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HccnenoBanu BausiHUE IPOU3BOJHBIX T'€TEPO3UIIOB HA AKTUBHOCTH cyKIMHaraeruaporenassl (CII), manarneruaporenassl (M/11),
nakraraeruaporenass (JIAI) u auHamuky cuHTe3a 1 notpebiieHus GpyKTo3bl B CIEPMATO3011ax ObIKa B YCIOBUSIX HOPMO-, THIIOTEPMHN
U KpuoKoHcepBHpoBanust. [TloiydeHHbIe JaHHBIE CBUACTEIBCTBYIOT O TOM, YTO KPUOIIPOTEKTOPHBIH (D (PEeKT reTepo3nioB 00y CIOBICH
aKTHBAlKeEH SHePronpo yupyoIux pepmeHToB. Kpome Toro, rerepo3uipl 001aJai0T ClIocOOHOCTHIO BOCCTaHABINBATh AKTHBHOCTD

(hepMEHTOB, MOBPEXKICHHBIX MPH OXJIAXKICHHH.

Kniouegvie cnosa: rerepo3npl, METHIKCAHTHHBI, CIEPMAaTO30UAbl, CyKIIMHAT-, MajaT-, JAKTaT- JeruAporeHassl, GpyKrosa,

TUINIOTCPMHUS, KPUOKOHCECPBUPOBAHUE.

JlocmiAniy BIUIMB ITOXiTHUX T€TEPO3U/iB Ha AKTUBHICTh CYKIIMHAT/IETiIPOreHa3n, MallaTACTiAPOreHasH, IAaKTaTeT i JPOreHasH Ta
IUHAMIKY CHHTE3Y 1 CHOKHBaHHS QPYKTO3H B cliepMaro30igax Oyras 3a YMOB HOPMO-, TIlTOTEpMii Ta KpioKOHCepBYBaHHs. OneprkaHi
JIaHi CBiT9aTh PO T€, [0 KPIOMPOTEKTOPHUH €EeKT reTepo3niB 00YMOBIICHAH aKTHBaLi€I0 eHepro3abesnedyrounx GpepmenTis. Kpim
TOr0, FETEPO3UN MAIOTh 3/1aTHICTh BiJHOBJIIOBATH aKTHBHICTh DEPMEHTIB, YILIKOJPKEHHUX ITPU OXOJIOKCHHI.

Knrouoei cnosa: retepo3uy, METUIIKCAHTHHH, CIIEPMATO301/1H, CYKLIMHAT-, MaJlaT-, JAKTATACTiAPOreHasu, ppyKTo3a, rinorepMis,

KpiIOKOHCEPBYBaHHS.

We have investigated the effect of heteroside derivatives on succinate dehydrogenase (SDG), malate dehydrogenase (MDGQG),
lactate dehydrogenase (LDQ) activity and dynamics of fructose synthesis and uptake in bovine spermatozoa under normo-, hypothermia
and cryopreservation conditions. The data obtained testify to the fact, that heteroside cryoprotective effect is stipulated by the
activation of energy-producing enzymes. In addition, heterosides recover the activity of enzymes, damaged during cooling.

Key-words: heterosides, methylxanthines, spermatozoa, succinate-, malate- and lactate dehydrogenase, fructose, hypothermia,

cryopreservation.

Co3znanne 6aHKOB CIIEPMBI Y€JIOBEKA U JKHBOTHBIX
SBIAETCS NMOBCEIHEBHOM MPAKTUKOW B MEJUIIMHE,
CEJIbCKOM X03HCTBE 1 ONOoTeXHOIOTHH. BmecTe ¢ Tem
COBpPEMEHHBIE TEXHOJIOTHH KOHCEPBUPOBAHUS TaJIEKH
OT COBEPILIEHCTBA, TOCKOIBKY ITO3BOJISIFOT COXPAaHUTh
OILUTONOTBOPSAIOLIYIO CIIOCOOHOCTH AEKOHCEPBUPOBAH-
HBIX criepMaTo30110B Ha ypoBHE 30-70%, uTo cBsA3aHO
C MOBpeXkAeHUEM KiIeTOK. CylllecTByeT MHEHHE, YTO
YK€ Ha dTarne pa3z0aBieHHs CIIEPMbl U HHKYOAINH C
KPHUOIPOTEKTOPOM HPOUCXOAUT MHTHOMpOBaHHE
XKU3HEHHO Ba)KHBIX META0OIMYECKUX MPOLECCOB B
kietke [ 16], 9o TpedyeT JomoNIHNTENbHOM 00paboT-
KH JI€KOHCEpBHPOBAHHOTO OMOOOBEKTa ISl BOCCTA-
HOBJIEHHS €T0 (yHKIHOHAJIBHBIX TMOKa3aTenei. B
CBSI3M C 9THM ONTHMHU3ALNS [TPOIiecca KPHOKOHCEPBH-
pOBaHMs HE yTpaTHIIa CBOEH aKTyalIbHOCTH.

C Hamreii TOUKH 3peHns, HaMeHee N3yYeHHbBIM, HO
HanboJjee MepCIeKTUBHBIM HalpaBJIECHUEM IPH
pa3paboTKe KPHO3AIIUTHBIX CPEJ SIBISIETCS] MOMCK
Oononornyecku akTUBHBIX BetlecTB (BAB), obecnieun-
BaIOLINX MOJHOLEHHOE ()YHKLIINOHATIBHOE COCTOSIHUE
KJeTKH nocne ororpesa. O6 ucnonb3oBannu bAB kak
n00aBKM K KPUO3ALIUTHBIM cpellaM H3BECTHO
HECKOJbKO AECATUIIETHH, OJHAKO aJITOPUTM HX

The establishing of banks for human and animal
sperm is a routine practice in medicine, agriculture and
biotechnology. However the current cryopreservation
technologies are hardly perfect, since they allow to
preserve frozen-thawed spermatozoa fertility at the
level of 30-70%, that is related to cell damaging. The
inhibition of vitally important metabolic processes in a
cell is considered to occur even at the stage of sperm
dilution and incubation with a cryoprotectant [16], that
requires an additional treatment of frozen-thawed
bioobject for recovering its functional indices. In this
connection the optimisation of cryopreservation
process has still remained actual.

From our point of view one of the most perspective
ways when developing the cryoprotective media is the
search for biologically active substances (BAS),
providing an integral functional state of cell after
thawing. The BAS usage has been known for decades
as an additive to cryoprotective media, however the
algorithm for their application is practically absent due
to the specificity of biological material spices, different
nature of BAS and a system-free character of
investigations. In this respect a great attention is paid
to antioxidants and biological membrane stabilisers
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MIPUMEHECHHUS MPAKTUUYECKH OTCYTCTBYET BBHUIY
BHIOCTIEIH(PUIHOCTH OMOIOTHYECKOTO MaTepuaia u
pa3Hoit npupoasl BAB, a ucciegoBanus HOCAT
OeccucTeMHBIH XapakTep. bonpliee BHUMaHUE B
S5TOM OTHOUICHUHU YACIAETCS aHTUOKCHUIAHTAM U
cTabuimM3aropaM OMOIOTHYECKUX MeMOpaH (BUTAMUH
E, rmyTatnoH BOCCTaHOBIEHHBIN, CHIBOPOTOUYHBIHN
anbOyMHUH H Jp.), YCUIHBAKIIUM yCTOWYHBOCTH
KJIETKM K DHJO0- M 9K30TE€HHBIM (hakTopaM (PU3NKO-
XUMHAYECKOTO Bo3aekcTBus [9-11], B To BpeMs Kak
HarpaBJIeHHBIN TTonck BAB, mOBBIIIAOIMKX CITOCO0-
HOCTH KJIETKH K CAaMOBOCCTAHOBIICHHIO, HE IPOBO-
IUTCS M3-3a OTCYTCTBHS COOTBETCTBYIOIIETO
TEOpeTUIeCcKoro Oasmca.

B cBs13u ¢ 3THM pa3paboTKa TEOPETUISCKUX OCHOB
HanpaBlieHHOTo noucka BAB, kpuonporekTopHOE
JEHCTBUE KOTOPBIX OOECIIEYUBACTCS BIUSHHUEM Ha
3alMTHO-BOCCTAHOBUTECIBbHBIE CUCTEMBI KJICTKH,
SIBIIIETCSL MEPCIEKTUBHBIM MOAXOJIOM K CO3JaHUIO
KPUO3AIIUTHBIX CPel.

OOBEKTOM HcciIeJOBaHus ObLIIH BEIOPAHBI IPOH3-
BOJIHBIE TE€TEPO3UIOB, MPOSBIISIONINE KPUOIPOTEK-
TOpHBIH d3hdexT [2].

ens nccnenoBaHus — H3yYCHHUE BIMSTHUS UCCIIE-
JyeMBbIX BEIIEeCTB Ha aKTUBHOCTh ()EPMEHTOB LIMKJIA
Kpe6ca (CAT u M), mmuxonu3a (JIII') v nuaaMuky
CHHTE3a U IOTPeOIIeHUS (PPYKTO3HI B CIIEPMATO30UIaxX
ObIKa B YCIIOBUSIX HOPMO-, TUTIOTEPMHUU U KPUOKOH-
CEPBUPOBAHUSL.

Matepnaabl 1 meToAbI

UccnenoBanus mpoBOauMIIM HA cliepMe OBIKa.
DSKyISAT OAHOTO YKUBOTHOTO (KOJIMYECTBO 0Opa3IoB
n=7) pa3z0aBisUTM CTaHAAPTHOU TIIOKO30-LIUTPATHO-
JKEJITOUHOU Cpenoit, comeprkareit 5%-i TITUIEpUH KaK
KpHUONIPOTEKTOp. KOHIEHTpalus crepMaTo301I0B
coctapiisiia 20 MJIH KIETOK/MJ cycren3uu. Mccie-
nyemble 00pasipl oxinaxaaiu 10 4°C 1 XpaHWIU Py
3TOW TeMmIepaType B TE€YeHHE 3 4, MOCie Yero
3aMOpa>KMBaJId MO U3BECTHOU TexHoaoruu [8].
[ToaBMKHOCTh HATUBHBIX M JACKOHCEPBUPOBAHHBIX
CIIEpPMAaTO30HUOB ONMpPENEIsIIN KaK OTHONICHHE
MIPSIMOJIMHEWHO U TIOCTYTIATEIBHO JBHKYIIUXCS KIIETOK
K 00IlleMy HX KOJIWYECTBY W BBIPAKAIU B MPOIICHTAX.
HccnenoBanue noaBMKHOCTH OLIEHUBAIIA MUKPOCKOITH-
yecku (“Axiovert”, l'epmanust) npu yBenuuernu x400.

B kadecTBe CpaBHHBaeMBIX BEIIECTB OBLIH
BbIOpanbl nenTokcnpwuinH ([1D) B KoHIEHTpauK
3,5%107 moms/nm u xkodenn (KD) — 6,0x103 moms/m,
SBISIOMUECS CTHMYIITOpPaMHu TIuKonm3a [4].
MeTunKCaHTHHE M HcciaexyeMmbie 10% Mons/n
7-metun-N-maneorereposun (K321) u 107 moms/n
N-maneorerepo3un (K322) nodapnsiinu B CyCeH3UIO
OTOTPETHIX KJIETOK, XPaHUBIIUXCA B yCIOBUAX
3-4acoBOH THIIOTEPMHH, U JIEKOHCEPBHPOBAHHBIX
KJIETOK, Tocie 4yero nHkyouposanu npu 37°C B
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(vitamin E, recovered glutathione, serum albumin etc.),
strengthening a cell resistance to endo- and exogenous
factors of physical and chemical effects [9-11],
whereas a targeted search for BAS, increasing a cell
capability to recovery itself, is not carried-out because
of the absence of proper theoretical base.

In this connection the development of theoretical
bases for BAS targeted search, which cryoprotective
effect is provided by the effect on protective and
recovery cell systems, is a perspective approach to
creation of cryoprotective media.

As the investigation object we have selected
heteroside derivatives, manifesting a cryoprotective
effect [2].

The investigation aim was to study the effect of
studied substances on the Krebs’ cycle enzyme activity
of SDG, MDG, LDG glycolysis and fructose synthesis
and consumption dynamics in bovine spermatozoa
under normo-, hypothermia and cryopreservation
conditions.

Materials and methods

The investigations were carried-out in bovine sperm.
The ejaculate of one animal (number of samples, n=7)
was diluted with a standard glucose-citrate-yolk
medium, containing 5% glycerol as a cryoprotectant.
The spermatozoa concentration made 20 million
cells/ml of suspension. The studied samples were cooled
down to 4°C and stored under this temperature for 3
hrs, then cryopreserved according to the technology
[8]. The motility of native and frozen-thawed
spermatozoa was determined as the ratio of cells with
rectilinear and translational movement to their total
number and shown in percentage. The motility was
evaluated with the microscope (“Axiovert”, Germany)
with X400 magnification.

Pentoxifylline (PF) in 3.5%10- mol/l and caffeine
(CF) in 6.0x10 mol/l concentrations as glycolysis
stimulators were selected to compare the substances
[4]. Methylxanthines and studied 10-* mol/l 7-methyl-
N-maleoheteroside (K321) and 107 mol/l N-maleo-
heteroside (K322) were added into the suspension of
warmed cells, stored under 3 hrs hypothermia
conditions, and frozen-thawed cells, then incubated
under 37°C for 30 min. The control samples did not
contain the studied substances. Spermatozoa were
isolated using the method of differential centrifuging,
washed and resuspended in Tyrode’s medium (pH 7.2).
Mitochondria were isolated using the method of
differential centrifuging [1]. The activity of SDG [7],
MDG [5] in mitochondria, LDG [6] in spermatozoa
was measured with a calorimetric method. Fructose
content in spermatozoa suspension was estimated
according to the paper [4], and by the standard “Agat”
sets (Russia) for protein in the samples. The activity
of all studied enzymes and fructose content were
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tedenne 30 muH. KoHTponsHbIe 00pa3iel HE comep-
XKalu uccienyeMbix BemiecTB. CrnepMaTo30U bl
BBIJICTSUTA MeTOJIoM (B (epeHInaNbHOTO EHTPH-
(GyrupoBaHUs, OTMBIBAIH U PECYCIEHAUPOBAIH B
oydepe Tupone (pH 7,2). MUTOXOHAPUU BBIACISITN
MeToAoM AuddepeHINanbHOro UEHTPUPYTHPOBAHUS
[1]. AktuBHocTs CAT [7], MAL [5] B METOXOHAPUSX,
JIAD" [6] B cnepMmaTo30Maax M3MEPSIIN 1O KaJIopH-
Merpuueckomy metony. ComepxkaHue (QpyKTO3Hl B
CYCIIEH3UH CIIEPMAaTO30HUI0B OLICHUBAIH 110 [4], OetoK
B oOpa3max — mo cTaHmZapTHBEIM Habopam “Arat”
(Poccust). AKTUBHOCTB BCEX HCCIEYEMBIX (epMeH-
TOB U cofiep>kaHue (PPYKTO3bI OMPENeIIsUIN A0 U ITOCTe
TUIOTEPMHUH M KPUOKOHCEpBUpoBaHUS. CTaTUCTH-
YecKylo o0paboTKy pe3yibTaToB MPOBOJUIHU IO
merony dumepa.

Pe3yAbTathl M 00CyXaeHue

U3BecTHO, 4TO TpOLIeCcCHl AHEPTO0OECTICUeHHSI
ABIISIOTCS] OCHOBOM JIIOOBIX OMOXUMUYECKHUX PEAKIINN
B KJE€TKe. B cBsA3M ¢ 3THM Ha HadaJIbHOM JTale
JKCIEpUMEHTa ObLIa uccienoBana aktuBHOCTH CJIL,
MA@ u JIAT (Tab6um. 1). ComocTaBieHne akTHBHOCTEH
nccaeayeMblXx (epMEHTOB yKa3bIBaeT Ha TO, YTO B
YCIIOBHSIX in Vitro B CIEpMaTo30raax ObIKa BEIpaOOTKa
SHEPTHU OCYIIECTBISETCA NPEUMYIIECTBEHHO
a’pOOHBIM MyTeM, O YeM CBHAETEIbCTBYET 3HAUU-
tensHOE (B 1000 pa3) mpeBamupoBaHue aKTUBHOCTH
CAI' u MAT" wan JIAT, yto cornacyercs ¢ uccie-
JOBaHUAMH [12], B KOTOPBIX M3y4asach aKTUBHOCTb
(hepMEHTOB TIIMKOIH3A.

Jns ycTaHOBIIEHUS BIWSHUS OXJXKACHHS Ha
SHEPronpoLyuHpyIomne GepMEHTHI B CIIEPMATO30H-
nax Oobuh onpeneneHs! aktusHocTs CHL, ML, JIAT
U cojaepxanue (GPyKTO3bl B 00pa3iax, OTOTPETHIX
rocie 3-4acoBOM THUIOTepMUH. Pe3ynbprarhl, mMpuBe-
JIeHHbIe B Tabn. 1, CBHIETENBCTBYIOT O TOM, 4TO
runorepmus nHakrusupyet C/I" a 87,2, MIII" — Ha
82,7 n JIAT" — na 63,5%, a comepxanue (GppyKTO3bI
cHU3WIOCH Ha 74,2% 1O OTHOLIEHHUIO K MCXOIHOMY.
CpaBHEHHE CTENEHH T'MIOTEPMHUYECKON
MHAKTUBAINH UCCIIETYEMBIX (PepPMEHTHBIX
CHCTEM COINIACYETCs C MPENTOIOKEHUEM,
YTO OXJIaXIEHHE B OONbIIEH Mepe BIUsIET
Ha COCTOSIHUE MUTOXOHIPHUAJIbHBIX (pepMeH-

determined before and after hypothermia and
cryopreservation. Statistical processing of the results
was performed using the Fisher’s method.

Results and discussion

The energy supply processes are known to be the
base for any biochemical reactions in a cell. In this
connection at an initial stage of the experiment we
have studied the SDG, MDG and LDG activity
(Table 1). The comparison of studied enzyme activities
points to the fact, that in bovine spermatozoa under in vitro
conditions the energy production is mostly realised via
aerobic way, that is testified by a considerable (in 1000
times) prevalence of SDG and MDG activity over
LDG, that correlates with the investigations [12], where
one studied the glycolysis enzyme activity.

In order to reveal the cooling effect on energy-
producing enzymes in spermatozoa there were
determined SDG, MDG, LDG activity and fructose
content in the samples, thawed after 3hrs’ hypothermia.
The results, shown in the Table 1 testify to the fact,
that hypothermia inactivates SDG by 87.2, MDG by
82.7 and LDG by 63.5%, but fructose content
decreased by 74.2% in respect of the initial one. The
comparison of hypothermic inactivation degree of
studied enzyme systems correlates with the supposition
about the fact, that cooling affects in a greater extent
the state of mitochondrial enzymes in comparison with
cytosol ones [13].

Bigger activity decrease is observed after freeze-
thawing cycle performing.

With SGD example it was established that the
enzyme activity after cryopreservation decreased by
88.7% (0.61£0.04 mM/mg of protein per min in frozen-
thawed spermatozoa vs 5.39+1.19 mM/mg of protein
per min in the native control). The comparison of the
enzyme inactivation degree after hypothermia and
cryopreservation (87.2 and 88.7%) points to the fact,
that a part of a cryogenic (irreversible) enzyme
destruction is insignificant and makes about 1.5%.

Ta6auna 1. Biusaue oxnaxaenus 1o 4°C Ha akrusHocts CIT, MT,
JIIT u coneprkanue GppyKkTo3bl B CLIEpMATO30HM1aX ObIKA

Table 1. Effect of cooling down to 4°C on activity of SDG, MDG, LDG

and fructose content in bovine spermatozoa

TOB I10 CPAaBHEHUIO C ITUTO30JIbHBIMU [ 13].
c
Euie Gonblliee CHUKEHHE aKTHBHOCTH AL MAT AN Dpyrros

OTMEYAETCs ITOCIIE IPOBEACHUS [IUKIIA 3a- AKTHBHOCTB MMOAR/A

Activity Fructose
MOpaXMBaHUA-OTTaBaHUA. Ha npumepe MMOAB/T OeAKaXMUH content,
CII ycTaHOBJIEHO, YTO aKTUBHOCTH (hep- mumol per g of protein per minute mmol/l
MEHTA M0 CJIe KPHOKOHCEPBAIH CHU3MIIACh .

ayaAbHasA
Ha 88,7% (0,61+£0,04 mmons/ Mr Gen- Primary 539119 | 7,65=1,44 | 0342044 | 14,7122,02
KaXMHH B JICKOHCEPBHPOBAHHBIX CIIEpMa-
To3onxax npotus 5,39£1,19 mmoss/mMr Plocre OXAQACHI A0 C | 690,26 | 1,32+0,50% | 0,22+000% |  380%0,01*
OeJikaXMHUH B HATHBHOM KOHTpoJ1e). Coro- 9

CTaBJICHUE CTEIIEHW WHAKTHBAIUU (ep-
MEHTA MOCJIE TUIIOTEPMUU U KPUOKOHCEP-
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[pumeyanue: * — pa3IUums JOCTOBEPHBI IO OTHOIICHHUIO K KOHTpOITHO (p<0,01).
Note: * — statistically significant differences comparing to the control (p<0.01).
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BupoBaHus (87,2 u 88,7%) yka3bIBaeT Ha TO, Y4TO JIOJIS
KPUOT€HHOW (HEoOpaTHMOi) JecTpyKIMH (pepMeHTa
HE3HauuTeNbHA U COCTaBIsAET OKoJo 1,5%.

Takum oOpazom, yxe OXJIaxAcHHE 10 CyOHYyme-
BBIX TEMITEPATYP MIPUBOIWT HE TOIHKO K TEPMOKUHETH-
yeckoMy (00paTUMOMY) CHIDKEHHIO CKOPOCTH (ep-
MEHTATHUBHBIX PEAKITHi, HO U 0oJiee TITyOOKOMY, BO3-
MO>KHO HEOOpaTUMOMY WHTHUOMPOBAHUIO aKTUBHOCTH
caMux (DepMEHTOB, pa3BUBAIOIIEMYCS dHEproaedu-
[IUTY ¥, BEPOSTHO, CHIKCHUIO CKOPOCTH BEAYIIHUX
OMOXMMHUYECKUX POIECCOB, 00ECIICYMBAIOIINX HOP-
MaJbHOE (PYHKITMOHUPOBAHUE KIICTKH.

U3 BhIIIECKa3aHHOT'O MOXKHO MPEANOI0XKHUTD, YTO
BAB, criocoOHBIE 3alIUTHTh WA BOCCTAHOBHUTH (DepMEH-
TAaTUBHYIO aKTUBHOCTb, YTPAUCHHYIO IIPU OXJIAXKICHUH,
JIOJDKHBI, TIPEXJIe BCEr0, aKTUBUPOBATH SHEProodec-
MIEYUBAIOININE CUCTEMBI, KOTOPHIM OTBEACHA OIpeie-
JISTFOIIAs POJTh B JKU3HEACATEIIHPHOCTH KIICTKH.

s BBISICHEHHS BOTIpoca 00 0OpaTHMOCTH TIPO-
recca TepMUIeCKOM WHAKTUBAINH (DEPMEHTOB U BO3-
MOXHBIX MYTSAX WX BOCCTAHOBIICHHS CYCIECH3UIO
CIIEPMATO30HI0B, XPAHUBIIIMXCSI B yCIOBHUIX CyOHYIIE-
BBIX TEeMIIepaTyp, MHKyOUPOBAU C MPOU3BOTHBIMU
METUJIKCAHTUHA U UCCIEAYEMBIMH TeTepO3UIaMU
(tabmn.2). [Tocne naky6anuu kierok ¢ [1D, KO, K321
n K322 Habnroganoch 3HAYUTETHPHOE BOCCTAHOBIICHHE
AKTUBHOCTH BCEeX M3ydaeMbix pepmeHTOB. Hanbonee
BeIpakeHo Biausinue BemectB Ha CAI' u MT B
cpaBaenuu ¢ JI/II': aktuBHOCTH (pepMEHTOB BO3pocia
cootBeTcTBeHHO B 2,3; 2,8 m 1,2 pa3a B cperne,
conepxarieit [1D, u B 3,4; 2,9 u 1,6 paza — B cpeze ¢
K®. Ananornunsie pe3ynbTaThl MOJTYyYEHBI MPHU
BO3JCHCTBUH MPOU3BOJHBIX TeTepO3uI0B (Tadi.2).
[Mocne naky6ammu kinetok ¢ K321 n K322 akTuBHOCTH
CAI yBenuuunacek B 4,6 u 5,3 paza, MAI' —84,0 u 3,6
pasa, JIAI' — B 1,6 u 1,7 paza COOTBETCTBEHHO.

Tabauna 2. Biusane nponsBogaeix MetunkcanTtuHa (I1M u K®) u rereposumos (K321 u
K322) na aktusnocts JIAL, CAI' u M/II" B ciepmaro3oniax ObIka, XpaHUBIIUXCS B

YCIOBUAX TUIIOTEPMUHN

Table 2. Effect of methyl xantine derivatives (PF and KF) and heterosides (K321 and
K322) on activity of LDG, SDG and MDG in bovine spermatozoa, stored
under hypothermia conditions

Thus, even cooling down to subzero temperatures
results not only in a thermokinetic (reversible) decrease
in the enzyme reaction rate, but in deeper, possibly,
irreversible activity inhibition of enzymes themselves,
in a developing energy deficient, and, probably, a
decrease in the leading biochemical process rate,
providing normal cell functioning.

In view of the aforesaid the BAS, capable to protect
or recover an enzyme activity, lost during cooling, can
be assumed to have activate first of all the energy
supply systems, which role is determinant in cell vital
activity.

To elucidate the question about the reversibility of
enzyme thermal inactivation process and possible ways
for their recovery, the suspension of spermatozoa,
stored under subzero conditions, was incubated with
methylxanthine derivatives and the studied heterosides
(Table 2). After cell incubation with PF, CF, K321 and
K322 there was observed a considerable recovery in
all studied enzymes activity. The substances effect on
SDG and MDG in comparison with LDG was most
manifested: the enzyme activity increased, correspon-
dingly in 2.3; 2.8 and 1,2 times in the medium with PF,
andin 3.4; 2.9 and 1.6 times in CF-medium. The similar
results were obtained under the effect of heteroside
derivatives (Table 2). After cell incubation with K321
and K322 the SDG activity increased in 4.6 and 5.3
times, in 4.0 and 3.6 times for MDG andin 1.6 and 1.7
times for LDG, correspondingly.

The Table 3 shows the study of substances effect
on fructolysis in spermatozoa after hypothermic
storage. Cell incubation with methylxanthines resulted
in the augmentation of fructose content in respect of
the control sample in 1.5 times, moreover the similar
effect was observed for PF and CF. In 2 hrs of
incubation the fructose content reduced by 0.1 mM in
the control, and by 0.35 and
0.40 mMol in PF and CF-
containing samples, cor-
respondingly.

Under K321 and K322
effect the fructose content
in cell suspension increased
in 2.9 times. In this case as

DepMeHT, MMOAL/MT GeAKaXMUH for methylxanthines the
Enzyme, mmol per mg of protein Komnrpoas 1o KD K321 K322 it :

" permin | Control pp KP similar action of substances

was observed. Following

AN IO, 022+0,04 | 027+0,05* | 034=002* | 035+006* | 038=008*  cell incubation during 2 hrs

with K321 and R322 resul-

oL 069%029 | 161+061 | 234+088 | 317%076 | 3,71=0,75 ted in a decrease in fructose

content by 0.79 and 0.71

AL 1,32%0,50 | 366=131 | 381+151 | 541=151 | 476=147 mM, Corre.spondlngly. At

the same time there were

[pumeuanue: * — pa3nUuusi JOCTOBEPHBI 11O OTHOLICHHIO K KOHTpOIO (p<0,05).
Note: * — statistically significant differences comparing to the control (p<0.05).
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no statistically significant
changes in fructose con-

PROBLEMS
OF CRYOBIOLOGY
2004, Ne2



HccnenoBanue BIUSIHUA Be-
IIECTB Ha (PYKTOJIU3 B CIIEpMa-
TO30UIaX MOCJIE TUIOTEPMHU-
YECKOTO XPAHEHUS MTPEICTABICHO

Tadanua 3. /lunamuka norpedienns GpyKTo3bl B CyCIIEH3UU CIIEPMATO30H/I0B
OBIKa TP BO3JCHCTBIH MPOU3BOAHEIX MeTmiKcaHTHHA ([1D 1 K®) u rerepo3umos

(K321 n K322) mocne runorepmun

Table 3. Dynamics of fructose uptake in bovine spermatozoa suspension under
the effect of methylxanthine derivatives (PF and KF) and heterosides (K321 and

B Ta0n. 3. MlHKyOarus KJIeTok ¢ K322) after hypothermia
MCTHUJIKCAHTUHAMU TPUBECJIA K
IMoka3saTeab KoHTpoAb 1o KO K321 K322
MOBBILIEHUIO COIEPIKAHUA PPYK- Index Control PP KP
TO3bI ITIO OTHOLICHUK K KOHT-
o 30 muH
onapHON mpobe B 1,5 pasa Tepes
E nyeM IUBIpH(D u KCD, H;)ﬁnlo’ Ct;?)eyifggﬁe ?{fﬁry?éiﬁﬁ 380091 | 555%1,01% | 577087 | 10,83=1,81% | 11,012,15'
p 9] MMOAB/A ' incubation
Jia oqMHAKoBBIN 3(hdekT. Uepes
2 4 WHKyOaluu COMEpPIKAHUE Fructose uepes 24
content, MHKyOanuu ; ’
(PYKTO3bI B KOHTPOJIE YMEHBILIH- mmol/l after 2hrs | 371091 | 520=098 | 537085 | 100421897 10,302,18
nock Ha 0,1 MMOJIB, a B 06pa3Iax, incubation
COACPKAIINX II®u Kq), —Ha 0’35 OpPYKTOAN3a,MMOAB/AX24 0.10 035 0.40 0.79 071
n 0,40 MMOIb COOTBETCTBEHHO. Fructolysis, mmol/1 x2hrs ' ' ' ' '
Ilpu BozzpeiictBun K321 u Ipumeyanue: ' — pasuuus JOCTOBEPHBI [0 OTHOIIEHHIO K KOHTPOI0, p<0,01; 2 — p<0,05.

K322 conepxanue GppyKTO3bI B
CYCII€H3UH KJIETOK BO3POCIO B
2,9 paza. B aToM ciyuae, Kak u
JUTST METUJIKCAHTHUHOB, HAOJIOMAIM OJMHAKOBOE
neiictBue BeecTB. JlanbHer as nHKyOaIus KICTOK B
teuerne 2 4 ¢ K321 u R322 mpuBena K CHIKEHHUIO
conepxanus ppykrossl Ha 0,79 u 0,71 MMoub
cooTBeTcTBeHHO. [Ipn 3TOM nmoTpebnenne GppykTo3Hl,
Kak U B CIy4yae ¢ METUIKCAHTUHAMH, TOCTOBEPHO HE
M3MeHUI0Ch (Tabm.3).

PaznocTh Mexay pacuierieHneM (pPyKTO3bI Ha
IepBOM W BTOPOM dTalax WHKyOalluw, BEPOSTHO,
OTpa’kaeT BO3pacTaHUe CKOPOCTH YTHIIU3AIHNH PPYyK-
TO3bI IO OTHOLIEHUIO K €€ HaKoIieHuto. [Ipuunnoit
3TOTO MOJXET OBITH MOBBINMIEHUE CONCPKAHUSI
(bpYKTO3BI, SBISIOMICHCS HHIYKTOPOM ayTOPETyIIs-
TOPHOTO TPOIIECCa, OTPAHNYMBAIOIIETO €€ HAKOIIJIEHHUE,
WM YCUJIEHHOE OTpeOIeHre SHEPTHH, PaCXOAyeMOU
Ha BOCCTaHOBJICHHE OOMEHHBIX ITPOIECCOB B KIIETKE
MOCJe TUIOTEPMHUUECKOTO XPAHEHHUS.

ComnocTapisis NOPSA0K MIPUMEHSIEMBIX KOHIEH-
tpauuii rerepo3uoB (107-108 mMonw/n) U mopsAaoK
MOBBINIEHUST CONepkKaHus (QPYKTO3bl B CYCIICH3UU
cnepmaro3ouios (103 Mob/1T), MOKHO yTBEPIKIaTh,
YTO JaHHBIC BEIIECTBA HE SABISAIOTCS CyOcTpaTaMu
(dhepMeHTOB (ppyKTONIM3a (KaK M IPYTrUX SHEproodecre-
YUBAIOIMUX PEPMEHTOB), @ CKOPEE BCETO BBITOIHSIIOT
PETYISATOPHYIO QYHKIIHIO.

Takum 00pa3oM, MOJIyYCHHBIC PE3yNIbTaThl CBHU-
JNETENHCTBYIOT O TOM, YTO BCE HCCIEAyeMble Be-
IIECTBA ABJISIOTCS MOITHBIMU aKTHUBATOPaMH SHEPTo-
OpoAyIUPYOMUX (GEpPMEHTOB, IpUUYEM ACHCTBUE
reTepo3usioB 0ojee BBIPAKEHO, YeM METUIIKCAH-
TUHOB. BoccTaHOBIEHUE aKTUBHOCTH (DEPMEHTOB
mnocjue runorepMun nocpeactsomM BAB moareepik-
JaeT 00paTUMOCTh TEPMUYECKON MHAKTUBAIUU (ep-
meHToB. Mcxoas u3 [3] u npuHuMas BO BHUMAaHUE
TIOTYYCHHBIC PE3yJbTaThl, MBI MPEATIONOXKHIIN, YTO
OTIPEAEISIOIMUM 3BEHOM COXPaHHOCTH CIIepMa-
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Note: ! — statistically significant differences comparing to the control (p<0.05); 2 — p<0.05.

sumption as well as in case of methylxanthine
(Table 3).

The difference between fructose disintegration at
the first and second incubation stages probably reflects
an increase in fructose utilisation rate in respect to its
accumulation. The cause of that may be the aug-
mentation of fructose content, being an inductor of
autoregulatory process, limiting its accumulation or a
strengthened consumption of energy, spent for
metabolic processes recovery in a cell after hypo-
thermic storage.

When comparing the order of applied heteroside
concentrations (107-10"* mol/l) and that for the
augmentation of fructose content in spermatozoa
suspension (10-* mol/l), these substances can be
affirmed not to be the substrates of fructolysis enzymes
(as well as other energy-supplying enzymes), and most
likely they accomplish a regulatory function.

Thus, the results obtained testify to the fact that all
studied substances are strong activators of energy-
producing enzymes, moreover heteroside action is more
manifested, than methylxanthine one. The recovery
of enzyme activity after hypothermia using BAS
confirms the reversibility of thermal inactivation of
enzymes. Proceeding from the paper [3] and taking
into consideration the results obtained we assumed that
a determinant link of spermatozoa integrity under
conditions of low temperature storage could be the
energy supply to cells on the stage of preparation to
cooling, that would allow to increase their resistance.

In this connection in order to find out cryoprotective
properties of studied BAS there was performed a
biological screening in the model of spermatozoa
cryopreservation. The results of study of frozen-
thawed cell motility testify to the fact, that in the sample
with PF in a cryoprotective media the cell motility after
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TO30HMJIOB B YCJIOBHSIX HU3KOTEMITEPATyPHOTO XpaHEHHS
MOXeET OBITh 00eCTICUeHNE KIIETOK YHEPTUEH Ha dTare
MOATOTOBKH K OXJIAXKICHUIO, YTO MTO3BOJIUT MOBBICUTH
HX PE3UCTEHTHOCTb.

B cBs13u ¢ 5TUM 117151 OOHAPYKEHUS KPUOTIPOTEKTOP-
HBIX CBOHCTB uccienyemeix bAB Opin mpoBenen
OMONOrNYeCKUi CKPUHUHT Ha MOJIENTH KPUOKOHCEPBH-
pOBaHMs CIEPMaTO30UI0B. Pe3ynbprarel uccienosa-
HHUS TIOABMKHOCTH JIEKOHCEPBUPOBAHHBIX KIETOK
CBHJICTEILCTBYIOT, UTO B 00pasiie, comepkarmiem [1D
B KPHO3ALTUTHOHN CpeJie, MOABIKHOCTD KJIETOK ITOCIIe
oTorpesa moHm3miack Ha 28,8% (25,20+1,32), rorga
kak K321 (47,3+£2,15) m K322 (51,2+2.,43) nposBunn
KpPHO3AIUTHOE IEHCTBHE, COXPAHUB MOJBMKHOCTD Ha
YpOBHE, COOTBETCTBEHHO Ha 33,3 u 47,8% npeBbiiaio-
1IeM JEKOHCEPBUPOBAHHBIN KOHTPOIb (35,40+1,77).

Tax xak [1® He 00namaeT KPHO3AMUTHBIM JIEHUCT-
BHEM, YTO MOJHOCTHIO COMIACyeTCs C pe3yabTaTaMu
pabort [14, 15], uccnenoBaHus BIUSHUS BEIIECTBA HA
(epMEHTHBIE CUCTEMBI YHEProoOeceueHus mocie
KpPHOKOHCEpBUPOBaHHUS He mposoauin, a K321 ¢
KOoHeUHBIMHU KoHIeHTpanusMu 107, 108 u 10 Moms/n
OB T0OABIICH B CTAHIAPTHYIO KPUO3AITUTHYIO CPENY,
HCTOJb3YEeMYIO IS 3aMOPaXKUBAaHUS CIIEPMATO-
3ounoB. Ilocie oTorpeBa B eKOHCEPBUPOBAHHBIX
KIIETKaX 3aUKCHUPOBAHA COXPAHHOCTh aKTHBHOCTH
CII, xotopass And yKa3aHHBIX KOHLEHTpalui
COOTBETCTBEHHO B 2,8; 4,6 u 2,6 pa3za Oblia BHIIIE,
4eM B KOHTPOJIbHOM oOpa3siie. [Ipu aTom Makcumanb-
HBIH 3¢dexT Habmonancs Npy ONTUMAIBHOM KOHLIEHT-
pamuu Bemecta 10 Momb/1 (pUCYHOK).

AHaJlOTMYHas 3aBUCHUMOCTH MPOCICKUBAIACH U
nocie 700aBJIeHNs BELECTB B CYCIIEH3UIO JEKOHCEP-
BHPOBAHHBIX KIIETOK C Tocienytomeit 30-MuHyTHOH
uHKyOanuel ipu 37°C (Tabmn. 4). OnHaKO aKTHBHOCTD
dbepMeHTa mocie BO3ACHCTBUS BEMECTB ObINa
pUOIM3UTENHHO B 1,4 pa3a HUKE, YeM B IIPEIBITYIIEM
OTIBITE, YTO, BEPOSITHO, 00YCIIOBIIEHO Y4aCTHEM KPHO-

Taodmmna 4. Boccranosnenne aktuBHOCTH CIII' B I€eKOHCEpBUPOBAHHBIX CLIEPMATO-
30UAaxX MOCIE HHKYOAIHH CyCIIeH3UH KIETOK C METUIIKCAHTHHAMH U FeTepo3nuIaMu

Table 4. Recovery of SDG activity in frozen-thawed spermatozoa after cell suspen-
sion incubation with methylxanthine and heterosides

108

107

10°

KoHTponb
Control

AKTUBHOCTb hepMeHTa, MMOnb/Mr 6enkaxmuH
Enzyme activity, mmol per mg of protein per minute

KoHueHTpauusa K321, monb/n
K321 concentration, mol/l

3aBucumoctb aktuBHOCTH CHI" or koHueHTtpauuu K321,
COJICPIKAIIECTOCS B KPUO3AIUTHON CpeIe.

Dependence of SDG activity vs. concentration of K321 in
cryoprotective medium.

thawing reduced by 28.8% (25.20+1.32), whereas
K321 (47.3£2.15) and K322 (51.242.43) manifested
a cryoprotective effect with keeping motility at the level,
exceeding the frozen-thawed control (35.40+1.77) by
33.6 and 44.6%, correspondingly.

As PF has no protective effect, that is completely
correlated with the results of papers [14, 15], no inves-
tigation of substance effect on the enzyme systems
for energy supply after freeze-thawing was performed,
and K321 with 107, 108, 10° M/1 final concentrations
was added into the standard glucose-citrate cryopro-
tective medium, used for spermatozoa freezing. In
frozen-thawed cells after thawing there was fixed the
preservation of SDG activity, which was in 2.8; 4.6
and 2.6 times higher for the mentioned concentrations,
correspondingly, than in the control sample. At the same
time the maximum effect was
observed under optimal sub-
stance concentration of
10 mol/l (Figure).

Similar dependency was
also traced after substance

—— Korrpons o o . addition into tl}e fro;en-thaw-

Index Control KP ed cell suspension with follow-

ing 30-min incubation under

ARTHBHOCTE MMOAD/ME 37°C (Table 4). However the
Activity,mmol/mg of 0,61=0,04 3,37=0,17! 1,88+0,09" 1,860,107 enzyme activity after substan-
proteinxmin ce effect was approximately

in 1.4 times lower, than in pre-

AxtnBanys pepmenTa (Bn pas) _ 55 39 30 vious experiment, that is pro-
Enzyme activation (n times) ' ' ' bably stipulated by the partici-
IIpumeyanue: ' — pasnu4usi JOCTOBEPHBI 110 OTHOIIEHHIO K KOHTpOo, p<0,01; 2 — p<0,05. pation of cryodestructive

Note: ! — statistically significant differences comparing to the control (p<0.05); 2 — p<0.05.
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factor in an irreversible (me-
chanical) enzyme inactivation.
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JIECTPYKTUBHOTO (haKTOpa B HEOOpAaTUMOH (MEXaHH-
YeCKOIl) MHAKTHBALIUHU (PePMEHTA.

Taxum 00pazom, IpOU3BOJHBIE TETEPO3UIOB HE
TOJIBKO BOCCTAHABJIMBAIOT, HO U COXPAHSIOT aKTHB-
HOCTB 3HEPronpoayLHUpYyOIuX (EpMEHTOB B yCJIO-
BHSIX KPUOKOHCEPBUPOBAHUS KIETOK, T.€. IPOSBIAIOT
BBIPaKEHHBIA KPUO3AIIUTHBIA 3 PEKT.

BbiBOADI

B ycnoBusix HOpMO-, THTIOTEPMUH ¥ KPHOKOHCEPBU-
pOBaHUS U3ydeHA TUHAMUKA U3MEHEHHUS aKTUBHOCTH
CAI, MATI" u JIAI' u comepxaHus (GpyKTO3Hl B
crepMaTto3ongax Oblka B mpucyTtcTBuu bAB, B
pe3yNbTaTe 4ero IKCIEPUMEHTATHLHO YCTAaHOBICHO U
MOATBEPKICHO CIEAYIOIIEe:

— OXJaXJeHHue N0 CyOHYIeBBIX TeMIepaTyp
COMPOBOXKAATIOCH HE TOJBKO TEPMOKHHETHUYECKUM
CHI)KEHHEM CKOPOCTH (DePMEHTATHBHBIX ITPOLIECCOB,
HO u 0ojee rTyOOKUMH (YaCTHYHO HEOOPaTUMBIMH)
W3MEHEHUSIMHU (PepMEHTOB;

— THIOTepMHUYECKas WHAKTHUBAIUS (DEPMEHTOB
VMelia B 3HaYUTEIFHOM CTeNeHn 00paTUMBIi XapakTep
B npucyTcTBuu bAB;

—BAB, crmocoOHbBIEe BOCCTaHABIMBATH aKTUBHOCTH
DHEPTOMPOAYIUPYIOMHUX (EPMEHTOB, MOBBIIIATN
(GYHKIIMOHAIBHYIO aKTUBHOCTH OTOTPETBIX IMOCIIE
TUIOTEPMUU U KPUOKOHCEPBUPOBAHUS CIEPMATO-
30U/I0B;

— IPOU3BOJHBIE FE€TEPO3UIOB HE SBISAIOTCS
cyOcTparamu (hepMEHTOB, a BBIMONHSIIOT PETYIATOP-
HYI0 (QDYHKITHO.

Pacumupensl TeopeTnueckre OCHOBBI HaIllpaBicH-
Horo noucka bAB, moBmlIaOMKUX YCTOMYUBOCTH
KJICTKH K BO3JICHCTBHIO OXJIAXKICHUS ITyTEM aKTHBa-
A SHEProoOecTeunBaIONuX GEPMEHTHBIX CHCTEM.
[Ipon3BoHEIE TETEPO3UIOB, SIBISIOMIUECS AKTUBATO-
paMu SHEPTETUIECKOTO MeTaboImI3Ma KIETKHA, MOTYT
OBITh PEKOMEH/IOBAHbI KaK JOOABKH K KPHO3AIIUTHBIM
cperaM. YCTaHOBJICHBI ONTHMAJbHBIC PEXUMBI UX
[IPUMEHEHUS.
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Thus, the heteroside derivatives not only recover
but preserve the activity of energy-producing enzymes
under conditions of cell cryopreservation, i.e. show a
manifested cryoprotective effect.

Conclusions

Thus, under normo-, hypothermia and cryopreser-
vation there was studied the dynamics of activity
change in SDG, MDG and LDG and fructose content
in bovine spermatozoa at BAS presence, which
experimentally revealed and confirmed as follows:

— cooling down to subzero temperatures was
accompanied with not only thermokinetic decrease in
the enzyme process rate, but deeper (partially
irreversible) enzyme changes;

—hypothermic enzyme inactivation was reversible
in a considerable extent at BAS presence;

— BAS, capable to recover the energy-producing
enzyme activity, augmented a functional activity of
frozen-thawed after hypothermia and cryopreservation
spermatozoa,

—heteroside derivatives are not enzyme substrates,
but realise a regulatory function.

There were extended the theoretical bases for
targeted BAS search, increasing cell resistance to
cooling effect by means of activation of energy-supp-
lying enzyme systems. Heteroside derivatives, being
the activators of cell energetic metabolism, may be
recommended as the additives to cryoprotective media.
There were established the optimal regimens for their
application.
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