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npe}lCTaBHeHbI OKCIIEPUMCHTAJIBHBIC NAHHBIC, ITOJYYCHHBIC IIPU CpaBHI/ITeﬂbHOﬁ OLICHKEC BJIMSAHHA Pa3JIUYHBIX PEXKUMOB
3aMOpaXMBaHHS-OTTANBAHUS HA AaHTHOKCHIAHTHYIO aKTHBHOCTb 9KCTPAKTOB ILTALICHTHI YeJIOBEKA, ONPEIesIeMYIO 0 CIOCOOHOCTH
BOCCTaHaBJIUBATh TPEXBaJICHTHOE jkene30 U ABTS -paaukai, xenarupoBaTh HOHBI XKeJe3a, yAaIsITh IepPEeKUCh BOAOPOAA, a TAKOKE 110
coJepkaHuIo GeHOIbHBIX coequHeHnit. [lokazaHo, 4To MeUIEeHHOE 3aMOpakUBaHUe IKCTPAKTOB 10 —20°C NPUBOIUT K CHIDKEHUIO UX
AQHTHOKCHJIAHTHOM aKTHBHOCTH, B TO BpeMs Kak ObIcTpoe 3amopakuBaHue 10 —196°C — K yBeITHUYCHHUIO 3TOI aKTHBHOCTH 3a CUET
KOH(OPMALMOHHBIX U3MEHEHHIT OETIKOBBIX AaHTHOKCHIAHTOB.

Knrouegvie cnosa: 3amopaxupaHie-0TTauBaHUE, IKCTPAKT IUIALICHTHI YEJIOBEKA, aHTHOKCUIAHTHAsI aKTUBHOCTb.

[IpexacTaBieHo ekCIIepUMEHTANbHI JaHi, OTPUMaHI IIPH MOPIBHSIBHIH OIIHII BIUIMBY Pi3HUX PEXXUMIB 3aMOPOIKYBaHHI-BiIrPiBY
Ha aHTHOKCHJAHTHY aKTHBHICTh €KCTPAKTIB IUTALICHTH JIIOIUHH, SIKy BU3HAYaJIM 32 3AaTHICTIO BITHOBJIIOBATH TPHUBAJICHTHE 3aJ1i30 Ta
ABTS"-panukain, xeiaTyBaTd i0HH 3aJ1i3a, BUIAIATH MEPEKUC BOIHIO Ta 3a BMICTOM (DeHONBHMX CroayK. [lokaszaHo, 10 MOBiIbHE
3aMOPOXKyBaHHsI eKCTPaKTiB 10 —20°C mpU3BOHUTS [0 3HKSHHS X aHTHOKCHIAAHTHOT aKTHBHOCTI, Y TOW Yac SIK LIBUJIKE 3aMOPOIKYBaHHSI
10 —196°C — 10 301bIIEHHS Lie] aKTHBHOCTI 32 paXyHOK KOH(POPMALifHUX 3MiH O1IKOBUX aHTUOKCHIAHTIB.

Knrouogi cnosa: 3aMopoxyBaHHS-BiATaBaHHS, eKCTPAKT IUTALICHTH JTIOUHU, aHTHOKCUIAHTHA aKTHBHICTb.

The experimental data, obtained under comparative evaluation of different freeze-thawing protocols’ influence on human placenta
extract antioxidant activity, estimated by capacity to reduce the ferric iron and ABTS" radical, to chelate ferrous ions, to scavenge
hydrogen peroxide and also by phenolic compound content, have been presented. Slow freezing of the extracts down to —20°C has been
shown to cause the lowering of its activity, while rapid freezing down to —196°C increases the activity due to protein antioxidants*

conformational changes.

Key words: freeze-thawing, human placenta extract, antioxidant activity.

U3BecTHO, 4TO 00sA3aTENBHBIM YCIOBUEM HOP-
MaJbHOW XHU3HEIACATEILHOCTH OMONOTHYECKUX CHC-
TEM SBIICTCS FeHEpaLUsl aKTUBU3UPOBAHHBIX KHCIIO-
POAHBIX METa0OIUTOB — MPOOKCUIAHTOB, K KOTOPBIM
OTHOCATCS CyNEPOKCUIHBIA annoH-pagukan (O,),
ruapoxcuibHbeIN ({OH), ankokcunpaenii (RO) u me-
poxcunbHBId (ROQO’) pagukansl, mepeKrucs BOAOPoaa
(H,0,), cunrnerusrit xucnopon ('0,), runoxuopHas
kuciota (HOCI), okuck azora ('NO), IEpOKCHHATPUT
(ONOOQO"). DT coenvHeHHUs, TOTYYNUBIIIAE HA3BAHNUE
"akTuBHBbIE (opMbl kucinopona" (ADPK), obnanator
LIMPOKHUM CIIEKTPOM fieiicTBHA. C 0IHON CTOPOHBI, He-
KOTOpbIE M3 HMX IMPHUHUMAIOT y4acTHE B Npoleccax
CUTHAJIbHOU TPAHCAYKLMU U PETYISLHHN PAa BXKHBIX
¢ynkuuii oprannzma. C Ipyroi CTOpOHBL, B CUITy CBOEH
BBICOKOH XxuMuueckoil akruBHocth ADPK obOmamaror
SPKO BBIPAKEHHBIM T€HO- ¥ IIATOTOKCHYECKHUM JIEHCT-
BHEM U TO3TOMY NPEJCTABISAIOT CEPHE3HYIO OIac-
HOCTB JJig opranmsma [1, 3, 5].

[TocTosiHHOE 00pazoBaHUE MPOOKCHIAHTOB B JKH-
BBIX OPTaHU3MaxX YPaBHOBEIIMBAETCS 3a CUET UX JI€3-
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Mandatory condition for normal vital activity of bio-
logical systems is known to be the generating the acti-
vated oxygen metabolites, the prooxidants, which com-
prise anion-radical (O;), hydroxyl ('OH), alcoxyl (RO")
and peroxyl (ROO") radicals, hydrogen peroxide (H,0,),
singlet oxygen ('O,), hypochlorus acid (HOCI), nitro-
gen oxide ('NO), peroxynitrite (ONOO"). These com-
pounds defined as "reactive oxygen species" (ROS)
are pluropotential ones. On the one hand, some of them
participate in the processes of signal transduction and
regulation of some important functions of an organ-
ism. On the other hand, due to their high chemical ac-
tivity the ROS have manifested gene- and cytotoxic
effect and therefore they are of serious danger for an
organism [1, 3, 5].

The constant formation of pro-oxidants in living or-
ganisms is balanced due to their deactivation with anti-
oxidants (AO), which can interfere with oxidative proc-
esses by means of removing free radicals, chelating of
transition metal ions, scavenging the reactive oxygen
species. Under the effect of different endo- and exo-
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aKTUBaIUH aHTHOKcUAaHTaMu (AQ), KOTOPBIE MOTYT
MPEMSITCTBOBATH OKUCIUTEIBHBIM MTPOLIECCaM TOCPe -
CTBOM yJaJICHHUsI CBOOOMHBIX PagUKaIIOB, XEJIaTHPO-
BaHUS MOHOB METAJIJIOB MEPEMEHHON BaJIEHTHOCTH,
WHAKTHBAIlUW aKTUBHBIX (hopM kuciopoxa. [lox neii-
CTBUEM DPA3JIMYHBIX DHJIO- U IK30TEHHBIX (haKTOPOB
Oayanc MeXAy aHTHOKCHAaHTHOU cuctemon 1 ADK
B KJIETKaX MOKET HAPYIIAThHCS BCICIACTBUE CHUKCHUS
yposas AO nu6o runepnpoaykunu ADK. Cocrosnue
PE3KO HApYIIEHHOTO OKUCIUTENbHO-BOCCTAHOBUTEIb-
HOIO cTaryca Kietok, korna ADK He MoryT ajiekpar-
HO OsokupoBarbess AO, Ha3bIBAIOT OKUCIUTEIbHBIM
crpeccoM. Obnanas UCKIIOYUTETHHO BBICOKOH XHUMHU-
YECKOM aKTUBHOCTHIO, IPOOKCUIAHTHI MOT'YT HECTIELIU-
(ryecKku B3aMMOCHCTBOBATh C JIIOOBIMUA MOJICKYJIa-
MH, HaXOJSIIUMHUCS B PaINyCce WX UPE3BHIYANHO
KOPOTKOTO MU Py3noHHOTO Mpodera, u BHI3BHIBATH
OKHCIIUTEIbHYIO MOIH(DUKAIIO HYKIEWHOBBIX KHCIIOT,
OEITKOB, YITICBOJIOB, HHTyIIPOBATH IIEPEKUCHOE OKHC-
nenue nunuaoB (I10JI) B MemOpaHax, yBelIn4nBaTh
BHYTPHUKJICTOUHBIN YPOBEHDb KaJbLIMsI, AKTUBUPOBATh
poTeassbl, HyKiIeasbl, pocdonmmnasbl. B utore >tu Ha-
PYLICHHUS IPUBOJIAT K THOEIIH KJIETOK JIN0O K UX TPaHC-
(hopmanmu, BKITIOUAs 3I0KaY€CTBEHHYIO, a TAKXKE pas-
BHTHIO [TATOJIOTHYECKUX TpoiieccoB. TakuM obpazom,
B pe3yJbTare HapyLICHUS PABHOBECUS MEXAY IpPO-
OKCHJIAaHTHOW U aHTUOKCUJJAHTHOM CHCTEMaMU pa3BH-
BAaeTCA OKHMCIHUTEIBHBINA CTPECC W, KaK CIEICTBHUE,
BO3HMKAIOT M HAKaIUIMBAIOTCS OKUCIUTEIbHBIEC I10-
BPEXKICHUS, YTO HHUIIUUPYET BOCHIAIUTEIbHBIC IIPO-
IIECCHI, CTApCHHE, a TAK)Ke Takue 3a00JIeBaHUs, KaK
pak, arepoCKIepo3, OpPOHXO-JIETOYHBIC 3a00IeBaAHUS
U paccTpoiicTBa HEPBHOW CHUCTEMBI (Hampumep, 00-
ne3nb Anblrerimepa) [1, 3, 5, 22, 25]. [loatomy onHO#M
13 OCHOBHBIX XapaKTEPUCTUK MHOTrUX (apmaries-
THYECKUX CPEJICTB SBISCTCS MX aHTHUOKCHUIAHTHAS
AKTUBHOCTb.

DKCTpakThI IaneHTs yenoseka (O114), 6marona-
P HUTHYWIO B HUX OOJIBIIIOTO KOJTMYECTBA OUOJIOTH-
YeCKH aKTUBHBIX BEIIIECTB, 00JIaIaf0T TAKUM BaXKHBIM
CBOMCTBOM, KaK aHTHOKCHIaHTHASI aKTUBHOCTb. DTOT
(bakT mOATBEPKIACTCS DKCIEPUMEHTAIBHBIMU JIaH-
HBIMH, TTOJTyYCHHBIMU PA3IMIHBIMU METOJAMH OIICHKU
AHTHOKCUJAHTHOM akTuBHOCTH. [Toka3ano, uro OITY
CIIOCOOHBI MHTHOMPOBATh TUAPOKCUIIBHBIN U Cymep-
OKCUJHBIM paJuKalbl, OKUCh a30Ta, a TAKXKE BOCCTa-
HaBJIUBATh TPEXBAJICHTHOE XKEJIE30, MPEIOTBpAIIaTh
[TOJI. Takue cBOMCTBa 3KCTPAKTOB TO3BOJIAIOT MPH-
MEHSTHh MX IS JIeUeHUs 3a00JeBaHUM, XapaKTe-
PU3YIOLIKXCS] OKUCIUTENBHBIM cTpeccoM [ 19, 20, 24].

s yBenmuueHus: CpoKa XpaHEHHUs MpenapaToB B
KIMHIYECKON TPAKTHKE MTUPOKO MPUMEHSIOT HU3KUE
TeMrepaTypbl. OHaKO BIUSHUE MPOLECCOB 3aMOpa-
JKUBaHUSI-OTTAaUBAHUsI Ha CBOMCTBA reTEPOrE€HHBIX
KOMITO3HMIINI MaKpOMOJICKYJI, 00J1aIa0IINX aHTHOKCH-
JAHTHBIMH CBOMCTBaMH, B yacTHocTH DITY, B HAacTOs-
mee BpeMsi eIie HeJ0CTaTOYHO h3ydeHo. M3BecTHO,
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genic factors the balance between anti-oxidative sys-
tem and ROS in cells may be impaired either because
of AO reduced level or ROS hyperproduction. The
state of sharply disordered redox status of cells, when
ROS can not be adequately inactivated by AO, is called
oxidative stress. Possessing quite a high chemical ac-
tivity the pro-oxidants may non-specifically attack any
molecules being within the radius of their quite short
diffusion distance and cause oxidative modification of
nucleic acids, proteins, carbohydrates, induce lipid
peroxidation (LPO) in membranes, increase the intra-
cellular level of calcium, activate proteases, nucleases,
phospholipases. Finally, these disturbances lead to cell
death or transformation, including malignant one, as
well as development of pathological processes. Thus,
the disturbed balance between pro-oxidant and anti-
oxidant systems causes the oxidative stress and as the
consequence the appearance and accumulation of
oxidative injuries, leading to inflammatory processes,
ageing as well as to cancer, atherosclerosis, broncho-
pulmonary diseases and nervous system disorders
(e. g. Alzheimer disease) [1, 3, 5, 22, 25]. Therefore
one of the main characteristics of many pharmaceuti-
cals is their antioxidant activity.

Human placental extracts (HPE) due to the high
concentration of bioactive substances, possess such
an important feature as antioxidant activity. This fact
is confirmed with the experimental data, obtained with
different methods of antioxidative activity assessment.
HPE have being demonstrated to inhibit hydroxyl and
superoxide radicals, nitrogen oxide, reduce ferric iron,
to prevent LPO. These properties of extracts allow
their application for treatment of the diseases charac-
terized by oxidative stress [19, 20, 24].

Low temperatures are widely applied in clinical
practice in order to increase the shelf life of medica-
tions. However, the effect of the freeze-thawing proc-
esses on the properties of heterogenous macromolecu-
lar compositions, possessing antioxidant properties, in
particular, HPE, nowadays has not been fully investi-
gated. It is known that freeze-thawing may contribute
to the formation and accumulation of free radicals with
their following inactivation with antioxidants, as well
as lead to the conformational changes and aggregation
of biological macromolecules, possessing antioxidant
properties [2, 4, 6, 7,9, 10, 13, 18]. Thus we suppose
that freeze-thawing could change the HPE antioxidant
activity.

The research aim was the investigation of the in-
fluence of different freezing protocols on antioxidant
properties of human placenta aqueous-saline extracts.

Materials and methods

In the research there were used 8 placentas, de-
rived from the parturients with their informed consent
(38 weeks' gestation term). Aqueous-saline placental
extracts were obtained from homogenate of placenta
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YTO 3aMOPaKUBAaHNE-0TTAUBAHUE MOXKET CIIOCOOCTBO-
BaTh 00Pa30BaHUIO M HAKOTUICHUIO CBOOOIHBIX PajIyi-
KaJIOB C MX MOCJIEIYIONIeH NHAKTUBAIIUEH aHTHOKCH-
JAaHTaMH, a TAKXKe IPUBOIUTH K U3MEHEHHIO KOH(OP-
Malliy ¥ arperaiuyu OMOJIOrMYECKUX MaKPOMOJIEKYII,
00JaaroMX aHTHOKCUIAHTHRIMU CBOMCTBaMH [2, 4,
6,7,9,10, 13, 18]. Takum 00pa3om, MBI TIpeATIONA-
raeM, 9TO B IIPOIleCcCe 3aMOPAKUBAHUSI-OTTAUBAHUS
MOKET M3MEHITLCS aHTHOKCHIAHTHAs aKTHBHOCTH
OITY.

Lens paOoOTHIl — U3y4YCHNE BIUSHUS Pa3IMYHBIX
PEKHMOB 3aMOPaXMBAaHHUS HAa aHTHOKCHJAHTHBIC
CBOMCTBA BOJHO-COJICBBIX 3KCTPAKTOB ILIAICHTHI Ye-
JIOBEKa.

Martepuanbl n mertoanl

B pabote ncronp3oBaiu § ManeHT, MoJTydeHHBIX
OT POXKEHHI] C X MHPOPMHUPOBAHHOTO COTIacus (CpOK
O6epemennocTH 38 Heenb). BomHO-COIeBbIE IKCTPaK-
THI TUTALIEHTHI TTOTYYalld U3 TOMOTEHAaTa TKaH!, OCBO-
OOXKICHHON OT COCTMHUTEILHOM TKaHH, TyTeM 12-4a-
COBOM DKCTO3HIINHU C (PU3HOJIOTHIECKHM PACTBOPOM
nipu 4°C. DkcTpakTsl 3aMopakuBaiu 10 —20 1 —196°C
co ckopoctsiMu 1-2 u 300 rpagycoB/MHH COOTBET-
cTBeHHO. OTOrpeB OCYIIECTBISUIM Ha BOJASHON OaHe
nipu 20°C.CBexeBbIIEICHHBIE U TIOABEPTHYTHIE 3aMO-
PaKMBAaHUIO-OTTAUBAHHIO SKCTPAKTHI Pa3IeNsIn Me-
TOAOM Tellb-XpoMaTorpaduu Ha KOJOHKE ¢ cedaaek-
coMm G-200.

BoccranaBnnBaromyto akTHBHOCTh CBEXKEBBIJIE-
JIEHHBIX W TIOJIBEPTHYTHIX 3aMOPaXKMBaHUIO-OTTAH-
BaHHUIO IKCTPAKTOB, a TaKXKe UX (paKIuii OIleHUBAIN
o metoxy Oyaizu [15]. CmocoOHOCTh AKCTPAKTOB
IJTalleHThl BOCCTAHABJIMBATh KeJe30-(peppuunanu-
JIOBBII KOMIIIEKC bepauHckoil ta3ypu onpenensiiu no
MOMJIOIIEHNIO Ha JuyinHe BosHbI 700 HM. J{ns sToro
0,2 m11 o6pasna cMmemmBanu ¢ pochatHeM Oydepom
(0,5 mur; 0,2 M; pH 6,6) u deppunmanugomMm Kamus
(K Fe(CN); 0,5 mir; 1%). Tlomyuennyio cmech BbI-
nepxuBanu npu S0°C B Teuenue 20 MUH, 3aTEM K
cmecu no6apism 0,5 MI TPUXIIOPYKCYCHOM KUCITIOTHI
(30%) u punprpoBanu. K 0,5 M1 mojsydeHHOTO
¢unbrpara nobasnsmm FeCl, (0,1 mut; 0,1%). Criektpsr
MIOTJIOIIIEH U 3aITMCHIBAJIH Ha TiHE BOIHBI 700 HM Ha
cunexkrpodoromerpe Pye Unicam SP8000 (Bemuko-
OpuraHus). YBeIn4eHHE NOIVIOMIEHUS PEaKINOHHOM
CMECH CBHJIETEILCTBOBAIO 00 YBEIHMUEHHH CIIOCO0-
HOCTH 00pa3loB BOCCTAHABIMBATh TPEXBAJICHTHOE
xene3o (Fe**—Fe?"). B kauecTBe KOHTPOIIS UCTIOJb-
30BaJIN ACKOPOMHOBYIO KHCIOTY [15].

CrniekTpooTOMETpUYECKHEe HCCIEJOBAHUS aHTH-
paIKaIbHOM aKTHBHOCTH SKCTPAKTOB U (PpaKIiuii mpo-
BoawiH 110 MeToxy Re ef al. [17]. KatnonHsIi pagukan
ABTS" momyuanu mytem peakipm Mexxy 7 MM ABTS
B H,O u 2,45 MM nepcynbdarom Kanusi, XpaHUBILH-
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tissues separated from connective tissue by 12 hrs ex-
posure in physiological solution at 4°C. The extracts
were frozen down to —20 and —196°C with the rates
of 1-2 and 300 grad/min, correspondingly. Thawing
was performed in a water bath at 20°C. Freshly iso-
lated and frozen-thawed extracts were separated by
the method of gel chromatography using the column
with sephadex G-200.

Reducing activity of freshly isolated and frozen-
thawed extracts as well as their fractions were asses-
sed by the method of Oyaizu [15]. The ability of placen-
tal extracts to reduce ferric-ferricyanide complex of
Prussian blue was determined by recording the absorb-
ance at 700 nm. To do this, 0.2 ml of the samples were
mixed with phosphate buffer (0.5 ml; 0.2 M; pH 6.6)
and potassium ferricyanide [K,Fe(CN),] (0.5 M; 1%).
The resulted mixture was incubated at 50°C for 20 min,
then 0.5 ml of trichloracetic acid (30%) were added
and the mixture was filtrated. 0.5 ml of the obtained
filtrate was mixed with FeCl, (0.1 ml; 0.1%). The ab-
sorbance spectra were recorded at 700 nm using spec-
trophotometer Pye Unicam SP8000 (UK). The rise in
absorption of reaction mixture testified to the increased
ability of the samples to reduce ferric iron (Fe**—
Fe?"). Ascorbate was used as the control [15].

Spectrophotometrical studies of anti-radical activ-
ity of the extracts and fractions were carried-out ac-
cording to the method of Re et al. [17]. ABTS* cation
radical was obtained by means of the reaction between
7 mM ABTS in H,0 and 2.45 mM potassium persul-
fate, stored for 12 hrs in the darkness at room tem-
perature. Initial substance (0.1 ml) was diluted with
3 ml of distilled water. ABTS* (0.1 ml) was added to
the experimental samples and the kinetics of ABTS*
radical solution decolorization was recorded. Results
were presented as a percentage changes in optical den-
sity of initial ABTS" solution.

Chelating activity of the experimental samples was
assessed on the method of Dinis e al. [8]. 2 mM FeCl,
solution (0.05 ml) was added to 0.2 ml of the experi-
mental sample. The reaction was initiated by the additi-
on of 5 mM ferrozine. The mixture was shaken vigor-
ously and left at room temperature for 10—15 min. After
the mixture had reached equilibrium the absorbance of
the samples was measured spectrophotometrically at
526 nm. The results were represented as the percent-
age of inhibition of ferrozine-Fe*" complex formation :

Bound Fe* (%) = [(4,,,,,, — A, )/, ¥100,
where 4 —absorbance of ferrozine-F e?* complex;
Ammple — absorbance of ferrozine-Fe?* complex in the
presence of the studied sample.

The ability of HPE to neutralize H,O, was deter-
mined by hydrogen peroxide capacity to form the sta-
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mucs 12 9 B TEMHOTE TIpH KOMHATHOHN TeMIieparype.
Hcxonnoe BemectBo (0,1 M) pazBogwin 3 M uc-
TuiuupoBanHoi Boabl. ABTS™ (0,1 mur) mobasisum k
HCCIIelyeMbIM 00pasiiaM v pErHCTPUPOBATH KHHETH-
Ky obeciBeunBanus pactBopa ABTS -pagukana. Pe-
3yJNbTAThl MPEJCTABISIIA B MPOIEHTaX M3MEHEHUS
ONTHYECKOH MIIOTHOCTH UCXOAHOTOo pacTBopa ABTS™.
XenaTupyonyo aKkTUBHOCTh UCCIIEIyEeMbIX 00-
pa3noB ornenuBaim o Metoxy Dinis ef al. [8]. K 0,2 mn
ncciaeayeMoro odpasua modaBisim pacTBop 2 MM
FeCl, (0,05 min). Peakuuio MHMIMUpPOBaAIH 100aB-
nerueM 5 MM ¢eppo3uHa. CMech XOpOIIO BCTPS-
XUBAJIM M OCTABJISLTN ITPU KOMHATHOU TeMITeparype Ha
10—15 mun. [Tocite TOCTHXEHUS B CMECH PABHOBECHS
CHEeKTPOOTOMETPUIECKH U3MEPSIIN OMTIOLIEHHE 00-
pa3loB Ha AJMHE BOJIHBI 562 HM. Pe3ynbrarel mpen-
CTaBJISUIM KaK MPOIIEHT MHTHOMPOBaHUS (POPMHUPOBAHUS
¢deppo3un-Fe*" — komrmiekca:
Cessannviit Fe*'(%) = [(A

— A, JA, ] X100,

control contro

rne A, — nornomenue Gepposun-Fe*" — kommek-
ca; Awmple —nomtoenue Gpepposun-Fe?" — kommiekca
B NMPUCYTCTBUHU UCCIEIYyEeMOro odpasiia.

Cnoco6nocts DI yransts H O, onpenernsimu no
CIIOCOOHOCTH TEPEKUCH BOAOPOJa 00pa30OBBIBAThH C
MOJINOJIATOM aMMOHUS CTOMKHH OKpPAIICHHBIH KOMII-
nekc. Peakumro 3amyckanu modasnenuem 0,1 mit 06-
pasua k 2 mi pactBopa nepekucu Bogopoza (0,03%)
1 ocraHaBiuBaiy depe3 10 MuH mobaBreHuemM 1 mi
MosnOnata amMonus (4% ). IHTEHCUBHOCTD OKpacKu
U3MEpSUIM Ha CHEKTPOPOTOMETPE HA JIMHE BOJIHBI
410 HM POTUB KOHTPOJILHOH MTPOOKL, B KOTOPOH BMEC-
TO HcclieayeMoro oopasiia Obuta Boaa [11]. [Tockosb-
Ky IEPEKHCh BOJIOPOA YIAISIETCS TPEUMYIIIECTBEHHO
C TIOMOIIBI0 (PEPMEHTOB, MONyUYEHHBIE PE3YJbTAThI
OTHOCHIJTU K KOHIIEHTpaIuu OeJika B 00pasiax, KoTopyto
OTIPEIEIISIITH CIIEKTPO(YOTOMETPHUYECKH.

O6miee coaeprxanne GeHoIOB B 00pa3iiax OIeHH-
BaJiM Cc Hcnosib3oBaHueM pearenta ®ommna (Folin-
Ciocalteu, FC) mo merony Singleton u Rossi [21] ¢
HE3HAUUTENbHBIMHA HU3MeHeHusAMU. MccnenyeMsiit
obpaszer (0,1 mur) cmemmuBanu ¢ 1,5 mi FC-pearenra,
peABapuTeNbHO pa3BeaeHHoro 1:10 puctumnupo-
BaHHOM BojoH. [lonmydeHHYI0 cMech BBIAEPKUBAIIN
5 muH npu Temneparype 22°C, 3ateM g00aBIIIH
pacteop Na,CO, (0,06%). ITocne 30-MuHyTHOH UHKY-
Oarmuu mipu 22°C u3MepsTv TOTJIONICHUE Ha JTHHE
BOJIHBI 725 HM.

Craructudaeckyro 00paboTKy IMOTy9IeHHBIX PE3yilhb-
TaTOB MPOBOIMIH C UCTIOIB30BAaHIEM IIPOTPAMMHOTO
obecnieuenus “Origin 6.1”. 3HaUNMOCTb pa3nuuuii pe-
3yJlbTaTOB B CBexKeBbIAeNeHHbIX JIIY u mocne 3amo-
PpaKHBaHHS-OTTaMBaHUS OIICHUBAI HA OCHOBAHUH Tap-
HOTO t-TeCTa. YpPOBEHb CTATUCTHYECKON 3HAYMMOCTH
npuHAT Kak P <0,05.
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ble stained complex with ammonium molybdate. The
reaction was initiated by adding 0.1 ml of the sample
to 2 ml of the hydrogen peroxide solution (0.03%) and
stopped in 10 min with adding 1 ml ammonium molyb-
date (4%). The intensity of staining was measured with
spectrophotometer at 410 nm vs. the control sample,
comprising water instead of the experimental sample
[11]. Since the hydrogen peroxide is mainly scavenged
by means of enzymes, the obtained results were re-
ferred to the concentration of protein in the samples,
which was examined spectrophotometrically.

Total content of phenols in the samples was esti-
mated using the Folin reagent (Folin-Ciocaltea, FC) ac-
cording to the method of Singleton and Rossi [21] with
insignificant modification. The studied sample (0.1 ml)
was mixed with 1.5 ml of FC-reagent, preliminary di-
luted 1:10 with distilled water. The resulted mixture
was incubated for 5 min at 22°C, then Na,CO, (0.06%)
solution was added. After 30 min incubation at 22°C
the absorbance at 725 nm was measured.

The findings were statistically processed using the
software Origin 6.1. The value of the differences of
the results for fresh and frozen-thawed HPE were
assessed using the paired t-test. P values < 0.05 were
considered as statistically significant.

Results and discussion

One of the antioxidant characteristics of bioactive
substances appears to be their reducing activity, stipu-
lated by the presence of antioxidants able to be donors
of electrons.

The method based on the ability of the experimen-
tal substances to reduce the Fe*'-ferricyainide com-
plex to the Fe*'-ferricyainide (FRAP method) is used
in order to estimate the reducing activity of different
substances. Antioxidants which may be assessed by
this method are the substances of low molecular
masses, possessing a high redox potential (ascorbic
acid, uric acid, phenol compounds).

The experimental results have shown that ferric-
reducing activity of extracts from different placentas
varies within the limits equivalent to 30—120 uM ascor-
bate. In fresh extracts the reducing activity is regis-
tered in different fractions, obtained using the gel chro-
matography method. The main part of the activity (from
60 to 80%) is taken by low molecular fractions with
molecular mass less than 5 kDa. Slow freezing of HPE
down to —20°C leads to the decreasing of this activity.
Apparently it can be associated with the partial utiliza-
tion of antioxidant for scavenging free radicals, gener-
ated during freeze-thawing [4]. Ferric-reducing activ-
ity is preserved after rapid freezing down to —196°C
(Fig. 1).

Kinetics of ABTS" radical reducing has two phases,
due to the presence of rapidly and slowly reducing
antioxidants [12, 17]. Activity of antioxidants respon-
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Pe3yAbTatbl M 00Cy)xaeHue

OnHOM M3 aHTMOKCHUIOAHTHBIX XapaKTEePUCTUK
OMOJIOTHYECKH aKTUBHBIX BEIIECTB SBISETCS HX
BOCCTaHaBJIMBAIOIAsl aKTUBHOCTbH, 00yCIIOBICHHAS
HaJIMYMEM aHTHOKCHAAHTOB, CIOCOOHBIX OBITH IOHO-
paMu 3IEKTPOHOB.

J17151 OLIEHKH BOCCTAaHOBHUTENBbHON aKTHBHOCTH Pa3-
JIMYHBIX BELIECTB UCIIOJIB30BAJIM METOI, OCHOBaHHBII
Ha CIIOCOOHOCTH HCCIEIyEeMbIX BEIIecTB BOCCTa-
HaBiIuBaTh KoMIuieke Fe*'-peppunmanug no Fe* -
¢deppunmanu (Metoq FRAP). AHTHOKCHIAHTBL, KOTO-
pBI€ MOTYT OBITH OIICHEHBI 3TUM METOJIOM, — BEeIIeCT-
Ba C HU3KMMH MOJIEKYJIIPHBIMH MaccaMH, 00Jaiaro-
1€ BBICOKUM OKHCIHTEIbHO-BOCCTAHOBUTEIHHBIM
MOTEHIHATIOM (aCKOpOMHOBAs KHCIOTa, MOYEBasi KHC-
70Ta, PEHONBHBIE COSAMHEHHMS).

PesynbraTsl HccnenoBaHU OKA3aIIH, YTO XKEIE30-
BOCCTaHaBJIMBAaIOIIasl aKTUBHOCTh SKCTPAKTOB U3
pa3HBIX MJIALEHT KoyebJaeTcs B mpeneniax, COOTBET-
ctBytomux 30—120 MmxM ackopbara. B cBexux 3kc-
TpaKTax BOCCTaHABIHMBAIONIas aKTHUBHOCTH OTMeE-
YaeTcsl B Pa3IMYHbIX (QPaKIUIX, TOTyYSHHBIX METO-
JIOM Tenb-xpomarorpaduu. OCHOBHON 4acThIO aKTHB-
HoctH (0T 60 10 80%) 001a1ar0T HU3KOMOJIEKYJISIpHbIE
(dpakiuu ¢ MOJEKyISIpHOM Maccoit MeHnee 5 k/la.
Mennennoe 3amopaxkuBanue 114 no —20°C npuso-
JUT K CHUKEHHIO 3TOH aKTUBHOCTH. Bo3MoXkHO, 3TO
CBSI3aHO C YaCTHYHBIM PACXOI0BAHUEM aHTHOKCHIaH-
TOB HAa HHTMOMPOBaHUE CBOOOTHBIX PaIUKaioB, 00pa-
3yIOIIUXCA B IPOLIECCE 3aMOPAKUBAHUA-OTTAUBAHUS
[4]. Kene3zoBoccTaHaBIMBAIOIIAsI AaKTUBHOCTh COXPa-
HSETCS Mocye OBICTPOro 3aMopaxkuBanus 10 —196°C
(puc. 1).

Kunetnka BoccranoBinenuss ABTS -panukana
uMmeet e (asbl, KOTOphIe 0OYCIOBICHBI HATMYUEM
OBICTPO ¥ MEJIJICHHO BOCCTAHABIMBAIOIIHX AHTHOKCH-
naHToB [12, 17]. AKTHBHOCTb aHTHOKCHIAHTOB, OTBET-
CTBEHHBIX 32 OBICTPOE BOCCTAHOBJICHHE (aCKOPOUHO-
Basi U MOYEBasl KUCIIOTHI; O-TOKO(EpPOIT; aMIUHOKHCIIO-
ThI, coziepkatuue SH-rpymnmsl; BoccTaHOBICHHBIH Ty~
TaTHUOH; (PEHOIbHBIE COCIUHECHUS U YOUXUHOHBI),
OLICHUBAJIH 110 CHIKEHUIO NoMIoIIeH s 3a iepsble 10 c,
AKTHBHOCTb MEAJICHHO BOCCTaHABIIMBAIOLINX [IEHTPOB
OTIPEIETISUTH TI0 MHTMOMPOBAaHUIO OKPACKH 32 CIIEAYIO-
e 390 ¢ (puc. 2).

[TomydeHHbIe pe3yNBTaTHI MOKA3AH, YTO MEJICH-
Hoe 3amopaxuBanue JDIIY no —20°C mpuBOauT K
CHIDKEHUIO X aHTUPATUKAIBHOM aKTHBHOCTH 32 CHET
YMEHBIIICHUS aKTHBHOCTH aHTHOKCHIaHTOB, OTBETCT-
BEHHBIX 3a ObIcTpyto (hasy. B pesynbrare ObicTporo
3amopaknBanus 10 —196°C yBenn4yuBaeTcst aHTHpa-
OUKalbHAsg AaKTUBHOCTH BCJIEACTBHE MOBBILICHUS
AKTUBHOCTH MEJIEHHO BOCCTaHABJIMBAIOINX LIEHTPOB
(puc. 3). M3BecTHO, 4TO MEIJIEHHOE BOCCTAHOBIICHUE
ABTS*-panukana B OCHOBHOM 0OYCJIOBJIEHO JeHcCT-
BueM 6enkoB [17]. [ToaToMy MOXXKHO NPEenNnOI0KHUTS,
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Fig. 1. Iron-reducing ability of fresh HPE and the one after
freeze-thawing.

sible for rapid reduction (ascorbic acid; uric acid; o-
tocopherol; amino acids, containing SH-groups; redu-
ced glutathione; phenol compounds and ubiquinones)
was evaluated by decolorization during the first 10 sec-
onds, the activity of slowly reducing centers was esti-
mated by decay during following 390 seconds (Fig. 2).

The obtained results have shown that slow freez-
ing of HPE down to —20°C results in a decrease of
their antiradical activity due to the lessening of the ac-
tivity of antioxidants, responsible for a rapid phase.
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Puc. 2. Kuneruka BocctaHoBieHHs dkcTpakTamMu ABTS-
paquKana.

Fig. 2. Kinetics of reduction of ABTS" radical with the ex-
tracts.
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Fig. 3. Effect of different freezing regimens on activity of
rapidly and slowly reducing the ABTS" radical HPE centers

YTO TIOJyYEHHBIE PE3yJIbTaThl BBI3BAHBI KOH(OpMa-
LUOHHBIMU U3MEHEHUSIMU OSIIKOBBIX MOJIEKYJI, IPUBO-
JSIIUX K YBEJINYEHUIO JOCTYIHOCTH OEJIKOBBIX caii-
TOB, OTBETCTBEHHBIX 33 UX aHTHOKCH/IaHTHbIE CBOICT-
Ba. DTO coIIacyeTcsl ¢ NaHHBIMH APYTHUX aBTOPOB,
KOTOpBIE MOKa3aly, YTO 3aMOpaKMBAaHHUE H30JIUPO-
BaHHBIX OCIIKOBBIX MOJIEKYJI IPUBOIUT K Pa3phIXJICHHIO
WX CTPYKTYpHI [2, 16, 23].

[pennonoxenne 06 ydacTru OSITKOB B AHTHOKCH-
JAHTHOM aKTMBHOCTH 3KCTPAaKTOB MOATBEP)KIAETCS
pe3yibTaTaMu UCCIEAOBaHUN aHTUPAIUKAJIbHOU
AKTUBHOCTH OTAENbHBIX (pakmmii DITY. B wactHOCTH
MIOKa3aHo, YTO MOYTH Bce QPAKIINU 00Iaqar0T TaKOH
AKTUBHOCTBIO M COJEPXKAT OBICTPO U MEIJIEHHO BOC-
CTaHaBJIMBAIOLIME LIEHTPHl. YCTAHOBIEHO, YTO IpO-
LIeCC 3aMOPAKNBAHHUA-OTTANBAHHS IPHUBOJUT K YBEIH-
YEHHIO aHTHPAAUKAIBHON aKTHBHOCTH B HEKOTOPBIX
¢dpakuusax ¢ MonekyasipHeIMH Maccamu oT 700 x/la
3a c4eT Kak OBICTPOH, Tak U MeIIeHHOH (a3. AHTHpa-
JTUKaJTbHAsT aKTUBHOCTh YMEHBIIIA€TCS IJIaBHBIM 00-
pa3oM 3a CYEeT CHH)KEHHUS B HU3KOMOJEKYISPHBIX
¢dpakuusx (menee Sk/la).

[Ipu ananuze coxepxxkanus B DI1Y ¢eHonbHBIX
COCTMHCHHN, SABIIIONTIXCS Hanboee 3¢ (heKTHBHBIMI
"mepexBaTdnKaMu' CBOOOJHBIX PaJUKAIIOB, YCTAHOB-
JICHO, YTO TOC]Ie MEAJICHHOTO 3aMOpa)KUBaHUs (0
—20°C) ux coxepxkanue B JI1Y cHM*kaercs, a mocie
osicTporo (1o —196°C) noctoBepHO HE M3MEHSIETCS
(puc. 4).

HccnenoBanus CioCOOHOCTH CBEKHX SKCTPAKTOB
ynansats H,O, nokasau, 4To qaHHas aKTUBHOCTS JUIS
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Rapid freezing down to —196°C leads to the antiradical
activity increasing due to the rise in the activity of slowly
reducing centers (Fig. 3). Slow reduction of ABTS'
radical is known to be is mainly stipulated with protein
molecules’ conformational changes [17], which lead
to increasing of the accessibility of protein sites, re-
sponsible for their antioxidant properties. This is in con-
cordance with the reported observations, that freeze-
thawing of isolated protein molecules leads to loosen-
ing of their structure [2, 16, 23].

The assumption of protein participation in antioxi-
dant activity of extracts is confirmed by the decolori-
zation assay of separated HPE fractions. In particular,
it has been shown that almost all the fractions possess
such an activity and contain rapidly and slowly reduc-
ing centers. Freeze-thawing has been established to
result in the rise if antiradical activity in some fractions
with molecular masses from 700 kDa due to both rapid
and slow phases. Antiradical activity decreases mainly
due to the reduction in low molecular fractions (less
than 5 kDa).

When analyzing the content of phenol compounds,
being the most effective free radical scavengers, in
HPE it has been found that after slow freezing (down
to —20°C) their content in HPE decreases, and after
rapid one (down to —196°C) does not change statisti-
cally and significantly (Fig. 4).

Investigations of the ability of fresh extracts to neu-
tralize H O, have demonstrated that this activity for
samples obtained from different placentas varied from
0.9 to 5 mM/mg of protein and was observed predomi-
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Fig. 5. Effect of different freezing regimens on ability of
HPE to break-down the hydrogen peroxide.

00pa31oB U3 pa3HbIX MaeHT Obuta o1 0,9 10 5 MM/Mr
Oerka W HabIMIOIANIach MPEUMYIIECTBEHHO BO (hpak-
HUSIX C MOJIEKYJSIpHOM Maccoil mopsaka 200 k/la.
N3BecTHO, 9TO OCHOBHBIM MEXaHM3MOM aHTHOKCH-
JAHTHOM 3alllUThl BO BHYTPUKIETOUYHOU Cpene sB-
TS10TCS PepMEHTAaTUBHBIE aHTHOKCHAAHTBI, XapaKTe-
pH3yIoIIMecs BEICOKOHM crien(pUIHOCTBIO ACHCTBYS, B
YaCTHOCTH Karalia3a (MoleKynsipHas Macca ~250 k/la),
o0ecrieunBaoIas pa3ioKeHNe NEePEeKUcH BOAOPoaa
U MPENATCTBYIOLas TEM CaMbIM €€ BOBJICUYEHHIO B
peakunio @eHToHa ¢ 00pa30BaHUEM MM IPOKCHILHOTO
paaukana [1, 3]. ConocraBneHue IMTEpaTypHbIX JaH-
HBIX ¥ TOJYYEHHBIX HAMH PE3yJIbTaTOB MO3BOJSET
MIPEIOIOKUTD, YTO CHIYKEHHUE CONIEPKAHUS IEPEKNCH
BOzopoza B obpasmiax, comepxkammx 1Y, obycmoie-
HO JeiicTBreM Kartaiassl. Mccmegyemass ak THBHOCTD
JIOCTOBEPHO HE M3MEHSIACh KaK MOcie MEJIEHHOTO,
TaK M T0CIie OBICTPOTO 3aMOpaXUBaHUsI (pUC. 5).

OnHUM U3 OCHOBHBIX MEXaHH3MOB aHTHOKCHUAAHT-
HOH 3aIIUTHl OMOJIOTHUYECKHX MAKPOMOJIEKYJ BO
BHEKJIETOUHOU CpeJie SBIAIOTCS XEJIAaTHBIE COEIUHE-
HUs, CBSI3BIBAIOIINE MOHBI METAJJIOB MEPEMEHHO
BaJICHTHOCTH U NPENATCTBYIOIIME TEM CaMbIM HX
BOBJICUEHHUIO B PEAKLUU Pa3I0KEHHs NEPEKUCEN ¢
00pazoBaHNEM THIPOKCHIIBHOTO paiuKana. JKCIepH-
MEHTAJIBHO YCTAaHOBJIEHO, YTO XEJIATUPYIOMas CIO-
COOHOCTB PKCTPAKTOB IUTALIEHTH YMEHBIIAETCS ITOCIIe
MEJIEHHOTO U yBEJTMIUBAETCS TIOCIIE OBICTPOTO 3aMO-
paxuBanwus (puc. 6).

[TokazaHo, 4TO YacTUYHOE pa3BOpadMBaHUE OeEII-
KOB, IPOUCXOISIIIEE ITOJ1 ACHCTBHEM HarpeBa Wi Apy-
I'MX CTPECCOPHBIX (PaKTOPOB, YBEIMUMBACT UX aHTHU-
OKCHJIaHTHYI0 akTuBHOCTH [10, 14]. U3BecTten TOT

KpnoGMOnOrMM

T. 20,2010, Ne3

nantly in all the fractions with molecular mass of ap-
proximately 200 kDa. The main mechanisms of anti-
oxidant protection in intracellular medium is known to
be highly specific enzyme antioxidants, in particular cata-
lase (molecular mass ~250 kDa), providing the decom-
position of hydrogen peroxide and preventing thereby
its involvement to Fenton's reaction with the formation
of hydroxyl radical [1, 3]. The comparing of the litera-
ture data and our findings allows to assume that the
reduced content of hydrogen peroxide in the samples
comprising HPE is stipulated with the effect of cata-
lase. The studied activity did not statistically and sig-
nificantly differ both after slow and rapid freezing
(Fig. 5).

One of the main mechanisms of biological macro-
molecules’ antioxidant protection in extracellular me-
dium are chelating compounds, binding transition metal
ions and preventing thereby their involvement into the
reactions of peroxide decomposition reaction with the
formation of hydroxyl radical. It was experimentally
found that chelating ability of placental extracts de-
creased after slow and increased after rapid freezing
(Fig. 6).

It has been shown that partial unfolding of proteins
occurring under the effect of heating or other stressor
factors increases antioxidant activity [ 10, 14]. The fact
that freezing also leads to the conformational changes
of protein molecules is known [6, 7, 10, 13, 18]. There-
fore the obtained results enable to speculate that freez-
ing leads to a rise in antioxidant activity due to confor-
mations changes of antioxidant molecules. Decrease
in the activity after rapid freezing may be related both
to the utilization of antioxidants for scavenging free
radicals or to their destruction during the solution con-
centrating at freezing.

16

14 4 I
2 12 .
g T
o S T
X2 g
0}
=
S
zQ 6
pogeal
&
O 47

2 .
CBe)KeBbI,D,eJ'IeHHbIVI' 3aMOpOXEHHbI ' 3aMOpPOXKEHHbIN
Fresh no —-20°C no-196°C

Frozen down to
-196°C

Frozen down to
-20°C

Puc. 6. Xenarupyromas aktuBHOCTh DI 1Y.
Fig. 6. Chelating activity of HPE.

204 problems
of cryobiology

Vol. 20, 2010, Ne3



(hakT, uTO 3aMOpaKMBAHUE TAKIKE PUBOTUT K KOHPOP-
MAaIlMOHHBIM M3MEHEHUSIM OEIKOBBIX MOJEKYH [6, 7,
10, 13, 18]. [To3TOMy nOTy4EHHBIE PE3YJIBTATHI TO3BO-
JIIOT NPEAION0KUTh, YTO 3aMOPAKUBAHUE TPUBOIUT
K YBEITMICHUIO aHTHOKCHIAHTHOM aKTUBHOCTH BCIIE]I-
CTBHE KOH()OPMAITMOHHBIX N3MEHEHUH aHTHOKCHTaHT-
HBIX MOJIeKYIT. CHIDKEHUE aKTUBHOCTH TIOCIIE OBICTPO-
r'0 3aMOPaKHBAHUSI MOXKET OBITH CBS3aHO KaK C pac-
XOJIOBaHUEM aHTHOKCHUIAHTOB Ha WHTHOMPOBAHME
CBOOOJIHBIX PAJNKAJIOB, TAK M C UX Pa3pyIICHUEM B
MpoIiecce KOHUEHTPUPOBAHUSI PACTBOpA IPHU 3aMOpa-
JKUBaHUU.

BbiBOADI

[Tpu Op1cTpOM 3aMOpAKUBAHUH TTOBBIILIAETCS AHTH-
OKCHJIaHTHOM akTUBHOCTH DIIY, koTOpas mposBiser-
Csl B YBEIMYCHHH CITOCOOHOCTH MHTHOMPOBATH CBO-
OOTHBIC paIUKaNIBl U XEIATUPOBATh NOHHI JKelie3a. B
OIIY noce ObICTPOTo 3aMOpaKUBAHUS TIPAKTUYECKH
HE N3MEHSAIOTCA JKEIe30BOCCTaHABINBAIOIIAs aKTHB-
HOCTb M CTIOCOOHOCTE pa3iaraTh IepeKruch BOJOPOAA.
[Ipn memanenHoM 3amopaxkuBanun JIIY cHmkaercs
UX aHTHOKCHJAHTHAsl aKTUBHOCTH (KpOMe CriocobHoC-
TH pasziaraTh NEPeKHCh BOAOPOJA), onpenaessemMast
pasnuuHeIMH MeTofamu. [lomydeHHbIEe pe3ynbTaThl
MTOKa3aJI, YTO AJIS BEIICHEHHSI MEXaHU3MOB BIUSHUSA
3aMOpaKMBAaHUA-OTTaNBAHNA HA aHTHOKCUIAHTHYIO
AKTUBHOCTH OMOJIOTHUECKUX OOBEKTOB HEOOXOANMBI
JlanpHeume uccnenoBanus. HecoMmHeHHbIN HHTEpEC
MIPEeCTaBIsET Tak)Ke OIpeeIeHHe POIH aHTHOKCH-
JTAHTHOW aKTUBHOCTH OEJTKOB, KOTOPask yBeITMUHNBACTCS
ocIie HU3KOTEMITEPaTyPHOTO BO3AEHCTBHS, IIPH JieUe-
HUU Pa3TUYHBIX 3200JIeBaHUH.
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Conclusions

After rapid freezing the HPE antioxidant activity
manifested in the ability to scavenge free radicals and
chelate ferrous ions increases. In HPE after rapid
freezing the ferric reducing activity and ability to de-
compose hydrogen peroxide do not change. After slow
freezing of HPE their antioxidant activity (except the
ability to decompose hydrogen peroxide), examined by
different methods, decreases. The findings have shown
that to elucidate the mechanisms of the effect of
freeze-thawing on antioxidant activity of biological ob-
jects the further investigations are needed. Of doubt-
less interest is also the evaluation of the role of protein
antioxidant activity, increasing after low temperature
effect, in the treatment of different diseases.
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