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ABSTRACT

Numerous facts suggest that diverse complications of pre-eclampsia are caused by pathological changes in the maternal
vascular endothelium. Intensification of oxidative stress and nitric oxide deficiency have been thought to play important role in
the development of structural and functional changes in vascular endothelium of maternal organism. Hence, our objective is to
identify the role of nitric oxide metabolism and oxidative stress in the mechanism of late toxicosis of pregnant. During the
pregnancy with pre-eclampsia a significant rise of oxidized ceruloplasmin indicates to the activation of oxidative processes in
the organism and lowered antioxidant defense of blood. Oxidation of ceruloplasmin causes also reduction of its ferroxidative
activity, which becomes apparent by drastic decrease of Fe**-transferrin in blood and accumulation of Fe" ions in blood serum.
Fe®* ions are potent promoters of processes of free radical oxidation. Oxidative stress is one of the factors, which favor an
activation of nitrosilation by NO of dezoxyhemoglobin converting the latter into nitrosohemoglobin (HbNO). This mechanism
results in the reduction of the level of free NO and the restriction of its vascular dilating effect. Under the conditions of oxidative
stress nitric oxide can also be converted into cytotoxic peroxinitrite, which has high vascular constrictive activity and contributes
to the development of vascular endothelial dysfunction and an increase in resistance characteristic for pre-eclampsia. Thus,
results of the present study suggest that during the pregnancy attended with pre-eclampsia, the intensification of free radical
oxidation (that reveals in blood by disorder of antioxidant defense ceruloplasmin - Fe**-transferrin enzymatic system function)
and the restriction of physiological function of free NO (that results from its conversion into HbONO complexes and peroxinitrite)
contribute to an increase in vascular resistance and the development of endothelial dysfunction.
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rganisms of pregnant woman and fetus are
Oespeciqlly sensitive to various stress-factors

effecting a human being with increasing intensity.
Effect of harmful agents causes metabolic disorders,
functional disorders of tissues and organs, disorder of
fetus-placenta homeostasis, the development of early and
late toxicosis of pregnancy, abortion, still birth [9].
Therefore special attention has been paid to the causes
and mechanisms of the pathologies of pregnant [2,3,10].
The above-mentioned fully pertains to one of the
complications of pregnancy - toxicosis of the late period
of pregnancy (hestosis, pre-eclampsia).

So far the etiology and pathogenesis of one of frequent
and dangerous complications of pregnancy - late toxicosis
(hestosis, pre-eclampsia) has been less studied. Numerous
facts suggest that diverse complications of pre-eclampsiq,
including vascular reactivity alterations, vascular spasm
and multiorganic pathologies, are caused by pathological
changes in the maternal vascular endothelium [5,6,11].

Intensification of oxidative stress and nitric oxide
deficiency have been thought to play important role in
the development of structural and functional changes in
vascular endothelium of maternal organism [7,8].

Hence, our obijective is to identify the role of nitric oxide
metabolism and oxidative stress in the mechanism of late
toxicosis of pregnant.

MATERIALS AND METHODS

Blood taken from 49 pregnant women with hestation
period of 24-36 weeks have been examined. 34 women
had pregnancy without any complications (physiological
pregnancy) and 15 women - pregnancy with pre-
eclampsia. Pre-eclampsia was diagnosed based on
criterias of modern classification [4]. In particular, at the
end of 20" week systolic arterial blood pressure was
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more than 140mmHg and diastolic - more than 90 mmHg.
Proteinuria also was revealed.

The intensity of oxidative stress in the body has been
discussed based on Electronic Paramagnetic Resonance
(EPR) method. For this purpose in blood of the examined
women activity of prooxidant (levels of Mn2*, Fe2*,
methemoglobin) and antioxidant systems (levels of
ceruloplasmin and Fe3* - transferrin) have been measured.
In order to study metabolism of nitric oxide we examined
levels of free nitric oxide (NO) and NO complexes with
hemoglobin in blood. In order to detect free nitric oxide,
we used * Natrium diethildithiocarbamat (SIGMA) at dose
of 0,35 mg on 200 mcl blood. EPR spectrums have been
determined on the radiospectrometrum RE-1307 (Russia)
at the temperature of liquid nitrogen.

RESULTS AND DISCUSSION

The table shows changes in blood paramagnetic centers in
pregnant women during physiological pregnancy and
pathological pregnancy attended with pre-eclampsia (lll
term). It proceeds from the data presented in the table
that in the course of physiological pregnancy intensity of
EPR signal of oxidized ceruloplasmin in maternal blood
does not undergo any changes compared to controls, EPR
signal of Fe3* transferrin is lowered by 10% with statistic
certainty compared to controls. During physiological
pregnancy in maternal blood changes in the level of free
NO do not occur, EPR signals of methemoglobin, Fe2*,
MnZ* jons and Mo3* complexes are not revealed.

In the late terms of pregnancy (lll term) attended with
pre-eclampsia intensity of EPR signal of oxidized
ceruloplasmin in the blood is enhanced by 180%
compared to controls, intensity of EPR signal of Fe3* -
transferrin is significantly reduced to 68% and 77% of
those of controls and physiological pregnancy
respectively.
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N CP Fe'' tr Mn** Fe** Mo MetHb NO HbNO
g=2,05 g=4,2 g=2,14 g=2,25 g=1,97 g=6,0
Healthy - No 50 18,8+0,8 27,3+0,9 - - - - 23,0+1,2 -
pregnant Women
1
Healthy - 34 18,5+0,2 25,0+0,3 3,1+0,08 - - - 24,09+0,1 -
pregnant women p12>0,1 P12<0,02 p1>0,1
during
physiological
pregnancy
(III term)
2
Pregnant women 15 53,2+1,5 19,04+1,0 18,7+0,97 43,06+2,5 | 14,8+0,5 | 43,3£3,0 26,8+1,0 45,2450
during p13<0,001 p13<0,001 25<0,001 p15>0,05
pathological p23<0,001 p23<0,001 p23<0,001
pregnancy
attended with
pre-eclampsia
(III term)
3
r=0,609 t=2,77 s=0,22 p<0,02

Tab.1 Changes in blood paramagnetic centers in pregnant women during physiological pregnancy and pathological
pregnancy attended with pre-eclampsia (III term).

As it proceeds from the data presented in the table,
during physiological pregnancy free nitric oxide levels in
blood in the Il term does not differ from those of healthy
women. During pregnancy attended with pre-eclampsia
these parameters tend to increase as compared with
those of physiological pregnancy (see the table). It also
should be pointed out that during the pregnancy
attended with pre-eclampsia EPR signals of HbNO
complexes are revealed in the blood of examined
women. Also, an inverse relation has been found between
intensity of this signal (HbNO) and the levels of free NO
in blood. During the pregnancy with pre-eclampsia EPR
signals of methemoglobin, Fe2*, Mn2* ions and Mo5* -
xanthine oxidase in blood have been recorded.

Ceruloplasmin is a blood serum multifunctional protein. It
is characterized with superoxiddismutative, peroxidative
and ferroxidative activity. Level of Cu?*-ceruloplasmin in
blood determines its antioxidative activity. In addition,
ceruloplasmin functions in the blood as an oxidizer of Fe2*
(Fe2*>Fe3*) and provides Fe3* ions to be inserted in
apotransferrin. This process results in elimination of Fe2+
ions as immediate inductors of free radical oxidation from
blood serum. The operation of two enzymatic systems
(ceruloplasmin-transferrin) prevents lipid peroxidation.
Diminution of EPR signal intensity of Fe3*-transferrin
against the unchanged activity of ceruloplasmin detected
by us may be attributed to a decrease of iron ion levels
in blood and blood serum, characteristic of physiological
pregnancy [1]. During the pregnancy with pre-eclampsia
a significant rise of EPR signal of ceruloplasmin, detected
by us, indicates the activation of oxidative processes in
the organism and lowered antioxidant defense of blood.
An increase of ceruloplasmin oxidation causes also
reduction of ferroxidative activity, which becomes
apparent by drastic decrease of Fe3*-transferrin in blood
and accumulation of Fe2* ions in blood serum.

Interestingly, in the group of pregnant women with pre-
eclampsia EPR signals of free iron ions (Fe2*) show up
against the significant reduction of total iron level in blood
[1]. It is known that iron homeostasis is mainly dependent
on its absorption in the body and intensity of its utilization.
Pregnancy is characterized with intensification of iron
utilization, which frequently leads to the development of
iron lack anemia. During physiological pregnancy iron
deficiency in the organism is compensated by the normal
function of blood antioxidant and iron transportation
systems (Fe3*-transferrin-ceruloplasmin). During
pathological pregnancy (pre-eclampsia), against the
activation of free radical oxidation, lowered antioxidant
defense and iron transportation system deficiency, iron is
expected to reduce its participation in proliferative
processes and to increase its participation in free radical
oxidation processes.

According to the results of our study, during pregnancy
attended with pre-eclampsia, EPR spectrum of blood also
reveals an increase in signal of Mn2* ions, which leads to
the destruction of membrane structures of the body and
inactivation of superoxide dismutase.

Fe2* and Mn2* ions are potent promoters of processes of
free radical oxidation. They participate in the reactions of
Fenton and Haber-Veis and thereby contribute to the
formation of large amounts of hydroxyl radicals,
intensification of lipid peroxidation, cellular membrane
injury (including erythrocytes) and erythrocyte hemolysis
that is manifested by intensive EPR signal of
methemoglobin in the EPR spectrum of blood.
Methemoglobin is an additional source of Fe2* ions that
contributes to the development of oxidative stress and
augments pre-eclampsia.

Oxidative stress is one of the factors, which favors an
activation  of  inducible  NO-synthase.  Excessively
produced, iNOS-mediated NO easily nitrosilizes
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dezoxyhemoglobin converting the latter into
nitrosohemoglobin (HbNO). This mechanism results in the
reduction of the level of free NO and the restriction of its
vascular dilating effect. Under the conditions of oxidative
stress nitric oxide can also be converted into cytotoxic
peroxinitrite, which has high vascular constrictive activity
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Thus, results of the present study suggest that during the
pregnancy attended with pre-eclampsia, the
intensification of free radical oxidation (that reveals in
blood by disorder of antioxidant defense ceruloplasmin -
Fe3*-transferrin enzymatic system function) and the
restriction of physiological function of free NO (that results

and contributes to the development of vascular from its conversion into HbNO complexes and
endothelial dysfunction and an increase in resistance peroxinitrite) contribute to an increase in vascular
characteristic for pre-eclampsia. resistance and the development of endothelial
dysfunction.
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N3MeHeHns1 OKUCIUTEIBbHOr0 MeTa001U3Ma NPU 0epeMEeHHOCTH OCJI0KHECHHOH
npe3xjgamMIcuen

Tunamun Xeyypuanu, Tamap Canukuose Pycyoan Xyeaweunu

TOunucckuit rocyaapcTBEHHIA MEIUIIUHCKINA YHUBEPCUTET, [ py3us

PE3IOME

MpUHATO cuMTaTh, YTO MHOFOYUCEHHbIE OCINOXHEHWSA MPE3KNamncumn, BKMOYas HapylleHWe peaKTUBHOCTM KPOBEHOCHbLIX COCYAOB,
Ba3ocnasm W MymnbTMOpraHHble naTonoruv, obycrnoBneHbl NaTOMOrMYeckMMM W3MEHEHUsIMM B KPOBEHOCHBIX cocydax — MaTtepw.
MpegnonoratoT, YTO B Pa3BUTUM CTPYKTYPHbIX U (PYHKUMOHAMbHbLIX HAapyLeHWA B SHAOTENMYME BaXHas ponb MPUHAANEXUT
MHTEeHCUdMKaLuM npoleccoB cBoOOAHOPaAMKaNbHOrO OKWUCNEHWS U HepocTaTKy okcupa asota. Lenb pabothl - usyunTb ponb
OKUCNUTENBHOIO cTpecca u MeTabonuama okcmaa asoTa B naToreHese nNo3gHero Tokcmkosa bepemeHHbix. Metogom 3IMP uccnegosanu
COCTOsIHME Mpo- (comepkaHue noHos Mn®*, Fe**, MeTremornobuHa) u aHTMoKCUAAHTHON cucTeM (Lepynonnasmuk-Fe® TpaHcheppu),
a Tawke meTabonmam okcuaa asoTa B KPOBM  BepeMeHHbIX XEHLMH C hM3MOMNOrn4eckuM M naTonormyeckum (npeaknamncuen)
TeyeHnem 6epeMeHHOCTU. YCTaHOBMEHO, 4YTO B TpeTbeM cemecTpe Uu3Monormyeckon 6epeMeHHOCTU COCTOsiHME Mpo- W
aHTUOKCUAAHTHOW CUCTEMbI U CoAepXaHume CBOOAHOro OKcmAa as3oTa He3HaYUTEeNbHO OTNINYAKTCA OT 3HAYEHWN COOTBETCTBYIOLLMX
napameTpoB, XxapakTepHbIX AN 340POBbIX HebepeMeHHbIX XeHLWH. MNpu npeaknamncum B KpoBM GepeMeHHbIX XeHLUMH HabnogaeTcs
VMHaKTMBaLMSA aHTUOKCUAAHTHOW CUCTEMbI (u,epynonnae,MMH-Fe3+TpchcbeppV|H), HakomnneHve npoMOTOPOB CBOGOAHOPaAUKaNbHOro
okucrieHusi, MoHoB Mn?*, Fe®™ n metremormo6uma. [Mpyu npesknamncun HabriofaeTcs Takke YCWUNEHHOE HWUTPO3NMMPOBAaHWE
fAesokcuremornobuHa n obpasosaHue komnnekcos HbNO. MocneaHee cnocobCTBKET orpaHuyeHuio dmanonornyeckon aktusHoct NO,
YBENUYEHNIO PE3NCTEHTHOCTU KPOBEHOCHBIX COCYA0B, Pa3BUTUIO ANCHYHKLMN SHAOTENUYMA, XPaKTEPHBIX AN NPeaKknamncuu.

KJIOYEBEIE CJIOBA: OepeMeHHOCTEB, OKMCIIMTEJIBHER MeTaboJsu3M, IPEesKJIaMIICHs, OKCHI az30Ta, MOHEI
MapraHiia, MOHEl xejes3a
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