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Role of Pro- and Antioxidant Properties of Biologically Active
Substances When Increasing Cell Resistance to Hypothermia
and Cryopreservation

V.I. KaBacHNY, N.I. GorBUNOVA
National Pharmaceutical University, Kharkov

HccnenoBano BAMSIHUE PA3IMYIHBIX IO XMMHYECKOH MpUpoje Ononorndecky akTUBHEIX BemecTs (BAB) Ha mpomeccs! nepeKucHOro
oxucienns amuaoB ([10JT) memOpaH u anTHOKCHIAHTHYTO (AQO) GepMEHTHYIO CHCTEMY B CIIEpPMATO30M1aX ObIKa B YCIIOBHSX THIIOTEPMHN
1 KpHOKOHCepBHpoBaHysL. [TokazaHo, 4To peryrsmys 6aaHca MeK Ly IPo- ¥ aHTHOKCHIAHTHOH CHCTEMaMH KJIeTKH TP yIaCTHH IPOH3BOIHBIX
rerepo3unoB (I1I') K321 u K322 obecrieunBaer yCcTONYMBOCTD KIETOK K OXJIXKICHHIO, HA YTO YKa3bIBACT MOBBIIICHUE MOJBHKHOCTH
JIEKOHCEPBUPOBAHHBIX KJIETOK COOTBETCTBEHHO Ha 33,6 (p<0,05) 1 44,6% (p<0,05) B cpaBHEeHHH ¢ KOHTpOsIeM. CTHUMYIISINS TOABIKHOCTH
HaTHBHBIX criepMaTo30noB neHTokcupmuiHOM (I1D) n kodernHom (KD) conpoBokmaercs nosbimenreM [10J], 4To MoKeT OBITH OTHUM U3
(hakTOpOB CHIDKEHMS MX (DYHKIIMOHATEHONM aKTHBHOCTH IOCTIE KPHOKOHCEPBUPOBAHHSI.

Kniouegvie cnosa: ciepMaTo30nabl, THIOTEPMUS, KPHOKOHCEPBHPOBAHNUE, IEPEKUCHOE OKUCIICHHUE JIMITUI0B, aHTHOKCHIAHTEIL.

JlocmimkeHo BIUIMB Pi3HUX 32 XIMIYHOIO MTPUPOIO0 010JIOTIYHO aKTHBHUX PEYOBUH Ha MPOIIECH MEPEKUCHOTO OKUCHEHHS T IiB
(ITOJI) memOpaH Ta aHTHOKCUAAHTHY (PEPMEHTHY CHUCTEMY B CIiepMaTo3oinax Oyras 3a yMOB TilmoTepMii Ta KPiOKOHCEPBYBAaHHS.
[ToxazaHo, 4To0 peryJsiiis 6amaHCy MiX IPO- Ta AHTHOKCHIAHTHOKO CHCTEMaMH KIIITHH 32 Y9acTIO oXiqHuX rerepo3umai K321 i K322
3abe3mneuye CTIHKiCTh CIIEPMAaTO301IiB IO OXOJIOPKEHHS, Ha 10 BKA3y€ MiABUICHHS PYXJIHUBOCTI JEKOHCEPBOBAHUX KIIITHH BiIIOBiTHO
Ha 33,6 (p<0,05) Ta 44,6% (p<0,05) y mopiBHsAHHI 3 KOHTpOsIeM. CTUMYIISLIs pyXJIHBOCTI HATHBHUX CIICPMATO301/(iB MEHTOKCH(iTiHOM
i koeinoM cynpoBomkyeTbes miaBumeHHs M [1OJ], o Mosxe OyTH OXHUM i3 PaKTOPiB 3HIKEHHS 1X (PYHKIIOHATBHOT aKTUBHOCTI TiCIISt
KpIOKOHCEpBYBaHHS.

Knrouoei cnosa: cniepmaro3oinm, rinoTepmisi, KpioKOHCEPBYBaHHS, IEPEKUCHE OKHUCIICHHS JIiITiIiB, AHTHOKCHUIAHTH.

The effect of biologically active substances (BAS) with different chemical origin nature on lipid peroxidation (LPO) processes in
the membranes and an antioxidant (AO) enzyme system in bovine spermatozoa under hypothermia and cryopreservation, was under
study. The regulation of balance between pro- and antioxidant cell systems with participation of K321 and K322 heteroside derivatives
provides a cell resistance to cooling, that is manifested by an increase in the motility of frozen-thawed cells by 33.6 (p<0.05) and
44.6% (p<0.05), correspondingly in comparison with the control. The motility stimulation in native spermatozoa with pentoxifylline
(PF) and caffeine (CF) is accompanied with LPO increase, that can be one of the factors of a decrease in their functional activity after

cryopreservation.

Key-words: spermatozoa, hypotermia, cryopreservation, lipid peroxidation, antioxidants.

Teopernueckas 0CHOBa JOITOBPEMEHHOTO HU3KO-
TEMIIEpaTypHOr0 XpaHEeHUsI OMOJIIOTHYECKOTO Mare-
puana — TepMOKHHETHYECKas 3aBUCIMOCTD CHUKEHHUS
CKOPOCTH XMMHUYECKHX (B TOM 4HCIEe U OMOXUMHU-
YeCKHX) MPOIECCOB OT Temmeparypbl. OgHaKo B
MHOTOYHMCJIEHHBIX pabdoTax yTBepxkmaaercs (hakT
nateHcuukanuu I10JI memOpaH B ycioBHAX
OXJIAKACHHS, HHAYLIUPYEMOT0 YCHIIEHHOM MPOTyKIIEN
cynepokcua-anuona (O,7), 4TO CUMTAETCS OJHHUM W3
(hakTOPOB HapyIIEHHS UX LEIOCTHOCTH U CHHKEHHUS
(YHKIIMOHATBHON aKTUBHOCTH KJIETOK IOCIIE OTOIpeBa
[10,11].

B cBs131 ¢ 3TUM yCHIIHSI MHOTHX HCCIIeIOBaTeNei
HaIlpaBJIEHbI HA “TylIeHHe” aKTUBHBIX (POPM KHCIIO-
pona (A®K) BBeneHNEM aHTHOKCUIAHTOB B CPEIBI
IUTSE XpaHEeHHsI OMONIOTHYecKoro marepuana [2, 12].

Theoretical base for a long-term low temperature
storage of biological material is thermokinetic
dependency of a decrease in the rate of chemical
processes (including biochemical ones) with a
temperature reduction. The fact of LPO intensification
in membranes under cooling, induced by a strengthened
production of superoxide-anion (O,"), considered as
one of the disorder factors in their integrity and a
decrease in functional activity of cells after thawing,
is stated in numerous papers [10, 11].

In this connection the efforts of many researchers
are directed to the “extinction” of active oxide forms
(AOF) by the AO introducing into the media for
biological material storage [2, 12]. However this way
for cryoprotective media modification did not find a
wide application due to the limitation of nomenclative
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OnHako JMaHHBIH crioco0 Moaudukanuu Kpuosa-
ITUTHBIX CPE HE HAIIEN IMTAPOKOTO MPUMEHEHHSI 3-32
OTPaHUYEHHOCTU HOMEHKJIATYPHOIO CIIEKTPa BEIIECTB,
Pa3HOHAMPABICHHOTO WM Malod(p(EeKTUBHOTO HX
JNEUCTBUS U BUAOCTICHU(PHIHOCTH OMOIOTHYECKOTO
Marepuana.

Lens HacTOsmEd paboOThl — UCCIENOBAHUE
3aBHCHUMOCTHU KPUOIPOTEKTOPHBIX CBOUCTB PAa3IUUHBIX
o xuMuueckoi mpupoze bAB ot ux aHTHOKCHAaHTHON
akTuBHOCTH. OOBEKTOM HCCIIEIOBaHUSA OBLIH
BBIOpPAHBI MMPOU3BOAHBIC TETEPO3UTOB, KPUOIPO-
TEKTOPHOE NEHUCTBHE KOTOPHIX U €T0 MEXaHH3M
omnurcaHsl B [3].

Martepuanbl n metoanl

MarepuaiaoM HccleJOBaHUs CIyXXHJa cruepMma
ObIKa. DAKYJIAT OJHOTO >KMBOTHOTO (KOJIHMYECTBO
00pa3uoB n=7) pa3daBisaU TIOKO30-UUTPATHO-
XKENTOYHOH cpenoil. KoHuenTpauus cnepmMaTo3onios
B cycneH3uu cocTaBisiiaa 20 MIH KIETOK/MII.
HUccnenyembie BemectBa 10 monb/n 7-metni-N-
maneorerepo3ua (K321) u 107 mons/n N-majeo-
rerepo3una (K322) 6pinu mo6GaBieHb B COCTaB
CTaHJIapTHOM NIMIEPUH-COAEPKALIEH KPUO3AIIUTHOM
cpenpl, B KOTOPOW MHKYyOHMpOBaldW HaTHUBHBIE
cnepmaro3ousl ipu 37°C B Teuenue 30 MuH, ocie
4ero KJIeTKH xpaHuiu 3 1 npu 4°C 1 3aMopakuBaju
10 CTaHJapTHOM MeToauke [9], ororpeBanu mpu 40°C
Ha BoAsHOW OaHe. [[ns cpaBHeHMs OBLIM BBIOPAHBI
MPOU3BOHBIE MeTHIKCcaHTHHA: 3,5%1073 Monb/n
nenTokrokcupmuaa ([1D) 6,0%10 Monb/n kopenna
(K®) 1 aHTHOKCHAHT TIyTaTHOH BOCCTAaHOBIICHHBIH
(T'B) ¢ xontentpanueit 2% 107 monb/n. KoHTponbHbIe
00pasiibl CoAepIKaIN IKBUBAJICHTHBIH 00beM Oydepa
Tupone (pH 7,2). buonormuecknii CKpUHUHT Ha
KPHUOTIPOTEKTOPHYIO aKTUBHOCTH ITPOBOIMIIN, UCCIIE-
Iy MUKPOCKOTIMYECKUM METOJIOM MOABUKHOCTH
CIIEpMAaTO30UI0B 10 W TOCJE MPOBEACHUS LHKIA
3aMOpakKMBaHHUSI-0TTanBaHus. HaTuBHEBIE 1 OTOTpETHIE
[IOCJIE THITOTEPMHUHN U KPHOKOHCEPBUPOBAHUS ClIEpMa-
TO30HU/IbI BBLACISITN AU depeHInanbHbIM HEHTPU Y-
rupoBanreM npu 1000 0o6/mun B Teuenue 10 muH,
CylepHaTaHT OTAENsIH, a 0CAJOK OTMBIBAIH H
pecycnennuposanu B Oydpepe Tupone (pH 7,2).
Copnepxxanue wmanoHoBoro amanpiaeruna (MIA) B
CIIepMAaTO30MIaxX OICHUBAIHU II0 TECTy ¢ THOOapOu-
TypoBoii kucnotoit (TBK), ncnons3ys nabop “Arar”
(Poccus). Onpenensii akTUBHOCTh (PEPMEHTOB:
cynepokcuaaucmyTassl (COJI) mo creneHu TopMoKe-
HUS peaKIiui OKHCIEeHNUs KBepIieTnHa [4], Ty TaTnoH-
penykrassl (I'P) mo y6sin HAJI®H B peaxmuu c
OKHCJICHHBIM IJTyTaTHOHOM [8], IIyTaTHOHIIEPOKCH-
nassl (I'T]) mo yOriu I'B B mepokcuaasHoii peakuu,
WHUIIMMPOBAHHOM € MOMOILBIO TpeT-OyTuna [6],
KaTaja3bl 10 CKOPOCTH Pa3IoKEHUs IEPEKUCH BOJIO-
pona [7]. Ilpu u3mepennu conepkanust oo1ero oenka
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spectrum in substances, their differently orientated or
slightly efficient action and biological material specificity.

The aim of this work was to investigate the
dependency of BAS cryoprotective properties with a
different chemical origin on their AO activity. As the
investigation object we selected heteroside derivatives
which cryoprotective effect and its mechanism were
described in the paper [3].

Materials and methods

Bovine sperm was the material for investigation.
The ejaculate for one animal (number of samples, n=7)
was diluted with glucose-citrate-yolk medium. The
spermatozoa concentration in a suspension made 20
million cells/ml. The studied substances of 10-* mol/l
7-methyl-N-maleoheteroside (K321) and 107 mol/l
N-maleoheteroside (K322) were added to the
composition of standard glycerol-containing
cryoprotective medium, where the native spermatozoa
were incubated at 37°C for 30 min, after that the cells
were stored for 3 hrs at 4°C and frozen by the standard
methods [9]. They were thawed on water bath at
40°C. Such methylxanthine derivatives as: 3,5x107
mol/l pentoxifylline (PF) and 6.0-10~* Mol/I caffeine
(CF) and AO recovered glutathione (RG) with 2x103
Mol/l concentration were selected for comparing. The
control samples comprised the equivalent volume of
Tyrode’s buffer (pH 7.2). Biological screening for
cryoprotective activity was performed by studying the
spermatozoa motility before and after freeze-thawing
cycle by means of microscopic method. The native
and thawed after hypothermia and cryopreservation
spermatozoa were isolated using differential cent-
rifuging under 1000 rpm during 10 min, a supernatant
was removed and the sediment was washed-out and
resuspended in Tyrode’s buffer (pH 7.2). The malone
dialdehyde (MDA) content in spermatozoa was
estimated by the test with thiobarbituric acid (TBA)
using the “Agat” kit (Russia). The activity of enzymes
was determined as following: for superoxide dismutase
(SOD) it was done by the inhibition degree of meletin
oxidation reaction [4], for glutathione reductase (GR)
by the NADPH decrease in the reaction with oxidised
glutathione [8], for glutathione peroxidase (GP) by RG
decrease in peroxidase reaction, initiated with tret-butyl
[6] and for catalase by the rate of hydrogen peroxide
disintegration [7]. When measuring the content of a
total protein in a sample with biuretic method we used
the standard “Agat” kit (Russia). The results were
statistically processed using the SPSS statistical software.

Results and discussion

Biological screening of heteroside derivatives for
cryoprotective activity included the investigation of
motile native and frozen-thawed spermatozoa, frozen
in cryoprotective medium, containing the studied
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B o0Opasme OMypeTOBBIM METOJOM HCIIOJIH30BaTU
cTaHaapTHeId HaOop “Arar” (Poccus). Pesymbrarst
CTaTUCTHYECKH 00pabaThIBaIl NPU MOMOIIY [aKeTa
CTaTHCTUYECKUX MporpaMMm SPSS.

Pe3yAbTaTbl M 00Cy)XA€HHe

Buonorunueckuii CKpHHUHT TPOU3BOIHBIX T€TEPO-
3UJIOB Ha KPUOMPOTEKTOPHYIO aKTUBHOCTH BKITFOYAIT
WCCIIeIOBAaHNE TIOABIKHOCTH HATUBHBIX U JIEKOHCEP-
BUPOBAHHBIX CIIEPMATO30MI0B, 3aMOPOKEHHBIX B
KpUO3alIUTHOM cpelne, cojJiepKalllell ucciienyemble
BemecTBa (pucyHok). CHUXEHHE MOJBUKHOCTHU
3aMOPO’KCHHO-OTTasTHHBIX KJIeTOK Ha 28,8% obHapy-
KWUIH B cpene, conepkamieit 11D, Torna kak K321 u
K322 coxpanuim ux noaBUKHOCTb Ha YPOBHE, KOTOPBIH
ObLI cCOOTBeTCTBEHHO Ha 33,6 u 44,6% BhIlIE, UeEM B
JNEKOHCEPBUPOBAHHOM KOoHTpole. JloOaBieHune B
Kpuo3ammuTHyto cpenay I'B He mpuBeno k moctoBep-
HOMY TIOBBIIIICHUIO TTOIBIYKHOCTHU JIEKOHCEPBUPOBAH-
HBIX CIIEPMATO30HJIOB B CPaBHEHUU C KOHTPOJIEM.
Pesynbrarel sKcieprMeHTa yKa3bIBalOT Ha TO, YTO
METHIJIKCAaHTHHBI HE 00J1aJal0T KPUOTIPOTEKTOPHBIMU
cBoiicTBamu [13], a reTepo3uaBI MPOSBIIIA KPHOTIPO-
TEKTOPHYIO akTUBHOCTH. JleiicTBue I'B npu 3amopa-
KUBAHUN (PU3HOJIOTUYECKH TOJHOICHHBIX CIepMa-
TO30MI0B OKA3JI0Ch MaJ03(p(PEKTHBHBIM.

UccnenoBanue BiausHusg oxiaxnenusd Ha [10JI u
AO-(depMeHTHYIO CHCTEMY CIIEPMaTO30UI0B ITOKa3a-
JI0, YTO XpaHEHHWE KIETOK B YCIOBHSIX THIIOTEPMHHU
COTIPOBOXKIAETCSI MTHTHOWPOBAaHUEM CKOPOCTH TPOTE-
kanus npoueccoB I10JI, o yeM CBUAETENBLCTBYET
cHkeHue coaepxanust MJIA na 20%, uHakTUBaIUEH
CO/l Ha 68,5 u I'P na 45,3%, Torma kak akTUBHOCTh
I'Tl Bo3pocna Ha 65,8%, a aKTUBHOCTh KaTajas3bl B
KJIETKe BOooOIIe He mposiBuiack (tada. 1). Ilocme
KpHOKOHCEepBHUpOBaHus conepxkanue M/IA B ciepma-
TO30HM/1aX TOCTOBEPHO HE W3MEHWJIOCH B CPABHEHUHU
¢ HOpMOTepMuUei, onHako akTuBHOCTE COJl moHu3m-
nmack Ha 71,1, I'P — na 52,0, a I'TI — Bcero numib Ha
15% 1o OTHOIIEHHIO K HCXOAHOMY YPOBHIO (Tabm. 1).
W3 monmy4eHHbIX pe3yIpTaToB CIEeMYeT, YTO MpOTeKa-
HUEe OMOXUMHYECKHUX MPOIIECCOB B KIIETKE MOTIHHSET-
Csl 3aKOHaM XMMHYECKON KUHETHKH, T.€. COIPOBOXK-
naetcs ymeHblieHneM AO-(hepMeHTHON aKTHBHOCTH
n uarubuposanuem I1OJI mpu cHUKEHUHU TeMmIie-
parypsl. IIposiBnenne aktuBHoctu 'l B ycioBusax
TUTIOTEPMHUU MOXET OBITH 00YCIIOBJIEHO OOJbIIEH
yCTOMUMBOCTBIO epMeHTa K oxmnaxaeHuto no 0°C
W/WIH yBEJIMYCHUEM KolimdecTBa cyocTpara. KprokoH-
CEepPBHUPOBAHHE CIIEPMATO30MIOB C MOCIEAYIOIINM
OTOTPEBOM COMPOBOXKIANOCH OOIBIINM CHIKEHHUEM
AKTUBHOCTH (JEPMEHTOB IO CPaBHEHUIO C THIIOTEP-
MUEH, 4TO, BEPOSTHO, SIBISIETCS PE3yJIBTaTOM KpPHO-
JNECTPYKIIUU KaK caMuX (DepMEHTOB, TaK U CTPYKTYp-
HBIX DJIEMEHTOB KJIeTKH. BMecTe ¢ TeM, Kak 1 B ciry4ae
¢ dHepromnpoxynupyrmumMu pepmenramu [3], nons
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substances (Figure). A decrease in the motility of
frozen-thawed cells by 28.8% was revealed in the PF-
containing medium, meanwhile K321 and K322 kept
their motility at the level, by 33.6 and 44.6% higher,
correspondingly, than in a frozen-thawed control. The
addition of GR into a cryoprotective medium did not
result in a statistical and significant augmentation of
motility in frozen-thawed spermatozoa in comparison
with the control. The experiment results indicate the
fact that the methylxanthines have no cryoprotective
properties [13], but heterosides manifested it. The RG
action when freezing physiologically integral
spermatozoa occurred to be of low efficiency.

The investigation of cooling effect on LPO and AO-
enzyme system of spermatozoa demonstrated, that the
storage of cells under hypothermia was accompanied
with inhibiting the rate of LPO proceeding, that was
testified by a decrease in MDA content by 20%, SOD
inactivation by 68.5 and GR by 45.3%, meanwhile the
GP activity augmented by 65.8% and catalase activity
in a cell was not manifested at all (Table 1). After
cryopreservation the MDA content in spermatozoa did
not statistically and significantly change in comparison
with normothermia, however the SOD activity reduced
by 71.1, for GR it was by 52.0 and only by 15% for
GP in comparison with the initial level (Table 1). The
obtained results show that the biochemical process
proceeding in a cell are subjected to the rules of
chemical kinetics, i.e. are accompanied with a reduction
of AO-enzyme activity and LPO inhibition during
temperature decrease. The manifestation of GP
activity under hypothermia can be stipulated by a

60

_I_

T
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30 A

MoasuxHocTb, %
Motility, %

20 4

10 A

KoHTporib Nno K321 K322 B
Control PF K321 K322 GR

IToaBMIKHOCTH JEKOHCEPBUPOBAHHBIX CIEPMATO30HIOB,
XPaHUBIIUXCS B CTAaHAAPTHON KPUO3AIIUTHOU cpere,
coneprkaiieii mobaBku BAB.

Motility of frozen-thawed spermatozoa, stored under stan-
dard cryoprotective medium with BAS additives
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KPUOTECHHBIX MMOBpEXAC-HUN
He3HauuTelbHa U coctaBuia s COJL
2,6, a nna I'P — 6,7%. Ilpu stom
cHmxenue aktuBHocTH ['TI Ha 15% 1o
OTHOIICHHUIO K UCXOTHOMY YPOBHIO U Ha
49% 10 OTHOIIEHHIO K THIIOTEPMHYEC-
KO aKTUBAIIMH MOXKET OBITH 00BSICHEHO
OOJBIIMM TIOBPEXKIECHUEM MHTOXOH]I-
pUaNbHBIX (EPMEHTOB B CPaBHEHHUH C
[MTOIUIA3MAaTHYECKUMH, TaK Kak 1/3 ot
o6ritero coneprxanus ['TI mokamuzopaHa
B MeMOpaHax MHTOXOHApHUH [1].
Hopmomepmus. JIns oneHKH BKJa-
na AO koMIOHEHTHI B 3Q()EeKTHBHOCTh
KpHonpoTeKkTopHoro aeicrsus bAB
HCCIEAOBANN BIUSHUE MPOU3BOAHBIX
rerepo3unoB Ha [10JI u AO dhepmeHTHI
B HATUBHBIX criepMaro3onax (tadm. 2).
[IpenapatamMu cpaBHEHUS CITY>KUAITU Me-
TUJIKCAHTHUHBI, CTUMYJIHUPYIOIIUE SHEP-
rOBBIPA0OTKY B cIiepMaTo30uaax [S], u
aHTUOKCUJaHT ['B, ucnonb3yemslil Kak

Tadaumna 1. Conepxanne MJIA u aktuBHOCTH AO (hepMEHTOB B
CIIEPMATO30MIaX, XPAHHBLINXCS B YCIOBUSIX HOPMO-, THIIOTEPMHH H
KPHOKOHCEPBUPOBAHUS

Table 1. MDA content and AO enzyme activity in spermatozoa, stored
under conditions of normo-, hypothermia and cryopreservation

AKTUBHOCTb (hepMEHTOB
Enzyme activity
YcroBus MAA HMOAL/T I'P,uMoAB
XpaHeHus Gerka HAAOH/r
Storage MDA ,nMol/g C(geA;;E;/ r FHg;}](\izT/F Geaka
conditions of protein GR,nmol
SOD,ng/g of GP, pcat/g of NADPH/g of
protein protein .
protein
I:IOPMOTepMP."‘ 0,4070,045 251,37£66,4 53,2718,77 0,29620,084
ormothermia
frmorepMas 0325+0,064> | 79,13+2365' | 8833%2573 | 0,162=0,029'
ypothermia
Kpuokoncep —
BUPOBaHUE 0,422=+0,082 72,53+3,75 453=+3,4 0,142=+0,017
Cryopreservation

ITpuMeyaHue: 10CTOBEPHOCTb Pa3IMYUid 110 OTHOLICHHUIO K HopMoTtepmun: '— p<0,01,

2 p<0,05.

Notes: statistically significant changes comparing to the data of normothermia,
'— p<0.01, * — p<0.05.

n00aBKa K KPUO3AUNIUTHBIM CpeAaM Ui XpaHeHUs
crepMaTo3ouioB Obika [2]. MHKyOanusi HAaTHBHBIX
criepMaro30u0B ¢ [1® u KO npuBena kK HOBBIIIEHUIO
conepxanust MJIA B knetkax Ha 34,4 u 20,1% coot-
BETCTBEHHO. J[eiicTBME METHUIKCAHTHHOB HAa aKTHB-
HOCTh AO dhepMeHTOB HeomHO3HAUHO: 1D mHTHONpPO-
Bas aktuBHOCTE CO/l Ha 38,9% ¥ HE BIUSI Ha TITyTa-
THOH-3aBUCHMBIE ()epMEHTHI, Torna kKak K® moBeIcu

greater enzyme resistance to cooling down to 0°C and
by an increase in substrate amount. The spermatozoa
cryopreservation with following thawing was accom-
panied with a greater reduction of enzyme activity in
comparison with hypothermia, that probably resulted
from a cryodestruction in both enzymes themselves
and cell structural elements under freezing and thawing
conditions. However as in the case of energy-pro-

Ta0auua 2. BivsiHre METUIIKCAaHTHHOB U FE€TEPO3UIOB Ha COIEPHKAHUE
M/IA u aktuBHOCTH AO (pepMEHTOB B HATUBHBIX CIIEPMATO30HAaX
Table 2. Effect of methyl xanthines and heterosides on the MDA content

and AO enzyme activity in native spermatozoa

AKTUBHOCTB (pepMeHTOB
Enzyme activity
u M,
o | Mo e
Studied MDAnMol/g | COANI/T T kKar/r HAAGH/x
bst, f protei
substance ot protein SOD,ng/g of GP, pcat/g of GR,nmol
protein protein NADPH/g of
protein
Konrpoan 0,4070,045 251,3766,4 53,27+18,77 0,2960,084
Control
no + 2 + + +
PFE 0,545=+0,072 153,6+8,75 57,17+16,87 0,305=+0,070
Ié% 0,489=+0,170? 135,77+30,95! 64,17+19,5 0,192=+0,070?
K321 0,303=+0,007 182,8+45,1% 73,27+2,21! 0,483=+0,095?
K322 0,312=+0,003 150,63+33,9* 57,23+17,78 0,204+0,045%
IE(% 0,623=+0,024! 277,47+104,82 46,77+13,39? 0,202=+0,070?
IpumeyaHue: JOCTOBEPHOCTD Pa3IMUMii 110 OTHOLICHHIO K KOHTpOO: ' —p<0,01,
2— p<0,05.
Notes: statistically significant changes comparing to the control data, ! — p<0.01,
2 — p<0.05.
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ducing enzymes [3], a part of cryogenic
damages was insignificant and made 2.6
for SOD and 6.7% for GR. At the same
time a decrease in GP activity by 15%
in respect to the initial level and by 49%
in respect to hypothermic activation can
be explai-ned by a high damage in
mitochondria enzymes if comparing with
cytoplasmic ones, because the 1/3 of the
total GP content is localised in mitochond-
ria membranes [1].

Normothermia. In order to estimate
the contribution of AO component into
the efficiency of BAS cryoprotective
effect there was investigated the influen-
ce of heteroside derivatives on LPO and
AQO enzymes in native spermatozoa
(Table 2). The preparations for compa-
ring were as follows: methylxanthines,
stimulating energy production in sper-
matozoa [5], and RG antioxidant, used
as an additive to cryoprotective media
for bovine spermatozoa storage [2]. The
incubation of native spermatozoa with PF
and CF resulted in the augmentation of
MDA content in cells by 34.4 and 20.1%,
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aktuBHOCTH COJ] u I'TI Ha 46,9 u 19,5% cooTBeTcCT-
BEHHO U HHTHOMpoBai akTuBHOCTE [P Ha 35%. ['ete-
po3uael K321 u K322, Hao60poT, HHTHOMPOBAIIN HE
TosbKO mpoaykuuio MJIA Ha 25,6 u 23,3%, HO u
aktuBHOCTh COJl Ha 27,3 u 40% COOTBETCTBEHHO.
Ha rnyrarnon-3aBucumeie )epMEHTHI T€TEPO3HIbI
JIEeHCTBYIOT No-pazHomy: K321 moBbICHI aKTUBHOCTh
I'll u I'P na 37,6 u 63,2% COOTBETCTBEHHO, TOTrAa
kak K322 ue Biwsut Ha akTuBHOCTS | 11 1 nHTHOMpOBa
aktTuBHOCTH ['P Ha 31,1%. [locne unkybanuu
crepmato3onioB ¢ I'B coxepkanue M/IA moBbicH-
nock Ha 53,1% Ha ¢one cHmkenus aktuBHOCTH [P Ha
31,8 u I'll mva 12,2%. B ganHOM CiIydae OYEBUIHO
npookcuaaHTHoe Aeiicteue I'B.

B [1, 14] coobmanock, uto I'B MokeT 0ka3pIBaTh
HE TOJBKO aHTHOKCHIAHTHOE, HO U MMPOOKCHAHTHOE
nerctBue. BepoaTHo, mposiBIeHUE TPOOKCUIAHTHOM
akTUBHOCTH ['B B IaHHBIX yCIOBHAX OmpeaenseTcs
€ro U30BITOUYHBIM KOJTMYECTBOM, YTO MOXKET CITYKHTb
HUCTOYHUKOM CBOOOITHBIX PaluKaIOB.

AHanu3 NOJTy4YeHHBIX JaHHBIX TO3BOJIHI MPEIo-
JOXHTH, 4yTo uHTeHcupukanus [10JI npu nevicTBum
METHJIKCAaHTHHOB B YCJIOBHUSIX HOPMOTEPMUU 00y CITOB-
JIeHa MX SHEPrOCTUMYIUPYIOUINM JEHCTBUEM U fB-
JISIeTCSA pe3yabTaToM YCHUJICHHUS BCeX MeTaboiudec-
KHX TPOILIECCOB B KJIETKE. Y T€TepO3UI0B OTMEYEH
HE3HAUUTEIbHBIN, HO OAMHAKOBBIN 1O BenuyuHe AO
a¢dext. Habnromaemoe npu 3ToM MOHMKEHNE aKTHB-
HocTH COJl MOXKHO paccMaTpuBaTh Kak MPOSIBICHHE
KOMITCHCaTOPHOH peaKIyy B yCIOBUSIX HHTMOUPOBaHUS
[TOJI rerepo3uaamu, Wi WHAKTHBANUSA (epMEHTa
MIPOUCXOMUT B PE3YJIbTaTe YCUICHHOTO “TYLICHUS UM
AO®K Ha HayanpHBIX 3Tamnax UX HPONYLHPOBAHUS
(r=0,99). 3HaunTenbHas aKTHBAIUS TIYTaTHOH-
3aBUCUMBIX epMeHToB mpu aerictBun K321 Bce xe
yKa3bIBaeT Ha NMPOTEKaHHE NEPEKUCHBIX MPOIECCOB,
a IpeBalIMpOBaHUE aKTUBHOCTH [ P 10 OTHOIIEHUIO K
I'Tl nouru B 2 pa3a CBUACTEILCTBYET 00 ajabTepHa-
TUBHOM ITyTH HUBenupoBaHus AOK. Hecmorpst Ha To,
yt0 K321 1 K322 sBistoTcs npeacTaBUTENIMUA OAHOTO
psana BAB, mexanusmel narnoupoBanus [1OJ] mpu ux
Bo3jeHcTBUM pa3Hble. Tak, mpu Bo3aeicTBuu K322
KOpPeJSIIMOHHBIA aHATIM3 yKa3all Ha OTCYTCTBHUE CBSI3H
MEXIy BCEMH H3y4aeMbIMH IOKa3aTesIMH, CIeAO-
BaTeNbHO, IOHWXKEHUE coaepxanus MJIA, BeposTHo,
00yCIIOBJIEHO €r0 HEMOCPEACTBEHHBIM BIUSHUEM Ha
MIPOOKCUIAHTHYIO CHCTEMY KIIETOK.

T'unomepmusa. AHamOTHYHBIE HCCIIETOBAHUS
OBLTH ITPOBEACHBI TIOCIIE TUIIOTEPMHYESCKOTO XpaHEHHST
cnepmaro3ou1oB (Tadi. 3). B ycloBusiX runoTepMuun
Bce BAB ycunmunu nponykimuro I1OJI. Conepxanue
MIA B cpenax c [I®, K&, K321, K322 u I'B
noBeIcuyIOCh Ha 14,5; 44.,3; 36,3; 44,31 55,7% coot-
BeTcTBEHHO. [Ipu 3TOM HabII012710CH CHHXPOHHOE T0-
BhIieHne aktuBHOCTH AO pepmenToB. Hanbombias
aktuBauuga ormeuanach ansa COJl, akTUBHOCTH
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correspondingly. The effect of methylxanthines on the
AO enzyme activity is not uniform: PF inhibited the
SOD activity by 38.9% and did not affect the gluta-
thione-dependent enzymes, whereas CF increased the
SOD and GP activity by 46.9 and 19.5%, corres-
pondingly, as well as inhibited the GR activity by 35%.
In contrast, the K321 and K322 heterosides inhibited
not only MDA production by 25.6 and 23.3% but the
SOD activity by 27.3 and 40%, correspondingly.
Heterosides affect glutathione-dependent enzymes in
a different way: K321 increases GP and GR activity
by 37.6 and 63.2%, correspondingly, K322 does not
affect GP activity and inhibits GR activity by 31.1%.
After incubating spermatozoa with GR the MDA
content increased by 53.1% at the background of
reduction of GR activity by 31.8 and GP by 12.2%. In
this case a prooxidant effect of GR is evident.

In the papers [1, 14] there was reported about the
fact, that RG could cause not only AO but pro-oxidant
effect as well. The manifestation of RG pro-oxidant
activity under these conditions is probably determined
by its surplus amount, that can serve as the source of
free radicals.

The data obtained analysis allowed to suppose that
the LPO intensification under methylxanthines effect
under normothermic conditions was stipulated by their
energy-stimulating effect and was a result of strengthe-
ning of all metabolic processes in a cell. A slight but
equal on the value AO effect was noted in heterosides.
The observed at that decrease in SOD activity can be
considered as the manifestation of compensatory
reaction under conditions of LPO inhibition by
heterosides or the enzyme inactivation occurs as a result
of its strengthened “extinction” of AOF at the initial
stages of their production (r=0.99). Nevertheless the
considerable activation of glutathione-dependent
enzymes under K321 effect indicates to the proceeding
of peroxide processes, and the predomination of GR
in respect to the GP almost twice testifies to an
alternative way of AOF levelling. In spite of the fact,
that K321 and K322 are the representatives of one
BAS series, the mechanisms of LPO inhibition under
their effect are different, thus, under K322 effect a
correlative analysis indicated to the absence of the link
between all studied indices, consequently, a decrease
in MDA content is probably stipulated by its direct
effect in pro-oxidant system of cells.

Hypothermia. The similar investigations were
conducted after hypothermic storage of spermatozoa
(Table 3). Under hypothermia conditions all BAS
strengthened the LPO production. The MDA content
in the media with PF, CF, K321, K322 and RG
increased by 14.5, 44.3, 36.3, 44.3 and 55.7%,
correspondingly. At the same time there was observed
an increase in the AO enzyme activity. The highest
activation was noted for SOD, which activity

PROBLEMS
OF CRYOBIOLOGY
2004, N3



KOTOpOU Bo3pocia Ha 66,4; 47,6; 71,5;
56,51 30,4%, coOOTBETCTBEHHO. AKTHUB-
Hocts I'TI B cpenax, comepxammux 1D,
K®, K322 u I'B, Takxke yBenuuuaach

Tadmuua 3. BiustHre METHIKCAHTHHOB U TeTEPO3HUI0B Ha COZIEp)KaHNe
MJIA n aktuBHOCTH AO (hepMEHTOB B CIIEPMaTO30HaX, XPAHHUBIIIXCS B
YCIIOBHSIX THIIOTEPMHHN

Table 3. Effect of methylxanthines and heterosides on the MDA content
and AO enzyme activity in spermatozoa, stored under hypothermia

cootBeTcTBeHHO Ha 40,0, 50,6, 36,6 conditions

0 -
30,4%, omHAKO STH BEIIECTBA HHIUOU ARTHBROCTS (epseHTOR
poBamu I'P. Enzyme activity

AHanu3 MOJy4YEHHBIX Pe3yJIbTaTOB Vccaeayemoe | MAAHMOAB/T o
BeIIeCTBO Gerka HMOAD
yKa3blBA€T Ha TO, YTO HCCIEAYyEMBIE Studied MDA,nMol/g C%{EZ/F mgﬁ?” H%Acilj/r
BEIIECTBA HE TOIBKO BOCCTAHABIUBAIOT substance ofprotein | g5 ng/gof | GP, peat/g of GR,nmol
akTuBHOCTh AO (epMEeHTOB moOCIE protein protein NADPH/g of
protein
TUTIOTEPMHUH, HO ¥ PETYIUPYIOT IIPH ITOM
OamaHC MEXIy Mpo- U aHTHOKCHIAHT- KomTpoL 0,325%0,064 79,13=23,65 88,33=25,73 0,162=0,029
HOW (hepMEHTHBIMHU CHCTEMAaMH. YCHIIe-
uue I1OJI npu posnencTeuu [1® u KO lgg) 0,375+0,062* 131,7+32,95*% 123,67+7,77 0,122+0,068*
MOJKET OBITh HE TOJBKO COIPSIKEHO C
o KO
ux 3HepFOCTI/IMyJII/IpyIOH.II/IM JEHUCTBUEM, CF 0,469=+0,151* 116,83+41,25% 133,00+22,60* 0,147=+0,029*
HO 1 00yci0BIeHO nHruoupoBanuem [P,
Ha 9TO yKa3blBAeT IOJNOKUTEIbHAs K321 0,443%0,041% | 186,53+92,85% | 74,33%+3232% | 0,1390,039*
KOppEIsAusd MEXIY COIEpKAHUEM
MJIA 1 akTHBHOCTBI0 (epmenTa (r=0,89 K322 0469+0,074% | 12383%36,1* | 12067+404 | 0,132%0,034*
2

n r=0,93 cooTBeTCTBEHHO). OTCYTCTBHE B
KOPPEJISIIIH MEIKITY AKTHBHOCTHI0 COJ RG 0,5060,236* | 103,4=40,0% 11567585 | 0,1370,045*

1 NOBBILIEHHEM conepxanus MJIA
CBHJICTEIIECTBYET O BO3MOXKHOCTH HeE-
IIOCPEICTBEHHON aKTUBAINU (pepMeHTa
METHJIKCAaHTHHAMH, & HE O Pa3BUTHH KOMIICHCATOPHOM
peakuuu. Iloeenuenue aktusHocTH I'1l B cpene, co-
nepxameil KO 1 noaoxKuTesbHas KOppesius Mex1y
axktuBHOCThIO ['T1 1 I'P (r=0,97), ckopee Bcero, o0Obsic-
Har0TCs yemnernneM AQO cTaryca KJIETKH H3-3a yBe-
JIMYEHUs B Hel copepxanus suorennoro ['B u ayTto-
PETrYASTOPHOTO OFPAHUYEHUS] €r0 BOCCTAHOBJICHUSI.
BriensnoxeHHOe MOATBEPAK-IEHO PU BO3IEHCTBUU
sk3oreHHoro ['B Ha ciepmMaro30u/Ib1, 0OJTHAKO UHTUOH-
poBanue ['P B taHHOM citydae B 2 paza MEHbIIIE, YEM
IIpU HOPMOTEPMHUH, CIEAOBATEIBHO, OXJAXKICHUE
KJIETOK MOKET COIPOBOXKIATHCS YMEHBIIICHUEM ITyJIa
I'B. OgHOoBpeMeHHAs! ¢ MOBEHIIIICHUEM COJICPKAHUS
MJA axtuBarmms CO/] npu Bo3aeticteun K321 n K322
CBHJICTEIHCTBYET O PA3BUTHUH KOMIICHCATOPHOM peaK-
mu (r=0,97 u =0,92 cOOTBETCTBEHHO), KOTOpAsi, OHA-
KO, HE mocrarodHa aius marubupoBanus 110JI u B
OoJbIlIel CTENeHN NPOSBISAETCS B Cpele, Colepika-
meit K321.

Kpuokoncepsuposanue. Tak kak [1® u KO ne
MPOSIBUIIM KPUOIPOTEKTOPHOU aKTUBHOCTHU IMPHU UC-
CJICIOBAHUU MOABMXKHOCTH JIEKOHCEPBUPOBAHHBIX
CIIepMaTo30uA0B, BiusHue 3Tux BemecTs Ha [1OJI u
AO-dpepMeHTHYI0 cucTeMy He u3ydanock. [IpousBo-
Hble retepo3uoB ¥ ['B Obliu g00aBiieHbl B COCTaB
KpHuo3auuTHOM cpefibl. [Tocie oTorpesa nekoHcepBu-
POBaHHBIX KJIETOK OOHAPYXHJIU MOBBIIICHUE COJEP-
xkauus M/JIA ua 23,7% B cpene ¢ K321, aktuBHOCTH
COJl — na 43,8%. AKTHUBHOCTH TJTyTaTHOH-3aBHUCH-
MBIX (EPMEHTOB MPaKTUUYECKH HE M3MEHHJIACh
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[pumeuanue: * — OCTOBEPHBIC PA3INYHS IT0 OTHOLICHHIO K KOHTPOITIO (p<0,05).
Notes: * — statistically significant changes comparing to the control data (p<0.05).

augmented by 66.4, 47.6, 71.5, 56.5 and 30.4%,
correspondingly. The GP activity in the media,
containing PF, CF, K322 and RG augmented by 40.0,
50.6, 36.6 and 30.4%, correspondingly, however all
these substances inhibited RG.

The data obtained analysis indicates to the fact,
that the studied substances not only recover the AO
enzyme activity after hypothermia, but regulate in this
case the balance between pro- and antioxidant enzyme
systems. The LPO strengthening under PF and CF
effect can be related not only with their energy-
stimulating effect, but can be stipulated by GR
inhibition, that is indicated by positive correlation
between MDA content and the enzyme activity (r=0.89
and r=0.93, correspondingly). The absence of
correlation between the SOD activity and an increase
in MDA content testifies to the possibility of a direct
enzyme activation by methylxanthines, but not to the
development of compensatory reaction. An increase
in GP activity in CF-contained medium and a positive
correlation between the GP and GR activity (r=0.97),
are rather explained by the strengthening of AO-status
of cells due to the augmentation in it of the endogenous
RG content and an autoregulatory limitation of its
recovery. The mentioned above is confirmed under
the effect of exogenous RG on spermatozoa, however
the GR inhibition in this case is twice lower, than under
normothermia, consequently, the cooling of cell can be
accompanied with a decrease in RG pool. The SOD
activation, simultaneous with an increase in MDA
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(tabm. 4). [Ipu neticteuu K322 conepixa-
Hre M/IA B criepMaTo30uaax MOBEICH-
nock Beero ywib Ha 14,9% Ha QoHe
3HAYUTENbHOW CHHXPOHHOU aKTUBAIIUHI

Tabmuua 4. BiisiHre METHIKCAaHTUHOB M TeTepOo3nI0B Ha coiepykanne MJIA
1 akTuBHOCTH AO (pepMEHTOB B CIIEPMATO30H1aX, XPAHUBIIIHNXCS B yCIIOBHSX
KPHOKOHCEPBUPOBAHUS

Table 4. Effect of methylxanthines and heterosides on the MDA content
and AO enzyme activity in spermatozoa, stored under low temperatures

AO depmenToB. B atom ciyyae akTus-

nocts COJI Gbuta na 107, TTI—na 41,6, e oo

I'P — Ha 44,3% BbIlIE, YEM B JIEKOHCEP- Vccaeayemoe | MAAHMOAB/T R

BUPOBaHHOM KOHTPOJIE. etndiod MDif’r’l‘l‘fj’ol /g COAur/T I'TT,MKKaT/T HAAOH/r
Coxpanenue conepxanus MJIA Ha substance of protein Sogﬁfé‘fg of pr(l’fc’;ﬁjg of R

YPOBHE KOHTPOJISA ¥ 3HAYUTEIIbHAs aKTH- protein protein NADPH/g of

Barms Bcex AO (epMeHTOB B cpene ¢ protein

I'B YKa3bIBAaKOT HA €TI0 AQO peiicTBHE. Kggﬁﬁsz 0,422+0,082 72,53%3,75 45,3%3,4 0,142+0,017

B oTnmune oT HOPMO- ¥ TUIIOTEPMHH

TOBBIIIIEHUE akTUBHOCTH | P T1pH meficT- K321 0,5220,038! 104,3%3,02 50,20%5,52 0,153%0,0112

BMH 5K30reHHOro I'B cBuaeTenscTByeT

00 HMCTOIICHWH 3aI1acoB YHJOTEHHOTO K322 0,4850,0642 150,26,3* 67,13+6,85 | 0,205%0,050?

[JIyTaTUOHA B IPOLECCE KPUOKOHCEPBU-

posanus [10]. Aanornynsle 3¢ HeKTs e 0,414=0063 | 187,03%125 | 5533=1,65° | 0,1640,013

MPOCIIEKUBAIIUCH U B CPEJie, Colepxka-
e rerepo3uibl, MpUUeM AeHCTBUE
K322 B HeckonmbKo pa3 MpeBOCXOIUT
nericrre K321. YunreiBast 3HAYNTENE-
Hyto aktuBanuio COJl, MOXHO TIpeo-
JIOKUTH, yTo yTruin3zauus ADK Ha HauallbHBIX 3Tanax
UX TIPOIYITUPOBAHMS OCYIIECTBIISETCS UMEHHO dTUM
dhepmenTOM, a NaNBbHEHIIICe HUBEITNPOBAHNUE TPOIYK-
TOB aucMyTauuu — npu ygactuu I'Tl, Ha 4yTO yKa3bl-
BaeT KOPPEIIUSI MEXITYy aKTUBHOCTHIO (pepMeHTa U
conepxanueM MJIA B crnepmarosougax (r=0,93 u
=0,92 mst K321 u K322 cooTBeTcTBEHHO).

2~ p<0,05.

2~ p<0.05.

BbiBOADI

YCTaHOBJIEHO, YTO TUNOTEPMHUUECKOE XpaHEHUE
(PU3HOTOTHMYECKH TOJHOLEHHBIX CIIEPMATO30HI0B
ObIKa B CTaHOAPTHON KPHO3AIIMTHOW Cpele COmpo-
BOXJAJIOCh TEPMOKMHETUYECKOH MHAKTUBALMEN KaK
po-, TaK ¥ aHTHOKCUAAHTHOM CHUCTEM; A0l HeoOpa-
THUMOH KpuoreHHOU AecTpykumu AO ¢epMeHTOB
HE3HAYUTEIbHA.

Bgenenue B coctaB kpuo3amuTHbIX cpex AO nps-
MOTO JeHCTBUA HE LeIeco00pa3Ho, MOCKOIbKY
HapyllaeT €CTECTBEHHOE COOTHOLIEHHE MEXKIY Mpo-
1 aHTHOKCUAAHTHOM CUCTEMAaMM CIEPMATO30UI0B U
HE BJIMAET Ha yCTOMYHUBOCTh KJIETOK K OXJIAXKICHUIO.

Kpuonporekroproe nelicteue bAB He 3aBucut ot
BeIUYHHEI oka3biBaeMoro umu AO 3¢ dexra; Hanbo-
Jiee TIePCIeKTUBHBIM HANIPaBJICHUEM MOBBIILICHHS YC-
TOMYNBOCTH CIIEPMATO30MA0B K THIIOTEPMHUU U KPHO-
KOHCEPBHPOBAHUIO SIBIISIETCS ITOVCK BEILIECTB, PETYIIH-
pyromux OanraHc MEXIy NMpO- U aHTHOKCHIAHTHOM
CHUCTEMaMH.
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IpumeyaHue: TOCTOBEPHOCTh PA3INYHil [0 OTHOIICHHIO K KOHTpomo: ' — p<0,01,

Notes: statistically significant changes comparing to the control data, ' — p<0.01,

content under K321 and K322 effect testifies to the
development of compensatory reaction (r=0.97 and
=0.92, correspondingly), which is not sufficient yet
for LPO inhibition and is manifested in a greater extent
in the K32 1-contained medium.

Cryopreservation. As PF and CF did not manifest
a cryoprotective activity when investigating the motility
of frozen-thawed spermatozoa, the effect of these
substances on LPO and AO-enzyme system was not
under study. The heteroside derivatives and RG were
added to the cryoprotective medium composition. After
thawing frozen-thawed cells there was found out an
increase in MDA content by 23.7% in the medium
with K321 and by 43.8% for SOD activity. The activity
of glutathione-dependent enzymes was practically
unchanged (Table 4). Under the effect of K322 the
MDA content in spermatozoa increased only by 14.9%
at the background of a considerable synchronic
activation of AO-enzymes. In this case the SOD activity
was by 107, for GP by 41.6 and for GR by 44.3%
higher, than in the frozen-thawed control.

The preservation of MDA content at the control
level and a considerable activation of all AO enzymes
in the RG-contained medium indicate to its AO effect.
In contrast to normo- and hypothermia an increase in
GR activity under exogenous RG effect testifies to
the exhaustion in the stocks of endogenous glutathione
during cryopreservation [10]. The similar effects were
also traced in the heteroside-contained medium,
moreover the K322 effect was some times higher than
the K321 one. Taking into account a considerable SOD
activation we can suppose that the AOF utilisation at
initial stages of their production is realised mainly by
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this enzyme and the following levelling of dismutase
products at the GP participation, that is indicated by
the correlation between the enzyme activity and MDA
content in spermatozoa (r=0.93 and r=0.92 for K321
and K322, correspondingly).

Conclusions

Hypothermic storage of physiologically integral
bovine spermatozoa in the standard cryoprotective
medium was established to be accompanied with a
thermokinetic inactivation of both pro- and antioxidant
systems. A part of irreversible cryogenic destruction
in AO enzymes is insignificant.

The introduction into the cryoprotective medium
composition of AO with direct effect is not expedient,
because it impairs the natural ratio between the pro-
and antioxidant systems of spermatozoa and does not
affect cell resistance to cooling.

The BAS cryoprotective effect does not depend
on the value of the caused by them AO effect; the
most perspective way to increase the spermatozoa
resistance to hypothermia and cryopreservation is the
search for the substances, regulating the balance
between the pro- and antioxidant systems.
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