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Antioxidant Activity of Placenta Extracts After Low Temperature and
Hypothermic Storage

[IpencraBieHbl SKCIIEPUMEHTAJIbHbIC JaHHbIE, OJYYSHHbIC NPU CPABHUTEIBHOM OLICHKE BIUSHUS I'HIOTEPMUYECKOIO U
HU3KOTEMIIEPaTypPHOI0 XpaHEHUs Ha aHTHMOKCHJAHTHYIO aKTUBHOCTb 3KCTPAKTOB IIalleHTH! yenoBeka (DI1Y). AHTHOKCHIAaHTHYIO
AKTHBHOCTB OIIPEIEIIsUIN 0 CIIOCOOHOCTH BOCCTaHABIUBATh TPEXBaJIeHTHOE jkesie30 U ABTS-paankan, xeqaTupoBaTs HOHBI JKee3a, a
TaIKOKe M0 COZIepKaHuI0 (heHONBbHBIX coenHenuid. [Tokazano, uto npu xpanennu 1Y kak B xuakoM azote (—196°C), Tak 1 B MOPO3HIIBHON
kamepe (—20°C) B TeueHue 12 Mecs1ieB aHTHOKCHIIAHTHAs aKTUBHOCTH 00PA3L[0B OCTAETCS Ha BEICOKOM YPOBHE, & B YCJIOBUSIX TUIIOTEPMUU
(4°C) ona coxpaunsiercst He Oosiee 7 AHEH.

Kniouegvie cnosa: runorepMudeckoe XpaHeHHe, HU3KOTEMIIepaTypHOE XpaHEHHUE, SKCTPAKT IUIALleHThI YeJI0BEKa, aHTHOKCUIaHTHAs
AKTHBHOCTb.

[IpexacraBneHo ekcriepUMEHTaNbHI AaHi, OTPUMaHi IPH MOPIBHSJIbHIN OLHIII BIUIMBY IIIOTEPMiYHOTO Ta HU3bKOTEMIIEPAaTypHOIO
30epiraHHs Ha AaHTHOKCHIAHTHY aKTUBHICTb eKCTpaKTiB ruianeHTH moauau (ET1JT). AHTHOKCHIAHTHY aKTHBHICTh BU3HAYAIIH 32 30aTHICTIO
BIJIHOBIIIOBAaTH TpHUBaleHTHe 3ai3o Ta ABTS -panukai, xenaryBaTy i0HM 3a1i3a Ta 3a BMicTOM (eHOJIbHUX croyK. [lokasaHo, 110 3a
ymoB 30epiranust EITT sk y pigkomy azoti (—196°C), Tak i y Mopo3mibHiit kamepi (—20°C) Brponosx 12 MicsiiB aHTHOKCUIAHTHA
aKTHBHICTD 3pa3KiB 3aJIMIIAETHCS HA BUCOKOMY PiBHI, Y TOM yac sik B yMoBax rinorepmii (4°C) BoHa 30epiraeTbcs He Oinblie 7 IHIB.

Kniouosi cnosa: rinorepmiune 30epiraHHs, HU3bKOTEMIIEpaTypHe 30epiraHHs, eKCTPaKT IUIALCHTH JIIOIUHH, aHTHOKCUIAHTHA
AKTHBHICTb.

The experimental data, obtained under comparative evaluation of hypothermic and low temperature storage influence on human
placenta extract (HPE) antioxidant activity have been presented. Antioxidant activity was assessed by capacity to reduce the ferric
iron and ABTS" radical, to chelate ferrous ions and by phenolic compound content. Twelve-month low temperature storage both in
liquid nitrogen (-196°C) as well as in freezing chamber (—20°C) has been shown to preserve HPE antioxidant activity at a high level

while during hypothermic storage (4°C) such an activity keeps up to 7 days.
Key words: hypothermic storage, low temperature storage, human placenta extract, antioxidant activity.

OKcTpakThl muaneHTsl yenoseka (JI1Y), Gxaro-
Japst HATMYHAI0 B HUX OOJIBIIOTO KOJMYECTBAa TaKHX
OMOJIOTHYECKH aKTUBHBIX BEIIECTB, KaK OCIKY, TeT-
tunbl, PHK, JIHK, aMUHOKHUCIOTBI, MUKPO3JIEMEHTHI,
00JIa1al0T TepaneBTHYECKOW aKTUBHOCTHIO [12].
Iupokuii CoeKTp KIMHUYECKOrO ACUCTBUS IJIALEH-
TapHBIX TIpemapaToB OOBICHICTCS WX aHTUOKCH-
JIAaHTHBIMH CBOMcTBaMHU. BEII0 TTOKA3aHO in Vitro, 9TO
OITY criocoOHBI UHTMOMPOBATH THIPOKCHIIBHBIN, CY-
MEPOKCUIHBIN paJuKaibl, a TAKXKE OKUChH a30Ta; BOC-
CTaHABJIMBATh TPEXBaJIEHTHOE kene30 1 ABTS -pagu-
KaJl; XeJIaTHPOBATh MOHBI METAJUIOB TIEPEMEHHON Ba-
JIEHTHOCTH; MpPeNoTBPaLaTh NEPEKUCHOE OKUCICHUE
munuoB [ 1, 13]. Takas akTHBHOCTb 9KCTPAKTOB MOXKET
OBITH CBsI3aHA C HATMYMEM B HUX BEIIECTB, CIOCOOHBIX
OBITH IOHOPAMH IIEKTPOHOB: AaCKOPOMHOBON 1 MOYEBOI
KHCJI0T, (peHONbHBIX coemuHeHud, SH-comepxammx
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Human placenta extracts (HPE), due to the com-
prising of a large number of such biologically active
substances as proteins, peptides, RNA, DNA, amino
acids, microelements have a therapeutic activity [12].
A wide range of clinical effect of placental prepara-
tions is explained by their antioxidant properties. HPE
were shown in vitro as capable to inhibit hydroxyl, su-
peroxide radicals, as well as nitric oxide, to reduce the
ferric iron and ABTS"-radical; to chelate transition
metal ions and prevent lipid peroxidation [1, 13]. Such
an extract activity may be associated with the pre-
sence of the substances, capable for being electron
donors: ascorbic and uric acids, phenolic compounds,
SH-containing substances. However, the HPE antioxi-
dant activity is greatly stipulated by comprised proteins.

Cryopreservation is widely used to prolong the sto-
rage term for different preparations. However, after
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coenuHeHU. OMHAKO B 3HAYMTEILHON CTENICHW aHTH-
OKcuIaHTHas akTHBHOCTH DI 1Y o0ycoBeHa 6enkamuy,
BXOJISILIIMMU B UX COCTAB.

st mpojieHus: Cpoka XpaHeHUs pa3IuvyHbIX Mpe-
[apaToB LIHUPOKO MPUMEHSETCA KPUOKOHCEPBUPO-
Banue. OJIHAKO MOCIIe XPAHEHUS HKCTPAKTOB B 3aMO-
PO’KEHHOM COCTOSIHUU UX CBOMCTBA MOT'YT U3MEHSATh-
cs. [Iponiecc 3aMopaKuBaHUSA-OTTAUBAHUS CIIOCOOCH
WHUIMAPOBATH N3MEHEHNE KOH(POPMAITUH 1 arPETaIiio
OHMOJIOTHYECKIX MaKpoMOIIekyi [2, 7, 11], B Tom uncie
1 00JIaMaroMuX aHTHOKCHUIAHTHBIMUA CBOMCTBAMH.
[Toxazano, uyTo 6pIcTpOE 3aMopakuBanre D11Y moBbI-
[IaeT AHTHOKCUJAHTHYIO aKTHBHOCTE: YBEIIMUNUBACTCS
HX CIIOCOOHOCTh MHTHOMPOBATh CBOOOIHBIC paJnKa-
JIbI U X€JIaTUPOBATh UOHBI JKEJIe3a, MEJJIEHHOE 3aMO-
paxuBanue JI1Y cHUXKaeT UX AHTUOKCUIAHTHYIO aK-
TUBHOCTS [ 1]. Bemynyro posib B "3BMEHEHNHN aHTHOKCH-
JaHTHOM akTuBHOCTU JIIY, mo-BuaAMMOMY, UTparOT
KOH(OPMAIIMOHHBIE M3MEHEHUs OENKOB. XapakTep
BIIUSTHUS] HU3KOTEMIIEPATYPHOIO XpaHEHUS HA aHTUOK-
CHUJIAaHTHBIE CBOMCTBA CI0KHBIX KOMIIO3UIIUIA MaKpO-
MOJIEKYJ, @ B yacTHOCTH Ha DIIY, mpakTuyecku He
M3yYeH.

ens pabOThI — H3YyUNThH BIUSHUAE HU3KOTEMIIEpa-
TypHoro xpaHeHus OIIY Ha uX aHTHOKCHUAAHTHBIE
CBOIICTBA.

Matepuaabl n meToAbI

B pabote ncnonp30Baiy § MIaleHT, HOTyYeHHBIX
OT POXKEHHUII ¢ UX HUHPOPMUPOBAHHOTO coriiacus (CpoK
OepemenHocTH 38 Hezenb). CBEXYIO IJIALEHTY OTMBbI-
BaJld OT KPOBH M30TOHHYECKUM pacTBopoM NaCl.
Vnansiau aMHIOTHYECKHE 000IOUKY U COSAMHUTENb-
HOTKaHHBIE YJaCTKH KOTHJIEAOHOB. TKaHb TUTAllEHTHI
M3MenBIanu B roMorenusarope. K romorenary cae-
JKEeH TUTaleHThI J00ABIISIM PABHBIA 00bEM M30TOHH-
yeckoro pactBopa NaCl, mepememBany 1 OCTaBISLTH
Ut OKcTparupoBanus Ha 12 4. [Tocne 3Toro romore-
HaT neHTpudyruposanu 15 mun mpu 3000 g. Ilomyuen-
HBIA (PUIIBTPAT SBIISJICS BOJHO-COJIEBBIM SKCTPAKTOM
IJTALEHTHI.

Jig vccnenoBaHus BIAMSHHS THIIOTEPMUYECKOTO
XpaHEeHHUs Ha aHTHOKCHIAHTHYIO akTUBHOCTB DI Y, nx
XpaHWIH B XonoaunbHUKe Ipu 4°C 7 cyTOK.

J1s n3yuyeHusa BIMSHUSA HU3KOTEMIIEpAaTYypHOTO
xpanenus D114 momeniany B MIacTUKOBBIE TPOOUPKU
1 3aMopakuBaiiu 10 Temiepatyp —20 u —196°C B mo-
PO3WIBHON KaMepe U JKUIKOM a30Te€ CO CKOPOCTAMHU
1-2 n 100 rpag/MuH COOTBETCTBEHHO. 3aTEM 4acTh 00-
Pa310B OTOTPEBAJIH 1Tl HCCIIEIOBAHMSA BIUSHUS TPO-
1ecca 3aMOpaXMBaHHUSI-OTTAMBAHMS, OCTaBIIHECS —
XpaHWIH B TEUEHUE OAHOTO roja. OTorpes oCyIecT-
BIISUIM Ha BOAsTHOH OaHe mipu 20°C.

OtnenbHble (PAaKLUU SKCTPAKTOB MOIYYAIH Me-
TOJIOM Telib-XpoMaTorpaduu Ha KoJoHKe 27X1 cM ¢
cedanexcom G-200. Ha kononky nanocumu 0,5 mi 3kc-
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storing the extracts in a frozen state their properties
may change. Freeze-thawing process is capable to ini-
tiate a change in conformation and aggregation of bio-
logical macromolecules [2, 7, 11], including those with
antioxidant properties. Rapid freezing of HPE results
in arise of antioxidant activity: their capability to inhibit
free radicals and chelate ferrous ions increases, and
vice versa slow freezing leads to the reducing of their
antioxidant activity [1]. A key role in changed HPE
antioxidant activity is apparently played by conforma-
tional changes in proteins. The nature of low tempera-
ture storage effect on antioxidant properties of comp-
lex compositions of macromolecules, HPE in particu-
lar, has still remained poorly studied.

The research was aimed to study the effect of low
temperature storage of HPE on their antioxidant prop-
erties.

Materials and methods

The research was performed using 8 placentas,
derived from the parturients with their informed con-
sent (38 weeks of gestation). Fresh placenta was wa-
shed free of blood with NaCl isotonic solution. Amnio-
tic covers and connective-tissue sites of cotyledons
were removed. Placenta tissue was minced in homoge-
nizer. To fresh placenta homogenate we added an equal
volume of NaCl isotonic solution, mixed and left for
extracting for 12 hours. Afterwards the homogenate
was centrifuged within 15 min at 3000 g. The obtained
filtrate was an aqueous-saline placenta extract.

For studying hypothermic storage effect on HPE
antioxidant activity they were stored in refrigerator at
4°C during 7 days.

In order to investigate the low temperature effect
the HPE were placed into plastic vials and cooled down
to —20 and —196°C in freezing chamber and liquid ni-
trogen with 1-2 and 100 deg/min rates, correspond-
ingly. Then some samples were thawed for studying
the influence of freeze-thawing process itself, the rest
were stored within one year. The thawing was done in
a water bath at 20°C.

Individual fractions of extract were derived using
gel chromatography in 27x1 cm column with Sephadex
G-200. We applied 0.5 ml extract onto the column.
The resulted volume of fractions was 1 ml. Protein con-
centration was examined spectrophotometrically [5].

Reducing activity of both extracts and their frac-
tions was assessed by the method of Oyaizu (FRAP
method) [8]. The ability of placenta extracts to reduce
ferric-ferricyanide complex of Prussian blue was de-
termined by recording the absorbance at 700 nm. With
this aim, 0.2 ml of the sample were mixed with phos-
phate buffer (0.5 ml; 0.2 M; pH 6.6) and potassium
ferricyanide [K,Fe(CN),] (0.5 ml; 1%). The resulted
mixture was incubated at 50°C for 20 min, then 0.5 ml
of trichloracetic acid (30%) were added and the mix-
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TpakTta. Darorposainu ¢ppakuuu o 1 mir. Konnenrpa-
LU0 OeJIKa ONPEeACIISUTH CIEKTPOhOTOMETPHUIECKH [5].
BoccranaBnuBaroIyo akTHBHOCTb 3KCTPAKTOB, a
Takke ux (pakuuii oneHuBanu mo meroxy Oyaizu
(meton FRAP) [8]. CtocoOHOCTE 3KCTPaKTOB ILIa-
LIEHTHI BOCCTAHABIIUBATh KeJe30-(heppruiinaHu10BbINA
KoMmIuiekc bepmuHCKoH na3ypy onpenesisiiy Mo Moryo-
meHuto Ha JiuHe BoaHbl 700 uM. s storo 0,2 M
oOpa3iia cMenirBanu ¢ pocharusiM Oydhepom (0,5 mi;
0,2 M; pH 6,6) n peppunmanngom kamus [K,Fe(CN),]
(0,5 m; 1%). [ommyueHHY10 cMeCh BBLAEP)KUBAIIH TIPU
50°C B teuenue 20 MUH, 3aTEM K CMECH IT00aBIISUIN
0,5 M1 TpuxsopyKcycHol kucaoTh (30%) u puasTpo-
Banu. K 0,5 mut nonydennoro ¢uibrpara 100aBisiu
FeCl, (0,1 mi; 0,1%). CrieKTpbl IONIOIIEHNS 3AITMCHI-
BaJy Ha JytHe BoJaHBI 700 HM Ha CIeKTpo(oTOMETpE
Pye Unicam SP8000, Aurnus. YBenuueHne norione-
HUSI pEaKUMOHHONH CMECH CBHUIETEIBCTBOBAIO O
MOBBILIEHUHU CTIOCOOHOCTH 00pa3L0B BOCCTAHABINBATD
TpexBaneHTHOe *Kene3o (Fe*' - Fe?*). Jlnsa koHTpons
HCIIONIB30BAIH AaCKOPOMHOBYIO KUCIIOTY [8].
CriekTpoOoTOMETpUIECKUE HCCIIeJOBAHUS aHTH-
paauKaibHOM aKTUBHOCTH 00pa3IoB MPOBOIMIH T10
merony Re et al. [10]. ABTS*-xaTnoHHbII pagukain
nonyyanu nyteM peakuuu ABTS (2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid), 7 MM, Sigma) B
H,O ¢ ammonuii nepcyabdarom (2,45 MM, Sigma),
XpaHUBIIMXCA 12 4 B TEMHOTE MPU KOMHATHOM TeM-
nepatype. Pactsop ABTS" (0,1 M) pa3Bogunu auc-
TUWIJIMPOBAHHON BOJOM N0 BEIMYMHBI ONTHYECKOH
I0THOCTH, paBHOi 0,7 £ 0,02. McxonHble u moasep-
KEeHHbIe XpaHeHHI0 3KcTpakThl (0,1 mir) 1obaBisu K
MOJTy4YE€HHOMY BEIIECTBY U PErUCTPUPOBAIIM KHHETUKY
obOeciBeunBanus pactsopa ABTS-paaukana. Pe-
3yJIBTaThI IPEJICTABIISUIN B TIPOIIEHTaX U3MEHEHUSI T10T-
JIOTIEHHS HCXOAHOTO pacTBOpa ABTS™,
XenaTHpyIonIyl0 aKTUBHOCTh MCCIETyeMBIX 00-
pa3noB orneHuBaiM o Metoay Dinis ef al. [3]. K 0,2 mn
uccieayeMoro oopasia 100apisiin 2 MM pacTBopa
FeCl, (0,05 mi). Peakuuro ununuuposany nobasie-
HueM 5 MM depposuHa (Sigma). CMech BCTpSIXUBAIN
1 OCTaBISUIM IPHU KOMHAaTHOHN Temmneparype Ha 10—
15 muH. 3aTeM cHeKTPOPOTOMETPUIECKU U3MEPSIIH
MOTIOIIeHUEe 00pa3loB Ha JJIMHE BOJHBEI 562 HM.
XenaTupyrouryto aKTHBHOCTb OIPEIEIISUIN 10 CIIoco0-
HOCTH MCCJIElyeMbIX BEIIECTB CBSI3bIBATh HOHBI Fe?’,
B pe3yNbTaTe 4Yero yMEHbIIAI0Ch KOMMYECTBO OKpa-
reHHoro (heppo3uH-Fe*" komruiekca.
Oo1ee coneprxkanne GEeHOJI0B B 00pasiax u3mepsi-
JIM ¢ UcroJib30BanueM pearenta dosuna (Folin-Ciocal-
teu (FC)) mo metoay Singleton u Rossi [14] ¢ He3Ha-
YUTENbHBIMU U3MeHeHusIMH. ccnenyemblit oOpasen
(0,1 mi) cmermBanu ¢ 1,5 mn FC-pearenta, npenBapu-
TEJIBHO Pa3BEeI€HHOTO JUCTUILIMPOBAHHOM Bomo# 1:9.
[Tony4eHHy10 cMeCh BBIIEPKUBAIN 5 MUH TP TEM-
nepatype 22°C, 3areM K Hel J00aBIAIN PacTBOP
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ture was filtrated. The obtained filtrate (0.5 ml) was
mixed with FeCl, (0.1 ml; 0.1%). The absorbance spec-
tra were recorded at 700 nm using spectrophotometer
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 [8].

Spectrophotometrical studies of anti-radical activ-
ity in samples were carried-out according to the method
of Re et al. [10]. ABTS" cation radical was obtained
by means of ABTS reaction (2,2'-azinobis-(3-ethylben-
zothiazoline-6-sulfonic acid), 7mM, Sigma) in H,O with
potassium persulfate (2.45 mM, Sigma), stored for
12 hrs in the darkness at room temperature. The
ABTS" solution (0.1 ml) was diluted with distilled wa-
ter up to the value of optical density equal to 0.7 +
0.02. Initial extracts and those after storage (0.1 ml)
were added to the obtained substance and the kinetics
of ABTS" radical solution decolorization was recorded.
Results were presented as percentages of absorption
changes in ABTS" initial solution.

Chelating activity in the experimental samples was
assessed by the method of Dinis et al. [3]. 2 mM FeCl,
solution (0.05 ml) was added to 0.2 ml of the experi-
mental sample. The reaction was initiated by the addi-
tion of 5 mM ferrozine (Sigma). The mixture was sha-
ken and left at room temperature for 10—15 min. Then
the samples' absorbance was measured spectrophoto-
metrically at 526 nm. Chelating activity was determined
by the capability of the studied substances to bind Fe*
ions, resulting in a decreased number of stained ferro-
zine-Fe?* complex.

Total phenol content in samples was measured us-
ing the Folin reagent (Folin-Ciocaltea, FC) according
to the method of Singleton and Rossi [14] with slight
modifications. The studied sample (0.1 ml) was mixed
with 1.5 ml of FC-reagent, preliminary diluted 1:9 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 absorb-
ance at 725 nm was measured.

The findings were statistically processed using the
software Origin 6.1. Data in Figures are presented as
the mean =+ standard error. The value of the differ-
ences 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 most common ways for storing biologi-
cal objects in clinical practice is a hypothermic storage
(at 0...6°C). In order to determine the storage terms
of HPE under hypothermia, during which their antioxi-
dant activity remains preserved, as well as to reveal
the nature of changes in this activity, the extracts were
stored in domestic refrigerator at 4°C.
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Na,CO,(0,06%). Ilocne 30-MuHyTHOM MHKYOauK px
22°C u3Mepsi OMIOIIEHUE Ha JUTMHE BOJIHBI 725 HM.

[Ipu crarucTryeckoii 00paboTKe MOTYyUEHHBIX pe-
3yJBTAaTOB UCIOIB30BAITN IPOTPAMMHOE OOECTIEIeHIE
Origin 6.1. /lanHble Ha pUCYHKaxX MPHUBEICHBI KaK CPe.I-
Hee 3HaYeHue + CTaHJapTHas omHnOKa. 3HAYMMOCTb
pa3uuuii pe3yabTaToB B CBeKEBBIACICHABIX JIIY u
IOCJIe 3aMOPaKMBAHKA OIICHUBAI HA OCHOBAHWH T1ap-
HOTO t-TeCTa. YpPOBEHb CTATUCTUUECKON 3HAYMMOCTH
P <0,05.

Pe3yAbTatbl M 00Cy)xaeHue

OpuH U3 caMbIX PacHpOCTPaHEHHBIX CIOCOO0B
XpaHeHUs1 OMOJIOTMYECKUX NPENapaTroB B KITHHUYIECKOH
npaktuke — runorepmudeckui (pu 0...6°C). s
ompezaeneHust cpokoB xpaneHust JIIY B yciaoBusx
THIIOTEPMHUH, IPH KOTOPBIX COXPaHSAETCs UX aHTHOKCH-
JaHTHAas aKTUBHOCTb, 4 TAK)KE BBISICHEHHSI XapaKTepa
WM3MEHEHUS TaHHOW aKTUBHOCTHU SKCTPAKTHI XPaHIIN
B OBITOBOM XOnoAMmIbHUKE Tpn 4°C.

UccnenoBanus BIMSHUS THIIOTEPMUYECKOTO Xpa-
HEHUS Ha KEJIe30BOCCTAHABIINBAIONIYI0 AKTUBHOCTD
[TOKa3aJIx, YTO Ha 2-€ CyTK{ OHA IMOBBIIIAETCSI, OTHAKO
Ha 4-e HaOmoaercs ee cHwkeHue (puc.l). AHTHOK-
CHJIaHTbI, aKTUBHOCTb KOTOPBIX MOXKET OBITH OLICHEHA
3THM METOJIOM, — BEILECTBA C HU3KUMHU MOJIEKYJISIp-
HBIMH MacCaMH, 00JIaJaroIIre BEICOKUM OKHCITHTEb-
HO-BOCCTAaHOBHUTEIBHBIM TOTeHIHAIOM (<0,7 V)
(a-Tokoepon, ackopOuHOBas U MOYeBast KUCIOTHI,
(heHob1, monmpenos) [9].

Meroa omnpeneneHusl aHTUOKCHIAHTHON aKTHUB-
HOCTH, OCHOBAHHBIA Ha CIIOCOOHOCTH BOCCTaHaB-
muBatb ABTS*-paaukan, no3BossieT oueHuTs Oonee
LIMPOKHUHN CHIEKTP aHTHOKCHIAHTOB, BKJIIOYas M aHTHU-
OKCHJAHTBI C HU3KUM OKHCIHUTEIbHO-BOCCTAHOBHU-
TeTbHBIM TOoTeHIanoM. KuneTnka nHruOnpoBanus
ABTS -xaTtnoHn-pangukana uMeeT OBICTPYIO U M-
JeHHYI0 (ha3bl, YTO MO3BOJMIIO ONPENENUTh AKTUB-
HOCTB OBICTPO ¥ MEJIEHHO BOCCTAHABIMBAIOIIUX aH-
THOKCHUJAHTOB. AKTUBHOCTh OBICTPO BOCCTAHABIIH-
BAaIOLIMX aHTHOKCHIAHTOB (K HUM OTHOCSTCS acKop-
OMHOBast U MOUYEBasi KUCIIOTHI, (DEHOJIbHBIE COeINHE-
HUSI, O -ToKO(epos1, aAMUHOKUCIIOTHI, copepskarue SH-
TPYMIBl, BOCCTAHOBJIEHHBIN [Ty TaTHOH, YOUXUHOHBI)
MO>KHO OIIpEJIEINUTb IO YPOBHIO MHTMOWPOBAHHS OKpac-
KM B TeueHue nepBoix 10 c, aKTUBHOCTH MEAJICHHO
BOCCTAaHABJIMBAIOINX AaHTHOKCHAAHTOB (NIpEeUMYy-
[IECTBEHHO OEJIKOB M aMUHOKHCIIOT) MO CHIKEHHIO
HWHTEHCUBHOCTH OKPAaCKHU, KOTOpas HalIonanace ciie-
nytouue 390 ¢ [6, 9].

Cnoco6nocth DITY BoccranaBmuBath ABTS -pa-
JUKaJ B IPOIECCE TUITOTEPMHUYECKOTO XpPaHEHHS KaK
U aHTUOKCHJAHTHAS! aKTUBHOCTb, OIIpENeJIeHHAsl 110
metony FRAP, kak asnst OpicTpo, Tak u A71s1 MEAJICHHO
BOCCTaHABIIMBAIOIINX [IEHTPOB MOBBIIIIAETCS B TIEPBbIE
CyTKH XpaHeHud. IIpu panpHeileM XpaHeHUM OHa
cHmkaercs (puc. 2).

KpnoGUOnOrMM

T.21,2011,Ne3

294

Studies of hypothermic storage effect on ferric-
reducing activity demonstrated its increasing to the 2™
day, but to the 4% day we observed its decrease (Fig. 1).
The antioxidants, which activity may be assessed with
this method are the substances of low molecular
masses, possessing a high redox potential (0.7 V) (0-
tocopherol, ascorbic and uric acids, phenol, polyphe-
nols) [9].

The method of antioxidant activity assessment, based
on the ability to reduce ABTS" radical, enables to in-
vestigate a wider range of antioxidants, including those
with low redox potential. The kinetics of ABTS" cation-
radical inhibition has rapid and slow phases, which
enable to determine the activity of rapidly and slowly
reducing antioxidants. The activity of rapidly reducing
antioxidants (among these are ascorbic and uric acids,
phenol compounds, -tocopherol, amino acids with SH-
groups, reduced glutathione, ubiquinones) may be de-
termined according to the level of decolorization within
first 10 sec, the activity of slowly reducing antioxi-
dants (mostly proteins and amino acids) may be asses-
sed by a decrease in color intensity, observed within
following 390 sec [6, 9].

The HPE ability to reduce ABTS"-radical during
hypothermic storage, as well as an antioxidant activity,
determined by the FRAP method, both for rapidly and
slowly reducing centers increase within first storage
day. During following storage these indices reduce
(Fig. 2).

One of the main mechanisms for antioxidant pro-
tection of biological macromolecules in extracellular
environment is the action of chelating substances, bind-
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CpoK XpaHeHus1, CyTKu
Storage term, days

Puc. 1. BnusHue runoTepMuuecKoro XpaHeHUs Ha JKele30-
BOCCTaHaBJIMBAIOLIYO akTUBHOCTH DI1Y; * — 1ocTOBEpHOCTH
otanuuii no cpaBHeHuto ¢ OITY Ha nepBeie cyTku, P <0,05.

Fig. 1. Effect of hypothermic storage on HPE ferric-reducing
activity; * —statistical significance of differences as compa-
red to the data of the first day, P < 0.05.
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Puc. 2. BnusHue runotepMUdIecKkoro XpaHeHH!s! Ha CII0co0-
Hoctb JITY BoccranasnuBate ABTS -pangnkan: 1 —OsicTpoe
BOCCTAHOBJICHHE; 2 — MEJIJICHHOE BOCCTAaHOBJICHUE; 3 — 00-
1ee BOCCTaHOBJIECHHE; * — JOCTOBEPHOCTh OTIMYUH IO
cpaBHeHH1o ¢ OITY Ha nepssle cyTku, P <0,05.

Fig. 2. Effect of hypothermic storage on HPE capability to
reduce ABTS*-radical: 1 — rapid reduction; 2 — slow one;
3 —total reduction, * — statistical significance of differences
as compared to the data of the first day, P <0.05.

OnHUM U3 OCHOBHBIX MEXaHHM3MOB aHTHOKCH-
JAHTHOMW 3aIIUTHl ONOJIOTMYECKUX MaKpPOMOJIEKYJT BO
BHEKJICTOUHOMW cpelie SBISIIOTCA XeJIaTHBIE COeANHe-
HUSI, CBSI3BIBAIOLINE HOHBI METAJJIOB IEPEMEHHOH Ba-
JIEHTHOCTU W TPENSTCTBYIONINE UX BOBICYCHHUIO B
peaKIyy pa3ioxKeHus epekncei ¢ 00pa3oBaHUEM THJI-
POKCHIIBHOTO pajaukaia. beio mokasano, 4to gaHHas
AKTHUBHOCTH ITOJIHOCTBIO UCUE3aET Ha 4-€ CYyTKU I'MII0-
TEPMHUIECKOTO XpaHeHus (puc. 3).

IToBbIIEHE aHTHOKCUAAHTHON aKTUBHOCTH OBICT-
PO BOCCTaHABIMBAIOILUX LIEHTPOB, KeJIE30BOCCTAHAB-
JUBAIOIIEH U XelaTHUPYIOLEeH criocoOHoCTel Ha 2-¢
CYTKH THIIOTEPMHUUYECKOTO XPaHEHHS, BO3SMOKHO, CBSI-
3aHO C HAKOIJIGHHMEM MOYEBOH KUCIIOThI, 00pa3yromiei-
cs1 B pe3ynbrare pacnana AT® u mogoOHBIX CTPYKTYD
[15]. D10 mpeanonokeHUE MOATBEPKAACTCA 3HAUU-
TEJNBHBIM CHIDKEHHEM ONTHYECKOW IMJIOTHOCTH MpH
260 HM B Tporiecce XpaHeHHs BO (PPAKIHAX C MOJIEKY-
nspHON Maccoit Hmxke 5 x/la (puc. 4).

Habnronaemoe B TOT e TIEpUOJ MOBBINICHUE aH-
THOKCHJIAHTHOW aKTHBHOCTH ME/IJICHHO BOCCTaHABIIH-
BAIOIIHX [IEHTPOB, TIO-BUANMOMY, CBSI3aHO C TUCCOIHA-
el OeNKOBBIX MOJIEKYN MJIM MX Pa3pyLICHUEM TOA
JEUCTBHEM NMPOTEOTUTUIECKUX ()EPMEHTOB U C YBEIH-
YEeHHEM JOCTYIMHOCTH aHTUOKCUIAHTHBIX TPy Oe-
KOB. DTO NPETNOIOKEHHE OCHOBBIBAETCS Ha PE3yJIbTa-
Tax reJb-xpoMaTorpaduu: B mpoluecce XpaHeHus yBe-
JIMYMBAETCS OTHOCUTENILHOE CoZiepKaHue Oeka B HU3-
KOMOJICKYJISIPHBIX (ppakiusx (puc. 5).
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ing transition metal ions and preventing thereby their
involvement into the reactions of peroxide decomposi-
tion with the formation of hydroxyl radical. This activi-
ty was shown as completely disappearing to the 4
day of hypothermic storage (Fig. 3).

An increased antioxidant activity of rapidly reduc-
ing centers, ferric-reducing and chelating capabilities
to the 2™ day of hypothermic storage is probably asso-
ciated with the accumulation of uric acid, resulted from
decomposition of ATP and similar structures [15]. This
assumption is confirmed by a significant decrease of
optical density at 260 nm during storage of fractions
with molecular mass lower than 5 kDa (Fig. 4).

The observed within the same period an increased
antioxidant activity of slowly reducing centers is ap-
parently related with the dissociation of protein mo-
lecules or their decomposition under the effect of pro-
teolytic enzymes as well as the augmentation of pro-
tein antioxidant group availability. This assumption is
based on the results of gel chromatography: during sto-
rage there is an increase in a relative protein content in
low molecular fractions (Fig. 5).

Phenolic compounds are the most effective free ra-
dical scavengers. Hypothermic storage was noted as
resulting in a decrease of total phenol content in HPE
(Fig. 6).

Thus, the results obtained testify to the fact, that
during HPE hypothermic storage a significant reduc-
tion of antioxidant activity within one week is observed.
This is apparently stipulated by structural changes in
antioxidants or their utilization for inhibiting the oxidants,
formed during storage.
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CpoK XpaHeHus1, CyTKu
Storage term, days

Puc. 3. BnusiHue runoTepMU4YeCKOro XpaHeH!s Ha XeIaTu-
pymoryr akTuBHOCTH DITH; * — 10CTOBEPHOCTH OTIMYHUI
o cpaBHeHuto ¢ OITY Ha nepssle cyTky, P <0,05.

Fig. 3. Effect of hypothermic storage on HPE chelating ac-
tivity; * — statistical significance of differences as compared
to data of the first day, P <0.05.
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deHoNbHBIE COeTMHEHUS SBISIOTCS Hanboee d¢-
(beKTHBHBIMH ‘‘TiepexBaTYNKaMu’ CBOOOTHBIX PaIu-
KanoB. OTMEUYEHO, YTO THIIOTEPMHUYECKOE XPAHEHUE
MPUBOAUT K CHIDKEHHIO 00I1Iero coaepkanust eHoIoB
B OIIY (puc. 6).

Takum 00pa3om, MosyyeHHbIE pE3yIbTaThl CBUE-
TENbCTBYIOT O TOM, YTO B IIPOLIECCE TUIIOTEPMUUEC-
koro xpaHeHus: DIIY Habmionaercs 3HAUYUTENBHOE
CHIDKEHNE aHTHOKCHIAHTHOW aKTHBHOCTH B TEUEHHE
OIHOM HeZleNu. JT0, IO-BUIMMOMY, O0YCJIOBIIEHO CTPYK-
TYPHBIMH H3MEHEHHUSMHU aHTHOKCHUAAHTOB WIIH UX pac-
XO/I0BaHHWEM Ha MHTHOWpOBaHHE 00pasylomuxcsa B
MIPOIIECCE XPAHEHUS OKUCITUTEIEH.

Xpanenne D114 mpu oTpULaTEIHHBIX TEMIIEPATY-
pax 12 Mecs1eB MO3BONSIET 3HAYUTEIBHO COXPAHUTD
AHTUOKCHJAHTHYIO aKTUBHOCTb SKCTPAKTOB.

XKenezoBoccranaBnuBaronias akTUBHOCTh OIIY
nocie ObIcTporo 3aMopaskusanus 10 —196°C ¢ mocne-
OYIOIIUM OTOTPEBOM U IOCIE XPaHEHMs B TEUECHHUE
rojia Ipy TOH ke TeEMIEpaType HE U3MEHSETCS, a Xpa-
Henne npu —20°C MpUBOIUT K TOTIOTHUTENFHOMY CHH-
YKEHHIO ’KeJIe30BOCCTAHABIIUBAIOIIEH aKTUBHOCTH 110
CPaBHEHHMIO C 3aMOpaKUBaHHEM-OTTanBaHueM (puc. 7).
YMeHbIIIEHHE )KeIe30BOCCTAHABINBAIOIIEH aKTHB-
HOCTH B TPOLIECCE XPAHEHUSI MOXKET OBITh CBSI3aHO CO
CHIDKeHHEM cofeprkanus B D1 1Y HU3KOMOJIEKYIAPHBIX
AHTHOKCHU/IaHTOB, B YaCTHOCTH MOUYEBOH KHCIOTHI [4].

AHanu3 KHHETUKH BoccTaHoBieHus ABTS'-pa-
JUKaJIa oKasai, 4TO JaHHAsl aKTUBHOCTH IIOJTHOCTBIO
COXpaHSETCs OCIIE HU3KOTEMIIEPATYPHOTO XpaHEHNUSI.
XpaHeHue 3kcTpakToB pu —196°C He BHOCHITO JONOI-
HUTEJbHBIX H3MEHEHNH B aKTUBHOCTH OBICTPO ¥ MEI-
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Puc. 5. I'enp-xpomarorpammel 11U nocne xpaHeHus npu
4°C:O-wucxoxnsri O11Y; M- D114, xpanusmmuiics 3 cyTok
mpu —20°C.

Fig. 5. HPE gel chromatography after storage at 4°C: 00—
initial HPE; M- HPE, stored for 3 days at —20°C.
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Puc. 4. I3MeHeHne onTu4eckoil IoTHOCTH pu 260 HM B
Pa3IMYHBIX (PaKLUIX, TOTYYEHHBIX METOJIOM T'eJIb-XpOMa-
Torpaduu B riporecce xpanenus npu 4°C: 00— ucxonHbIi
OITY; M- 3OITY, xpanusmmuiics 3 cytok mpu —20°C.

Fig. 4. Changes in optical density at 260 n in different frac-
tions, isolated with gel chromatography method after sto-
rage at 4°C: O— initial HPE; - HPE, stored for 3 days at
—20°C.

HPE storage under negative temperatures within
12 months enables a high retaining of antioxidant ac-
tivity of the extracts.

The HPE ferric-reducing activity after a rapid freez-
ing down to —196°C with following thawing and after
one-year-storage at the same temperature remains
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Puc. 6. Conepxanue ¢penonon B 1Y mocse xpaHeHHs pu
4°C; * — 1OCTOBEpHOCTb OTIAMYMH 10 cpaBHeHH0 ¢ DITY Ha
nepsble cyTku, P <0,05.

Fig. 6. Phenol content in HPE after storage at 4°C; * — sta-
tistical significance of differences as compared to data of
the first day, P <0.05.
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Puc. 7. XKenesoBoccranasimBaromias criocoonocts DI1H: 1 —
CBEXEBBIJICICHHBIX; 2 — 3aMOpoXeHHBIX 10 —20°C; 3 —
xpanuBmuxcs npu —20°C; 4 — 3amopoxkeHHbIX 10 —196°C;
5 —xpanuBImxcs mpu —196°C; * — 1ocToBepHOCTH OTIHMYHH
IO CpaBHEHUIO O cBexkeBbIeneHHbIMU DITY, P <0,05; #—
JOCTOBEPHOCTh OTJIMUUI MO cpaBHeHHIO ¢ OIIY mocne
3aMopakuBaHus-oTTauBanus; P <0,05.

Fig. 7. HPE ferric-reducing capability: 1 — fresh extract; 2 —
frozen down to —20°C; 3 —stored at —20°C; 4 — frozen down
to—196°C; 5 —stored at —196°C; * — statistical significance
of differences as compared to fresh HPE, P <0.05; #— statis-
tical significance of differences as compared to HPE after
freeze-thawing per se, P <0.05.

JICHHO BOCCTAaHaBJIMBAIOIINX [IEHTPOB aHAJIOTUYHO T10-
Ka3aTeJsiM DKCTPAKTOB COOCTBEHHO IMOCIE 3aMopa-
KUBaHUSA-OTTanBaHus (puc. 8). AKTUBHOCTH OBICTPO
BOCCTAHABJIMBAIOINX aHTHOKCHIaHTOB B DI1Y mocie
xpanenus npu —20°C ObLIa BBIIIE IO CPAaBHEHHIO CO
3HAYEHHUSAMH, TTOTYICHHBIMH ITOCIIE 3aMOPAKIBAHHS-
OTTaMBaHUA, aKTUBHOCTh MEJJIEHHO BOCCTaHABIIH-
Barormux ABTS™ camxanace (puc. 8).
Xenartupyromas aktuBHocTh JIIY mocne xpane-
Hus npu —20°C 3HaUNTENHHO MOBBIIIATACH [T0 CPaBHE-
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unchanged, but the storage at —20°C results in an ad-
ditional reduction of ferric-reducing activity if compared
to freeze-thawing per se (Fig. 7). Decrease in ferric-
reducing activity during storage may be associated to
the reduction in HPE of low molecular antioxidant con-
tent, uric acid, in particular [14].

The analysis of ABTS" radical kinetics reduction
demonstrated this activity as completely preserved af-
ter low temperature storage. The extract storage at
—196°C did not contribute in any additional changes in
the activity of rapidly and slowly reducing centers simi-
larly to the extract indices after freeze-thawing (Fig. 8).
The activity of rapidly reducing antioxidants in HPE
after storage at —20°C was higher, than the values,
obtained after freeze-thawing, the activity of slowly
reducing ABTS™ decreased (Fig. 8).

The HPE chelating activity after storage at —20°C
significantly increased as compared to their activity,
measured right after freeze-thawing. The HPE sto-
rage at—196°C made no additional changes in the value
of their chelating activity (Fig. 9).

The investigation of phenolic compound content in
HPE revealed no statistically significant changes in their
content after low temperature storage both at —20 and
—196°C if compared to the HPE after freeze-thawing
per se (Fig. 10).

The results obtained have shown that low tempera-
ture storage of HPE at —196°C caused no additional
changes of antioxidant activity as compared to freeze-
thawing per se.

During storage of HPE at —20°C we observed a
change in their capability to reduce ABTS" radical and
to chelate ferric ions. These changes likely occur as a
result of proteolytic enzymes functioning at this tem-
perature, that is confirmed by gel chromatography data
about the rise in a relative content of low molecular
protein substances after long-term storage or macro-
molecule dissociation (Fig. 11).

Puc. 8. Biusinue pa3nuyHbIX CPOKOB U TEMIIEPATYP XPaHEHUS
Ha aKTUBHOCTH OBICTPO M MEAJICHHO BOCCTAHABIIMBAIOIINX
ABTS"-pagukain neatpos SI1TY: 1 — cBeXeBBIICTICHHBIX; 2 —
3amopokeHHBIX 10 —20°C; 3 —xpanuBmmxcs npu —20°C; 4 —
3aMOpOXKEHHBIX 10 —196°C; 5 — xpanuBmmxcs npu —196°C;
O — 6sicTpoe BoccTaHoBNIeHNE; O — MeTIEeHHOE BOCCTaHOB-
nenne, M — obmee BoccTaHOBIEHNE; * — TOCTOBEPHOCTH
OTJIMYMH MO CPaBHEHHUIO CO CBEXeBblAeIeHHbIMU OIIY
P <0,05; #— nocroBepHOCTh OTJIMYMIA TIO cpaBHEHMIO ¢ DITY
nocJie 3aMopaxuBanus-orrauBanus, P <0,05.

Fig. 8. Effect of different terms and storage temperatures on
the activity of rapidly and slowly reducing ABTS" radical
HPE centers: 1 — fresh extract; 2 — frozen down to —20°C;
3 —stored at —20°C; 4 — frozen down to —196°C; 5 — stored
at—196°C; O - rapid reduction, O — slow reduction, M —
total reduction; * — statistical significance of differences as
compared to fresh HPE, P <0.05; # — statistical significance
of differences as compared to HPE after freeze-thawing
per se, P<0.05.
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Puc. 9. Xenarupyromas akruBHocTh DI1Y: 1 — cBexeBbI-
JIENIEHHBIX; 2 —3aMOPOKEHHBIX 10 —20°C; 3 — XpaHUBIIUXCS
pu —20°C; 4 —3amopoxkeHHBIX 10 —196°C; 5 —XpaHUBIIIXCS
pu —196°C; * — 10CTOBEpHOCTH OTIMYHH 110 CPABHEHHIO
co ceexkeBbIeeHHbIME DI Y, P<0,05; # — 10CTOBEPHOCTH
oTImuui 1o cpaBHeHuto ¢ OIMY mocne 3amMopakuBaHUs-
otrauBanus, P <0,05.

Fig. 9. HPE chelating activity: 1 — fresh extract; 2 — frozen
down to —20°C; 3 — stored at —20°C; 4 — frozen down to
—196°C; 5 —stored at —196°C; * — statistical significance of
differences as compared to fresh HPE, P <0.05; # — statisti-
cal significance of differences as compared to HPE after
freeze-thawing per se, P <0.05.

CBs3aHHoe xenes3o, %
Chelated iron, %

HUIO C UX aKTUBHOCTBHIO, U3BMEPEHHON Hemocpen-
CTBEHHO IOCJIE 3aMOPaKUBaHUA-OTTABAHUS. XPaHe-
are 114 mpu —196°C nomoHATETHHO HE BHOCHIIO U3-
MEHEHHU B 3HAYEHUE UX XEJIATUPYIOIIEH aKTUBHOCTHU
(puc. 9).

Uccnenoranue conaepkanus B D11 deHOIbHBIX
COEMHEHHH MTOKa3ajo, YTO HU3KOTEMIIepaTypHOe Xpa-
Henue kak npu —20°C, tak u ipu —196°C He TPUBOIUT
K JOCTOBEPHOMY M3MEHEHHIO NX COAEPKAaHUsI 110 CPaB-
Henuto ¢ D114, koTopeie ObLIH MOABEPTHY THI 3aMOpa-
KUBAHUIO-OTTanBaHuIo (puc. 10).

[lonyyeHnHsle pe3ynbTaThl MOKA3aiH, YTO HU3KO-
teMneparypHoe xpanenue O11Y npu —196°C ne npu-
BOJUT K JOIMOJHHUTEIBHOMY M3MEHEHHIO aHTHOKCH-
JAHTHOM aKTUBHOCTH IO CPABHEHHUIO C IPOLIECCOM 3a-
MOpaXHBaHUA-OTTaUBAHUSL.

B mpouecce xpanenus DY mpu —20°C Habr0-
JTaeTCsl N3MEHEHHE UX CIIOCOOHOCTH BOCCTaHABJIMBATh
ABTS"-pagukan u xenatupoBaTh HOHBI XKeje3a. Haun-
OoJiee BEpOATHO, ITU U3MEHEHUS TPOHUCXOJST B pe-
3ynbrare (YHKIIMOHUPOBAHUS MPOTEOIUTUYECKUX
(hepMeHTOB MpH ATOH TemIeparype, YTO MOATBEPXK-
JaeTCsl TaHHBIMHU Tellb-XpoMarorpaduu o0 yBennde-
HUH OTHOCUTEIBHOTO COAEPIKAHMS HU3KOMOJIEKYJISIP-
HBIX OEJIKOB MOCJIE IJTUTEIFHOTO XPAHEHUS ITH JUCCO-
LUaly MaKpoMoneKy (puc. 11).

He nabmonanock U3MEHEHUS] ONTHYECKON TLIOT-
HOCTH MpH 260 HM B HU3KOMOJICKY/ISIPHBIX (DPaKIUsX,
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Puc. 10. Conepxanue Gpenosion B DITU: 1 —3aMOpOKEHHBIX
110 —20°C; 2 — xpanusimxcs pu —20°C; 3 — 3aMOpO’KEHHBIX
10 —196°C; 4 — xpanuBmuxcs npu —196°C; xoHTposb —
cBexeBbiAeacHHBIN DI1Y; ¥ — 1OCTOBEPHOCTH OTIMYHI 10
CpaBHEHHMIO CO cBexkeBbIneneHHbpMu D114, P <0,05.

Fig. 10. Phenol content in HPE: 1 — frozen down to —20°C;
2 —stored at —20°C; 3 — frozen down to —196°C; 4 — stored
at—196°C; control is fresh HPE; * — statistical significance
of differences as compared to fresh HPE, P <0.05.

Phenol content, % of control

CopepxaHue ¢eHomnoB, % OT KOHTpons

No changes were observed in optical density at
260 nm in low molecular fractions, isolated by gel chro-
matography method in HPE, stored at —20°C, enabling
to suggest that no decay process of low molecular
nucleotides occurred at —20°C.
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Puc. 11. T'enp-xpomarorpamma D114, xpanusmerocs 12
Mecste npu —20°C: O— ucxoxnsrii J11Y; M- 3114, xpa-
HuBIMIics 3 cytok npu —20°C.

Fig. 11. Gel chromatography of HPE, stored for 12 months
at—20°C:O-initial HPE; M—HPE, stored for 3 days at—20°C.
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MIOJTy9€HHBIX METOJIOM Telb-XxpoMaTtorpadun B 114,
xpanuBmuxcs npu —20°C, 94To MO3BOISAET BHICKA3aTh
npexnonoxenue: npu —20°C npouecc pacnaaa HU3KO-
MOJIEKYJISIPHBIX HYKJIEOTUAOB HE IPOUCXOUT.

BbiBOABI

Taxum 00pa3om, I3MEHEHUST aHTUOKCHJAHTHOM aK-
tuBHOCTH DI 1Y nocie xpanenus nmpu —196°C o0yciioB-
JICHBI TOJBKO MPOIECCAMHU, MPOUCXOASAIIUMHU TPH
3aMOpaXKMBaHUK-OTTauBaHUU 00pa3ioB. B nporecce
xpanenus npu —20°C HaOMIOIA0TCS TOTIOTHATEIHHBIC
W3MEHEHUS aHTHOKCHJIAHTHONW aKTUBHOCTH I10 CpaB-
HEHHIO C pe3yJIbTaTaMy IOCJE 3aMOPaKUBaHHI-OT-
TauBaHUS, CBSI3aHHBIE C IIPOTEKAHNEM OKUCITUTEITLHBIX
peakuuit, IpUBOIAIIMNX K IOTEPE HUZKOMOJIEKYIISIPHBIX
AHTHOKCUJAHTOB, omnpenensembix Metogqom FRAP.
Kpome Toro, HabirOma0TCs U3MEHEHUS, MIPEIOIO-
JKUTENBHO SBISIOMIMECS PE3yJbTaToOM MPOTEKAHUS
MPOTEOTUTHUECKUX peakiuil. Tem He MeHee XpaHeHue
OINY xak nmpu —196°C, tak u npu —20°C no3Bosser
COXPaHUTh BBICOKYIO aHTHOKCUAAHTHYIO aKTHBHOCTD
o0OpasnoB B TeueHne 12 mecdAieB, B TO BpeMs Kak
MIPU TUTIOTEPMUICCKOM XPAaHEHUU €€ 3HAUYUTEIHLHOE
CHIDKEHHE HaOI0NaeTcsl Mociie MepBOi HeJeNn Xpa-
HEHVSL.
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Conclusions

Thus, the changes in HPE antioxidant activity after
storage at —196°C are stipulated only by the processes,
occurring under samples’ freeze-thawing. During sto-
rage at —20°C there are observed the additional chan-
ges in antioxidant activity as compared to the results
after freeze-thawing per se, associated with proceed-
ing of oxidative reactions, resulting in a loss of low
molecular antioxidants, determined by the FRAP
method. In addition, there are noted the changes, pre-
sumably resulting from proteolytic reactions proceed-
ing. However, the HPE storage both at —196 and
—20°C enabled to preserve a high antioxidant activity
in samples after 12 months, meanwhile under hypo-
thermic storage its significant decrease was observed
during the 1 week of storage.
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