, is known to play key role in
pathogenesis of the disease.

Recently, the role of cardiotonic steroids
(CTS) in hypertension development in PE has
been investigated [3—5]. Several endogenous
CTS were identified in humans. Ouabain from
cardenolides class and marinobufagenin from
bufadienolides class are the most studied ones.
Marinobufagenin stimulates collagen synthesis in
organs of cardiovascular system. In PE, this
ketosteroid was found to cause fetoplacental vascular
fibrosis leading to the reduction in vascular
wall elasticity and its relaxation impairment.
The sodium homeostasis and renal natriuresis
regulation by linking with Na/K—adenosine
triphosphatase (Na/K—ATPase) are physiological
functions of endogenous steroids. They both inhibit
the transmembrane transport of monovalent
cations and activate the Src-EGF-mediated
way of cell signaling, causing vasoconstriction
[3]. Content of marinobufagenin in blood
plasma increases along with the expansion of
blood circulating volume and sodium retention in
patients with essential hypertension, chronic
renal failure and congestive heart failure [6].
After implementation of immunological methods
for the individual CTSs determination it was shown
that the severe PE development is accompanied
by the increase in ouabain and marinobufagenin
concentrations [4, 6].

The ways to restore the activity of Na/K—ATPase
by neutralizing CTS are under investigation. The
potential substances include marinobufagenin
monoclonal antibodies. These antibodies were
obtained by immunizing of mice with immunogen
(marinobufagenin to bovine serum albumin) [7, §].
DigiFab (BTG International Ltd., UK) — digoxin
antibody — is the only one drug approved by
Food and Drug Administration. Furthermore,
the DigiFab effect with magnesium sulfate (FAB
fragments of affinity-purified polyclonal digoxin
antibodies) was investigated. Taking into account
the therapeutic effect of magnesium sulfate in
PE, which might be associated with the ability of
magnesium ions to modulate digitalis (CTS) binding
with Na/K—ATPase receptor, we hypothesized the
probability of synergic interaction of DigiFab and
magnesium sulfate in restoring of CTS-inhibited
Na/K—ATPase.

The aim of this study was to explore the
opportunity to neutralize CTS, namely to determine
possible mechanisms of Na/K—ATPase activity
recovery in pregnant women with PE for vasospasm
prevention.

Design and methods

The study was performed in two stages. Firstly,
two groups of pregnant women were enrolled in
the study. The control group included 6 women
with physiological pregnancy with gestational
age 37-403/7 weeks without somatic diseases.
The main group included 7 women with PE of
comparable gestational age of pregnancy. Mean
systolic blood pressure in the main group was 157 =
5 mmHg, diastolic blood pressure — 94 =2 mmHg,
proteinuria was 2.12 £ 0.46 g/day, the average score
by scale according to Savelyeva G.M.— 9 points.
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Pregnant women were examined during the
first 3—6 hours after admission. Blood sampling in
amount of 10 ml in heparinized tubes was
performed after physical examination and history
taking. From each sample 4 mL of blood were
separated by centrifugation (1500 g, 15 minutes).
The plasma was frozen for storage at —20 °C and
later analyzed by immunofluorometric method in
order to assess marinobufagenin by the previously
described method [8].

Na/K—-ATPase activity was determined in
erythrocytes with and without monoclonal
marinobufagenin antibodies in 6 ml of blood
by previously described procedure [9].
Marinobufagenin antibodies were applied in a
concentration, which reverses IC50 to Na/K—
ATPase inhibition from medulla renalis in Sprague-
Dawley rats (alpha-1 isoform) by the described
procedure [10].

Plasma aliquots of patients with PE and
of controls were extracted with the use of
C-18 reverse-phase cartridge by 80 % acetonitrile
[11]. The level of CTS in each sample was
determined by immunofluorometric method [4].

As the second step, we included two groups
of pregnant women in order to investigate the
DigiFab effects with magnesium sulfate. The
main group consisted of 12 patients with PE aged
29 + 1 years, with blood pressure of 159 +5/99 +
3 mmHg, and gestational age 0of 37.9 + 0.6 weeks.
The control group consisted of 11 healthy
pregnant women aged 30 + 1 years, with blood
pressure averaging 111 + 2 /72 £ 2 mmHg and

Figure 1. Plasma levels of marinobufagenin
in 6 normotensive pregnant
women and 7 patients
with preeclampsia (p = 0.03)
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Figure 2. The erythrocyte Na/K—ATPase
activity in 6 patients of control group
and 7 patients with preeclampsia
and erythrocyte incubation
with monoclonal antibodies
(preeclampsia + 3E9) (p < 0.01)
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Note: PE — preeclampsia; PE + 3E9 — parameters in
pregnant women with preeclampsia during preeclamptic
erythrocyte incubation with monoclonal antibodies.

gestational age of 39 + 0.2 weeks. Blood samples
were taken from all the women. We examined the
DigiFab effects on Na/K—ATPase activity using
spectrophotometric method with and without
3 mmol/l of magnesium sulfate in erythrocytes
of patients with PE [9]. The marinobufagenin
level was determined by immunofluorometric
method [8].

The results were statistically processed
(GraphPad Prism 3) using univariate analysis
of variance followed by post hoc analysis
(Newman-Keuls method). For paired comparison
we used t-test.

Results and discussion

Pregnant women with PE had higher
marinobufagenin levels compared to the control
group — 1.056 vs. 0.421 nM, respectively
(Fig. 1). The activity of Na/K—-ATPase was
1.4740.1716 pmoland 2.65 +0.16 pmol/Fn/mL/h in
pregnant women with PE and in the control group,
respectively (p < 0.01) (Fig. 2). As a result,
2.5-fold increase in plasma marinobufagenin in
patients with PE was accompanied by a 50 %
inhibition of the erythrocyte Na/K—ATPase activity
compared to the control group.



Figure 3. Plasma levels of marinobufagenin
in 11 normotensive pregnant
women and 12 patients with preeclampsia
(p=0.02)
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Note: PE — preeclampsia; PE + 3E9 — parameters in
pregnant women with preeclampsia during preeclamptic
erythrocyte incubation with monoclonal antibodies.

Figure 4. The erythrocyte Na/K—ATFase
activity in 11 patients of the control group
and 12 patients with preeclampsia
in the presence of DigiFab
and in combination of DigiFab
and magnesium sulphate (p < 0.01)
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Note: PE — preeclampsia; DigiFab — digoxin antibody;
Mg — magnesium sulphate.

These data confirm the previously reported
plasma marinobufagenin increase in PE[5, 8, 11-13].
Marinobufagenin production increase is accompanied
by the collagen synthesis enhancement, arteries
fibrosis and vasoconstriction development.

The incubation of erythrocytes with monoclonal
marinobufagenin antibodies led to reactivating of
Na/K—ATPase activity up to 2.41 umol Fn/mL/h
(Fig. 2). Therefore, the addition of antibodies to
marinobufagenin in vitro leads to restoration of
erythrocyte Na/K—ATPase activity almost to the
reference values (90.9 %).

In our study, monoclonal antibodies were
found to effectively restore the Na/K—ATPase
activity in PE by reacting with cardiotonic steroid,
particularly, with marinobufagenin.

Monoclonal marinobufagenin antibodies have
high activity and selectivity, which gives evidence
of their potential use in clinical practice for
cardiotonic steroid neutralization in order to treat
and prevent vasospasm in PE [12, 14].

The following DigiFab effects were shown.
In PE, there was a 3.5 — fold increase in plasma
levels of marinobufagenin (1.38 = 0.40 vs. 0.38 +
0.10 nmol/L, p<0.01) (Fig. 3), and the erythrocyte
Na/K—ATPase activity was reduced compared to
control group (1.16 = 0.11 vs. 2.80 = 0.2 umol
Fn/mL/h, p < 0.01) (Fig. 4). Ex vivo DigiFab
1 pg/ml restores the erythrocyte Na/K—ATPase
activity (1.72 £ 0.13 pmol Fn/mL/h, p < 0.01),
and 3 mMol of magnesium sulfate potentiates the
DigiFab effect (2.3 + 0.2 umol Fn/mL/h, p <0.01).
In vitro magnesium sulphate 3 umol/l leads to a
12-fold decrease in sensitivity of Na/K—ATPase
to the inhibitory effect of marinobufagenin in
erythrocytes of the control group.

Our results suggest that cardiotonic steroids
neutralization is a component of pathogenetically
substantiated treatment of PE. They indicate
the potential enhancement of cardiotonic
steroid immuneneutralization by magnesium
sulfate in PE. The combination of polyclonal
marinobufagenin antibodies and magnesium
sulfate give new opportunities in PE management
and preparing pregnant women for delivery.
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