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[IpoBeneHo uccnenoBanme NOk030-6-pocdarnerunporenasqoit (6D u cykuunataeruaporenasnoii (CAI7) akTHBHOCTH CrIEpMBI
YeJI0BeKa I10CIIe HHKYOAINH ¢ KPHO3AIUTHOHN CpeoH (IMMIEPHH-TAKT03a-KEITOK) U IOCIIEe XPAaHEHNUSI IPH TUITOTEPMHH U 3aMOPaKHBAHUI
JI0 TeMIIepaTyphl )XHJIKOTO a30Ta. AKTHBHOCTH ()€PMEHTOB HE3HAUMTEIHHO M3MEHSIACh HA JTalax HU3KOTEMIEPaTypHOTO
rxoHcepBuposanus (HTK) mpu BeiOpanHbIX pesknmax oxnaxkaeHus. [Tokazano noctosepHoe usmenenne C/AI u [6D/I" aktuBHOCTH ITpU
XpaHeHHH 00pa3I0B KaK ¢ KpHO3AIUTHOH cpeoid, Tak u 6e3 Hee npu —12°C.

Kniouegvie cnoga:criepma uenoBeka, KpHOKOHCEPBUPOBAHHE, TIIFOK030-6-(ocdarnernnporenasa, CyKInHATICTHAPOTCHA3A.

[IpoBeneHo nociimkeHHs TIII0K030-6-pocdaraerinporenaznoi (I'6M/I) i cykunnaraerigporenasHoi (CAI7) akTHBHOCTI criepMu
JIIOIMHM TTiCIIA 1HKyOarlii 3 Kpio3aXMCHIM cepeloBUINEM (IITIepPUH-TaKT03a-)KOBTOK) 1 IMicIist 30epiraHHs Py TinoTepMil 1 3aMOpOKyBaHHI
JI0 TEMIIEPATypHU PiKOro a30Ty. AKTHBHICTH ()ePMEHTIB HE3HAYHO 3MIHIOBAJIMCH Ha €Talax HU3bKOTEMIIEPAaTypHOTO KOHCEPBY BaHHS
py BHOpaHuX peskumax oxornomkeHHs. [Tokazana noctoBipra 3mina CAI i 6T akruBHOCTI TpH 30epiranHi 3pa3KiB K 3 KPi03aXHUCHAM
cepenoBUIIeM, Tak i 6e3 Hporo pu —12°C.

Knrouoei cnosa: ciepMa TIOIUHHA, KPIOKOHCEPBYBaHHS, TIIOK030-6-(hocdartaerinporenasa, CyKIIMHATICTiIporeHasa.

We have carried out the research in glucose-6-phosphatedehydrogenase (G6PDG) and succinate dehydrogenase (SDG) activities
in human sperm following the incubation with cryoprotective medium (glycerol-lactose-yolk) and after hypothermic storage and
freezing down to liquid nitrogen temperature. At the low temperature steps preservation the activities were characterized with slight
differences at selected cooling regimens. Statistically significant variation in SDG and G6PDG activities was demonstrated during

samples’ storage at —12°C both with and without cryoprotective medium.
Key-words: human sperm, cryopreservation, glucose-6-phosphatedehydrogenase, succinate dehydrogenase.

3amMopakxuBaHWE-OTTaNBaHUE KIETOK MOXET
BBI3BaTh 3HAYUTENbHOE HapylleHHe (pepMeHTHOH
CHUCTEeMBl B KieTKax. M3MeHeHue aKTHUBHOCTH
(epMeHTa mocne KpUOKOHCEPBUPOBAHUS KIETOK HE
MOXET pacUEeHUBAThCA TOJBKO KaK pe3yJbTaT
HapyIlleHUsl HaTUBHOM KoH(opmMaruu Oenka. Kpuo-
MOBpeXIeHUs (EPMEHTOB, BXOASILUIUX B COCTAB
OMOJIOTHIECKUX MEMOpaH, T0-BHIMMOMY, YaIlle BCETO
MOTYT OBITh BTOPHUYHBIM OTBETOM Ha M3MCHCHUE
MOJIEKYJISIPHON apXUTEKTYPHI M (Pa30BOTO COCTOSAHUS
JIUMAIHOTO KOMIOHEHTa MeMOpaH IOJ| BIHSHUEM
oxjaxxaeHus [1].

Cyxmunaraeruaporenasa (K® 1.3.99.1) — ogun u3
KJIFOYEBBIX (DEPMEHTOB LIUKJIA TPUKAPOOHOBBIX KUCIIOT.
OTOT pepMeHT OKHUCIsIeT CyKUMHAT B QyMapar u
OYCHB aKTHBEH BO BCEX KJIETKax. BoccTaHoBUTENIbHBIE
SKBHMBAJICHTB! OKUCIIAIOTCA B ABIXAaTEIbHON LENH C
obpazoBanreM AT®. C/AI" sBnsieTcss HHTETPAIbHBIM

Freeze-thawing of cells may cause a considerable
enzyme system disorder in cells. Enzyme activity
variation following cell cryo-preservation should not
be solely considered to be the result of impairment in
protein native conformation. Cryodamages of enzymes
being the part of biological membranes, could be
frequently the secondary response to the change in
molecular structure and phase state of membrane lipid
components under the cooling effect [1].

Succinate dehydrogenase (EC 1.3.99.1) is one of
the key enzymes in tricarbonic acids cycle. The enzyme
acidifies succinate into fumarate and is very active in
all cells. Recovering equivalents are oxidised in a
respiration chain with ATP formation. SDG is an
integral protein of internal mitochondrial membrane and
is strongly fixed in its structure. As mitochondria play
an important role in maintenance of sperm motility,
which is one of the factors determining male fertility
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OenKoM BHYTpEHHEH MUTOXOHAPHATBHON MEMOpPaHbI
U MpoYHO (UKCHPYETCS B €€ CTPYKType. Tak Kak
MUTOXOHJPHUH UTPAIOT 3HAYUTENbHYIO POJIb B MOA-
Jep>KaHUU NOJBUKHOCTH CIEPMHUEB, OJHOTO M3
(akTOpOB, ONpeneNAIOUHX (HEPTHILHOCTh CIIEPMHEB
[10], coxpannocts aktuBHOCTU C/II" omocpenoBanHo
XapaxkTepu3yeT UX QyHKIHNOHANBHYIO CIIOCOOHOCTE.

I'mroko30-6-pocdarnernnporenasza Kd.1.1.1.49
KaTaJIM3upyeT peakuuio OKHCIeHHus D-rioko30-6-
dochara. C 3To#t peakiuu HAYMHACTCS IIEHTO30-
¢docdarnbrit myHT. DepMEHT HAXOAUTCS PEUMYIIEC-
TBEHHO B pacTBOpuMoi (pakumu kinetku. 6D
YCTONYMBA K IEUCTBUIO 3aMOPAXKMUBAHUSA-OTTAUBAHUS
[1]. OnHako OBLUTO TOKA3aHO, YTO HU3KOTEMIIEpaTyp-
Hoe koHcepupoBanue (HTK) crepmbl KHUBOTHBIX
NPUBOJUT K BBIXOAY B JKCTPALEIUIIONSPHYIO CpeERy
psAla UUTOIMJIA3MAaTUYECKUX (HEPMEHTOB, KOTOPHIE
KOpPPENHPYIOT CO CTENEHBIO Pa3pylIeHUs KIETOK [7-
9]. B cBsi3u ¢ 3TUM u3ydeHHE (EPMEHTATUBHOU
AKTHBHOCTH OMONOTHYeCKUX 00BeKToOB Ha ATarax HTK
“MeeT OO0JIBIIOe 3HAUCHHUE JIJIS TUArHOCTUKU MOpGo-
(hyHKITMOHAIBFHOTO COCTOSHHUSA U POTHO3a BEIKMBAE-
MOCTH KJIETOK.

ens maHHO#W pabOTHl — W3yUYCHHUE BIHUSHUSA
dbaxtopoB HTK ma CAI' u '6D/I" akTHBHOCTH
CIIEPMBI YeJIOBEKa.

Martepnaabl 1 meToAbI

UccnenoBanu 27 35KyasTOB, HOMYYEHHBIX y 12
JIOHOPOB NOcIIe 3-4-THEBHOTO II0JIOBOT0 BO3AEP KaHMS.
Jid pazxkeHus dKynaThl nomemany Ha 40-60 MuH
B TepmocTaT npu 37°C. KoHlleHTpauio u noJBUxK-
HOCTH CIIEpMHUEB MOACUYUTHIBAIN B Kamepe Makler
(M3panns) B cOOTBETCTBHH ¢ pekoMeHaanusamMu BO3
[11].

CHAI' akTUBHOCTH B CIICPMHSIX YEIOBEKA OIpeEJIe-
JISUTH 110 MO (UIIMPOBAHHON HaMU MeTouke [4, 5].
B 1 mu cpensl, copepxamieit 7,5 MM kanuii-HaTpuit
docdarnoro 6ydepa (pH 7,4), 0,05 MM 2,6-1u-
xnop¢eHon-unnodenona, 1 MM ¢peHasmHMETACYIIB-
(ara, 25 MM cyknuHara, 2,5 MM NaCN, 2 MmxM
porenoHa, 0,2 %-ro Tpurona X-100, nobasisim 0,1 M
aaKkynara. AktuBHocTs CJII' BbIpakaiu B HMOIb
OKHCJICHHOTO CyKIIMHaTa B MUHYTY Ha 10° KIIETOK,
UCTONB3YS MOJAPHBIN KOA(QPHUIUEHT 3KCTHHLINH 2,6
nuxnopdenon-unaodeHona, pasubii 21x10° M'em!
[3].

I'6®AI" aktuBHOCTH B 0,1 MII criepMaibHOM
KUJKOCTH OTIPEeNessuid B 1 MI Cpefbl, coaeprKaien
120 MM Tpuc HC1 6ydepa, pH 7.4; 10 MM MgCL; 0,9 MM
NADP; 2,0 MM rmoko30-6-ocdara [6]. OnTu-
YECKYI0 INIOTHOCTh PETHCTPUPOBAIIN Ha JBYIYUEBOM
cuekrpodoromerpe Specord UV VIS (I'epmanus)
npu anuHe BonHbl 600 HM npu onpeaenenun CAI
aktuBHOCTH U 340 M ['6D/I" aktuBHOCTHU. Bcee
n3MepeHus mpoBoauiau mpu Temmeparype 37°C u
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[10], integrity of SDG activity characterizes indirectly
their functional capability.

Glucose-6-phosphate dehydrogenase (EC 1.1.1.49)
catalizes an oxidation reaction of D-glucose-6-
phosphate. This reaction initiates penthose-phosphate
bypass. Enzyme is mainly located in a soluble cell
fraction. G6PDG is known to be resistant to freeze-
thawing effect [1]. It was shown therefore that low-
temperature preservation of animals’ sperm caused a
release of the number of cytoplasmatic enzymes
correlating with cell damage degree into extracellular
medium [7, 8, 9]. In this connection enzyme activity
studying in biological objects at low temperature
preservation steps is of a significant value for
morphofunctional state diagnosis and a cell viability
forecast.

The work was aimed to studying the factors of low
temperature preservation effect on SDG and G6PDG
activities in human sperm.

Materials and methods

We investigated 27 ejaculates obtained from 12
donors after a 3-4 days’ sexual abstinence. For dilution
ejaculates were placed into thermostat for 40-60 min
at 37C. Concentration and spermatozoa motility were
calculated in Makler chamber (Israel) in compliance
with the WHO recommendations [12].

SDG activity in human sperm was determined using
the modified by us method [4,5]. Medium comprising
7.5 mM potassium-sodium phosphate buffer (pH 7.4),
0.05 mM 2,6-dichlorphenol-indophenol, 1mM phena-
sinmethasulfate, 25 mM succinate, 2.5 mM NaCN,
2 UM rothenon, 0.2% triton X-100 was added with
0.1 ml of ejaculate. SDG activity was expressed in
nMol of reduced succinate in min per 10 © cells, using
molar extinction coefficient for 2,6-dichlorphenol
indophenol equal to 21x10°M™! cm!' [3].

G6PDG activity in 0.1 ml of sperm fluid was
evaluated in the 1 ml of medium containing 120 mM of
Tris HCI buffer, pH 7.4; 10 mM MgCl2; 0.9 mM
NADP; 2.0 mM glucose-6-phosphate [6]. Optical
density was recorded with a double-ray Specord UV
VIS spectrophotometer (Germany) at a 600 nm wave
length to evaluate SDG activity and 340 nm for GOFDG
activity determination. All the variations were
accomplished at 37°C and constant shaking. GO6PDG
activity in sperm fluid was expressed in nMol NADPH
per min x 10° using molar extinction coefficient equal
t0 6.22x10°M' cm’".

For cryopreservation there was used a cryo-
protective medium comprising glycerol, lactose, chicken
egg yolk (CEY). Sperm samples after a 10-20s CEY
exposure were packed into 0.5-0.7ml polymer
apyrogenic tubes [11]. Sperm was frozen using the
following protocol: 1) 3-step program [2]; 2) rapid
freezing by immersing straws into liquid nitrogen; 3)
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OCTOSSHHOM nepememinBanuu. '6M/I" akTuBHOCTE B
CIiepMaJIbHOM KUAKOCTH BhIpakanu B HMosib NADPH
B MuH Ha 10° KJI€TOK, MCITOIB3YsT MOJISPHBINA KOd(-
(bHUIUEHT SKCTUHIIMH, paBHBIN 6,22X10° M-lem!.

JJ11 KpMOKOHCEPBUPOBAHMSI HCIIOIB30BAIH KPHO-
3aIIUTHYIO CPEAY, COAEPIKAIIYIO TIUIEPHH, JaKTO3Y,
xentok KypuHoro siiua (I'JIDK). OOpasusl ciepmbl
nocine s3kcno3unuu ¢ [JDK B teuenue 10-20 mMuH
pacdacospiBanu mo 0,5-0,7 MaI B moauMepHBIE
anuporeHHbIe TPYOKHU U 3aMOpakuBanu: 1) mporpam-
MHO€ KpHOKOHcepBUpoBaHHE [2]; 2) OvlcTpoe
3aMOpaXMBaHUE MyTEM IMOTPYKEHHUS COJIOMHHOK B
KUOKHUI a30T (CKOPOCTh 3aMOpPaXKMBAHUS OKOJIO
1000°C/mun; 3) oxnaxieHHe U XpaHEHUE B XOJIOINITb-
HuKe py —12°C HaTUBHBIX 00Pa3OB 1 00PaOOTAHHBIX
K.

CratucTHu4eckyr 00pabOTKy MPOBOJHMIH C
nomotisio nporpammsl Excel, ncnons3yst kpurepuii
CrbprofeHTa.

Pe3yAbTaTbl M 00Cy)XAeHHe

B pesynsrare nccnenoBanus ObIJIO YCTaHOBIICHO,
YTO KOHLIGHTPALUs CIEpPMHUEB B HATUBHBIX 00pa3max
SIKYJSITOB paBHsUIACh 7246,3 MIIH/MJI, CyMMa (pakuuit
CIIEPMHEB C OBICTPBIM M MEJIJICHHBIM MIPOTPECCUBHBIM
nBrkenreM — 54+5,0%. ITocne no6asnenus I'JDK
KOHIIEHTPAITHsI CTIEPMHEB cocTaBisiia 35+3,2 MitH/ ML,
MOABIKHOCTD — 5745,2%. Ilpu 3amopaknBaHuu 1o
nporpamme KOHIEHTpAIUsl CIIEPMUEB COXPAHSJIACH
35+3,1 MiH/MII, a TOABMKHOCTE — 45+4,3%. Ilocae
OBICTPOTO 3aMOpaKUBAHHS MMOJBUKHOCTD B JJAHHOM
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Puc. 1. CAT" akTHBHOCTB B CLIEPMUSIX YETIOBEKA: |— KOHTPOIb
(maruB); 2 — maruB+IJIK; 3 — HTK no nporpamme; 4 —
osicTperit MeTon-HTK; 5 — oxmaxkgenne no —12°C ¢ [TIXK;
6 — oxnaxxaenue 10 —12°C 6e3 TJIK.

Fig. 1. SDG activity in human sperm: 1 —control (native); 2 —
native+CEY; 3 — low temperature storage on the protocol; 4 —
low temperature storage (rapid method); 5 — cooling down to
—12°C with CEY; 6 — cooling down to —12°C without CEY.
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cooling and freezer storage of native and CEY -treated
samples at —12°C.

Statistical processing was performed using Excel
software with Student’s criterion.

Results and discussion

As aresult sperm concentration in native ejaculates
samples was found to be equal 72+6.3 mln/ml, total
number of spermatozoa fractions with rapid and slow
progressive movement made 54+5.0%. After CEY
addition spermatozoa concentration made
35+3.2 mln/ml, motility was 57+5.2%. When freezing
according to the protocol spermatozoa concentration
remained 35+3.7 min/ml with the motility of 4514.3%.
After rapid freezing motility in this group of
spermatozoa made 20+1.8% and after hypothermia
(not depending on storage terms) there were no
observed motile spermatozoa.

As Fig.1 shows SDG activity in native human
spermatozoa (control) made 0.755+0.017 nmol/min/mln
(n=17). After equilibration with HEY there is observed
an increase in SDG activity up to 0.808%£0.030
nMol/min/mln (n=17), which is not statistically
significant. ADG activity after cryopreservation
according to the protocol made 0.816x0.022 mol/min/
min (n=17). Enzyme integrity at a rapid freezing
remained at the control level, i.e. 0.786£0.031 nmol/
min/min. Following storage at —12°C with and without
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6O akTMBHOCTb, HMOMb/MUH/MIH
G6PDG activity, nMol/min/miIn

Puc. 2. T6®/II" akTUBHOCTH B JSKYJIATaX 0 M MOCTE
KPHUOKOHCEPBUPOBAHUS: 1— KOHTPOIb (HATHB); 2 — HATUB+
I'JIK; 3 — mocie HTK mo mporpamme; 4 — mocne HTK
(6BIcTpBId MeTON); S — oxnaxaenue 10 —12°C ¢ TJIK; 6 —
oxnaxaenune 10 —12°C 6e3 [TIK.

Fig. 2. G6PDG activity in ejaculates prior to and following
cryopreservation: 1— control (native); 2— native+CEY; 3 —
following low temperature storage on the protocol; 4 —
following low temperature storage (rapid method); 5—
cooling down to —12°C with CEY; 6 — cooling down to —
12°C without CEY.
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rpynne cuepmueB cocrtasisia 20+1,8%, a mocne
TUMIOTEPMHUHU (HE3aBUCHMO OT CPOKOB XPaHEHWS)
MOJIBMYKHBIX CIIEPMHUEB 00HAPY>KEHO HE OBLIO.

Kak BunHo Ha puc. 1, C/II" akTHBHOCTB B CLIEpMUSIX
YelloBeKa B HAaTUBHBIX 00pas3nax (KOHTPOJb) cocTa-
Buna 0,755+0,017 amonp B mus/MiH (n=17). ITocne
skBunubOpanuu ¢ [JDDK HabmrogaeTcs moBbIIIEHUE
aktuBHOCTH CII" mo 0,808+0,030 HMOIL B MUH/MIIH
(n=17), xoTOpOE ABISAETCS CTATHCTUYECKHU HEITOCTO-
BepHBIM. [ locie KproKOHCEpPBUPOBAHKS 110 TIPOTPaMMe
CHI" akTHBHOCTH OCTaBajach Ha TAKOM K€ YPOBHE —
0,816+0,022 amo:b B Mus/MiH (n=17). [Ipu ObicTpoM
3aMOpaKMBaHUH COXPAHHOCTH ()epMEHTA OCTABAIIACH
Ha ypoBHe KoHTpoitsi — 0,786+0,03 1 HMOJb B MUH/MITH.
[Tocne xpanenus npu —12°C ¢ KpHOIPOTEKTOPOM U
0e3 Hero HaOmonaNM goctoBepHoe cHbkenre CLI akTuB-
Hoctu —0,603+0,057 1 0,451+0,035 HMOIL B MHH/MIH
(P<0,05, n=6) coorBeTcTBeHHO. [lo-BHAMMOMY,
konebanus aktuBHOoCcTH CJII" B 0Opasiax cBs3aHbI ¢
KMHETHYECKOH aKTUBHOCTBIO CIICPMHEB.

Kax mokazano Ha puc. 2, ['6D/I" akTUBHOCTH B
crepMajIbHOH mazme nocie sksunuodparuu ¢ [JDK
3aMOpa)KMBaHUS 110 IPOTPAMME OCTAIOTCS Ha YPOBHE
KOHTPOJISi. AKTUBHOCTh JaHHOTO (epMeHTa B
CHiepMaNbHOI T1a3Me JOCTOBEpHO BHIIE (5,05 HMOIB
NADPH B MHH/MJIH) TIOCIIE KPUOKOHCEPBUPOBAHUS
OblcTpeiM MeTONOM. bomee Bbeicokas ['6D/I
AKTUBHOCTb OTMEYAETCs U 1Tocie XpaHeHus npu —12°C
C KpHONPOTEKTOpOM U 0e3 Hero. boinee Bricokmii
YPOBEHb aKTUBHOCTH (DEPMEHTOB BO BHEKJIETOUHOIL
cpeze KOppeIupyeT ¢ KOJTMYECTBOM pa3pyIICHHBIX U
MOBPEXXICHHBIX KJIETOK, J0JS1 KOTOPBIX B IpoLecce
3aMOpaXMBaHUS U OTTaWBAHUsI YBEINIUBACTCS.

BbiBOADI

Taxum ob6paszom, nodasnenue [TIDK u xproxoH-
CEPBHUPOBAHHE 110 ITPOrPaMMe ITO3BOJISIFOT COXPAHUTh
AKTUBHOCTH HMCCJICJJOBAaHHBIX (DEPMEHTOB, KOTOpas
KOpPETUPYET C MOIBUKHOCTHIO CIIEPMHEB. XpaHEeHHE
npu Temneparype —12°C B TedeHue 6 4 CyIecTBeHHO
Brnuser Ha CAI' u 6D aktuBHOCTH ciepmueB. B
pe3ynpTaTe UCCIEAOBaHUS MOKAa3aHO, YTO OLIEHKa
AKTUBHOCTH ‘“‘IIBIXaTENBHBIX (PEpPMEHTOB CIIEpMHUEB
YeJ0BE€Ka ONOCPEJOBAHHO XapaKTEepU3YyeT HX
CHOCOOHOCTh K OIUIOJOTBOPEHUIO M €€ HEOOXOIUMO
nposoauthk nociae HTK ramer B couetanuu ¢
OCHOBHBIMH TTapaMeTpaMy UCCIIEI0BAHUS dAKYIATA.
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cryoprotectant there was observed a considerable fall
in SDG activity: 0.603+0.057 and 0.451£0.035 nmol/
min/mln (P<0.05 n=6), correspondingly. Variation in
SDG activity on samples is likely related to kinetic
activity of spermatozoa.

As Fig. 2 demonstrates, GOPDG activity in sperm
plasma following equilibration with CEY and protocol-
based freezing remains at the control level. The enzyme
activity in spermal plasma is significantly higher (5.05
nmol NADPH per min/mlIn) after being cryopreserved
with a rapid method. A higher G6PDG activity is also
noted following a cryoprotectant-based and cryo-
protectant-free storage at —12°C. A higher enzymes
activity level in extracellular medium correlates with
the amount of destroyed and impaired cells, whose
share increases during freeze-thawing process.

Conclusions

Thus CEY addition and protocol-based cryo-
preservation enable us to keep the activity of the
enzymes under study and correlates with the integrity
in motile sperm fraction. A 6 hrs’ storage at —12°C
considerably affects the SDG and G6DG spermatozoa
activities and sharply reduces their motility. Evaluation
of'the activity of “respiratory” human sperm enzymes
was shown to indirectly characterize their fertilization
capability and it should be studied following low
temperature preservation of gametes in combination
with main parameters of ejaculate testing .
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