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W3yuanu BIusHUE OKOJIOHYJIEBBIX TeMIeparyp 1 nuroxpoma C Ha akTUBHOCTh cykuuHaraeruaporenassl (CI) B ciepmarozonnax
YeI0BeKa. YCTaHOBICHO,4TO IUTOXPOM C CrIOCOOCTBYET MOBBIIICHHIO OABMKHOCTH criepmueB U akTuBHOCTH CJ[I Ha 30% Ha sTamne
peaGHHI/ITaLII/II/I IOCJIC TUIIOTEPMHUHU U, CJICAO0BATCIIBHO, MOXET 6bIT]> HUCIIOJIb30BaH JJIA YIIYyUIICHUS Kau€CTBa CIIEPMBI ITPU ITOATOTOBKE

€€ K MHCEMHHAIUU.

BuBuanu BIIMB HABKOJIOHYJIEBUX TeMmmeparyp i nuroxpomy C Ha akTHBHICTB cykuinataeriaporeHasu (C/AI') B cnepmaro3oinax
JIIOMHU. YCTaHOBIIEHO, 1110 1uToXpoM C CIpusie miABUILEHHIO PyXJIUBOCTI criepMiiB i aktuBHocTi CJI" Ha 30% Ha eramni peabinmiTawii
micist rinotepMii i, 0T)ke, MoXe OyTH BUKOPUCTAHMI JJIsI TOKPAILEHHS SKOCTI CIIEPMH HPH MiArOTOBI if 10 iHCeMiHaii.

The authors investigated the effect of about zero temperatures and cytochrome C on the activity of succinate dehydrogenase
(SDG) in human spermatozoa. It has been established that cytochrome C contributes to the increase of spermatozoa motility and
activity of SDG by 30% at the rehabilitation stage after hypothermia and therefore can be used for the improvement of sperm quality

when preparing it for insemination.

B Hamm nHM opraHu3M yenoBeKa MOABEPracTCs
MOIHOMY BO3JEHCTBUIO Pa3IUYHBIX (aKTOPOB
3arps3HEHUs] BHEUIHEW cpeabl, OTpHULATEIbHO
BIIUSIOUINX Ha 3J0POBBE YEIOBEKA, B TOM YHCIIE U Ha
penponyktuBHyo ¢pyHku [6,10]. [To nanasiM BO3
[13], 3a mocnenuue 50 neT KOHIEHTpAIUs CIIEPMUEB
B 9SIKYJISITE 37I0POBBIX MYX4IUH CHU3MIAch Ha 40-50%,
a KOJIMYECTBO OECIMJIOAHBIX CYNPYXECKHX Map
yBermmumIoch 10 30%. Oxkomno 50% 13 HUX IPUXOIUTCS
Ha JIOJTF0 MYKCKOT'0 O€CTUTOHS, BRI3BAHHOTO Pa3iny-
HBIMH NPUYMHAMHU: TOPMOHAJIbHON HEIOCTAaTOY-
HOCTBIO, BO3IEHCTBHEM SHAOT€HHBIX FUTH 3K30TEHHBIX
(akTOpoB, KOTOPHIE B COUETAaHUU 3HAYUTEIHHO
3aTpyAHSIOT KOPPEKLIMIO BBI3BaHHBIX HapyIeHu# [1, 11].
J71s1 TOBBIILIEHNS OBM>KHOCTH U YKU3HECTIOCOOHOCTH
CHEpPMHUEB NMPUMEHSUIH Pa3iuvHble PU3HYECKUE H
XUMHUYECKHE METObI, B YaCTHOCTH, YJIBTPAa3BYKOBBIC
KojeOaHus, Na3epHOE H3JIYyUYEHHE, MOCTOSHHOE
MarHuTHOE IOJie, a TaK)Ke HEeKOTOphie (papMaxo-
JIOTHYECKHUE, XUMUIECKHE 1 OMOIOTHIECKHE BEIECTBA
[2-5]. TpanunnoHHBIE METOABI JICUCHUS OSCIIIONUS HEe
BCerjia MPUBOJSAT K BOCCTAHOBJIECHUIO QYHKIIUH
criepMaroreHesa. B Takux ciydasx MpUXOAUTCS
HCIIOTH30BaTh HOBBIE PENIPOYKTHBHBIE TEXHOIOTUN
(IVF, ICSI, UCM, nmoHOPCTBO raMeT U SMOPHUOHOB),
BKJIIOYAIOIINE KPAaTKOBPEMEHHOE UIIN AOJITOCPOYHOE
XpaHEHUE PEeNnpoAyKTHUBHBIX KJIETOK, YTO MOXKHO
JOCTHYb KPHOKOHCEPBUPOBAHUEM MITU THIIOTEPMHUEH.

WHTerpanbHelil OKa3aTreslb BHYTPHUKIETOUHOTO
Metabonu3ma — akruBHOCTh CUI. lanubiil pepmeHT
3aHUMAaeT IeHTpanbHOoe MecTo B nukie Kpebca u
HaxOAMUTCSl B TECHOM KOPPEIATUBHON 3aBUCUMOCTH OT
JpYTUX KIIOYeBBIX hepMeHTOB. BaxxHbIM CBOHCTBOM
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Nowadays a human organism is subjected to a
powerful effect of different factors of environmental
pollution, negatively affecting the human health,
including reproductive function [6, 10]. According to
the WHO data [13] during recent 50 years the
concentration of spermatozoa in ejaculate of healthy
men reduced by 40-50% and the number of infertile
married couples increased up to 30%. About 50% of
them are referred to the share of male infertility, caused
by different reasons: hormonal insufficiency, effect of
endogenic and exogenic factors, which in the
combination make the correction of caused impairment
significantly difficult [1, 11]. To enhance the motility
and viability of spermatozoa there were used different
physical and chemical methods, in particular,
ultrasound oscillations, laser irradiation, constant
magnetic field as well as some pharmacological,
chemical and biological substances [2-5]. Traditional
methods of infertility treatment do not always result in
the recovery of spermatogenesis function. In such cases
one has to use new reproductive technologies (IVF,
ICSI, insemination with husband’s sperm, donation of
gametes and embryos), including short- and long-term
storage of reproductive cells, which can be achieved
with cryopreservation and hypothermia.

SDG activity is an integral index of intracellular
metabolism. This enzyme takes a central place in Krebs
cycle and is in a tight correlative dependence on other
key enzymes. Belonging to highly activated enzymes
is also an important SDG property [8, 9].

It is known that during infertility, caused both
inflammatory processes in reproductive tract and
androgenic insufficiency, SDG activity reduction is
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CAT" Takxe sBISeTCS MPUHAIIE)KHOCTh K BBICOKO-
aKTHUBUPYEMBIM QepMeHTaM [8,9].

UzBecTHO, 4TO mpH OECIIONNH, BHI3BAHHOM KaK
BOCTIAJIUTEIbHBIMH MPOLECCAMH B PEIIPOLYKTHBHOM
TpPaKTe, TaK U aHAPOTEHHOW HEAOCTATOYHOCTHIO,
cumxkaetcsa aktuBHocts CHI' [11]. C uzMenenuem
aKTUBHOCTHU 3TOro ¢epMeHTa MeHseTcs Gpusnomuo-
TUYECKOE COCTOSIHHE KJIETOK, YTO MOXKET SIBISATHCS
JIMarHOCTHYECKUM W TIPOTHOCTUYECKHM TECTOM JUIS
OTIpeIeTIeHNS YKU3HECTIOCOOHOCTH CIIEPMHEB YeJIOBEKa
Ha dTanax HU3KOTeMIIepaTypHOTO KOHCEPBUPOBAHUS
U THITIOTEPMUHU.

Lens nccnenoBanus — OonpeaeeHne akTHBHOCTH
CIAI' B ciepMusxX 4YeloOBEKa O W MOCJE THIO-
tepmuueckoro xpaneHus (8°C), a Takxke npu
no6asnennn muroxpoma C B cpeay OoTorpesa.

OOBEKTOM HCCIIEI0BAHMUI CITY>KHJIa CTiepMa MY>K4HH,
MOJTyYeHHAs IyTeM MacTypOaluu mocie 3-THEBHOTO
MOJIOBOrO BO3AepkaHMs. MccinenoBanue crnepMsl
npooauwiu 1o pexkomenganusm BO3 [13]. Konuen-
TPALHUIO U MOJBUKHOCTH CIIEPMHEB MOJICYUTHIBAIN B
kamepe Makiiepa (MU3pawis). [TogsuxHyto Gpakiiuio
ramMer MoJy4yald IyTeM (QHUIbTparuu ISKysaTa Mo
MoAH(QUIUPOBAHHON HamMu MeTonuke. st 3TOTO
CIIEpPMHUH TIOMEIIATN B KOJIOHKY € 15 MTr CTeKI0BaTHI,
MpEIBAPUTEIBHO IPOMBITON MUTATEIBHOU Cpenoi
X39HKCa. Cycnensuio criepMues, pazoasieHHyto 1:1
MUTaTEeTIbHON Cpenoil, HeHTpu(yrupoBanu 7 MUH IPH
160 g, HamocanOUHY0 )KUIKOCT OCTOPOXKHO YOupaiu,
HacyauBaiy 0,8 M1 cpebl ¥ TOMEIAIN B TEPMOCTAT
Ha 20 MuH mox yriom 45°. 3arem cymnepHaTaHT
(moxBuxHas Qpakuus CIEpPMHEB) OCTOPOKHO
CHUMaJIHM M OXJIQXKIAaJU OT KOMHATHOH TeMIepaTyphbl
no 8°C, xpaHWIM IpHU TOH ke Temmeparype [7].
[TomydeHHyI0 CyCIIEH3HIO CIIEPMHUEB OTOTPEBAIH 0
37°C B tepmoctare. [locae ororpeBa k obpasiiam
nobaeisun nuToxpoM C B KoHIeHTpanuu 2,4x10¢ M.

Hnst onpenenenus akruBHocTd CAIT HamMu ObLI
MOM(HUIUPOBAH METOT, TPUMEHSIEMBIH JIJIS TKAHEBBIX
cpe3oB [12]. Ha mpeaMeTHOM CTEKJE U3TOTOBIISLIN
TOHKHE PaBHOMEPHBIE Ma3KH CIIEPMUEB, BHICYIINBAIIH,
no6asisu 0,2 M1 MTHKYOallMOHHOM CpeJibl, COCTOSILECH
n3 30 MI/Mi CyKIMHATA HATPHS, 2 MI/MJI HAITPOCHHETO
terpazonus, 0,5 Mr/mi ¢peHasunMmeracynbdara B
¢octharHom Oydepe 0,2 M (pH 7,2). Ma3zku
nomemany Ha 40 MmuH B TepmocTar mpu 37°C. 3atem
ux ¢uxcupopanu B napax 10%-ro HeHTpaIbHOTO
dbopmanuna B Teuenue 10 MWUH, IpOMBIBAIH B
(bU3MOTOTHYECKOM pacTBOpPE U 3aKI0YalIN B
IIAIEpUH-KeIaTuH. Pe3ynprar peakuuu omnpene-
JIAIM TI0 TTOKA3aTeli0 CPEIHET0 THCTOXUMHUYECKOTO
koapdunmenta (CI'K) mias kax o TpyIIiel KIETOK
o gpopmyie:

CI'K=0+1a+26+36/100,
roe 0 — oTCyTCTBUE OKpacku; la — Hanmuvue B
nurtomiasme 10 30 rpanyn — cnabast peakuus; 20 —

MPOBJIEMbI
KPMOBMONIOTUMU
2002, Ne4

characteristic [ 11]. When changing the activity of this
enzyme the physiological state of the cells changes as
well, this fact can be diagnostic and prognostic tests to
determine the viability of human spermatozoa at the
stages of low temperature preservation and hypo-
thermia.

The aim of the study was to determine the SDG
activity in human spermatozoa before and after
hypothermic storage (8°C), as well as when adding
cytochrome C to the warming medium.

Men’s sperm obtained by masturbation after 3-days’
sexual abstinence served as the object. Sperm
examination was carried out according to the WHO
recommendations [13]. Concentration and motility of
spermatozoa were counted in Makler’s chamber (Israel).
Motile fraction of gametes was obtained by ejaculate
filtration according to the modified by us methods. For
this aim the spermatozoa were placed to the column with
15 mg of glass wool, preliminarily washed with Hanks
nutritive medium. Spermatozoa suspension diluted in
the 1:1 ratio with nutritive medium, were centrifuged
during 7 min at 160g, supernatant liquid was carefully
removed, 0.8 ml of medium was laid by layers and
placed to thermostat for 20 min under the angle of 45°.
Afterwards the supernatant (motile sperm fraction) was
removed and then was cooled from room temperature
down to 8°C, and stored at the same temperature [7].
Obtained suspension of spermatozoa was thawed up
to 37°C in thermostat. After thawing to the samples we
added cytochrome C under concentration of 2.4x10¢ M.

To determine SDG we have modified the method
applied for tissue slices [12]. Fine even spermatozoa
smears were done on the subject glass, then they were
dried, 0.2 ml of incubation medium, comprising 30mg/
ml of sodium succinate, 2mg/ml of nitroblue
tetrasolium, 0.5 mg/ml phenazinemetasulphate in
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Puc.1. Axrusaocts CII' B ciepMusix uenoBeka (KOHTPOJIb)
— OT YMEpEHHOM A0 BeIpakeHHOU peakunu (X1000).

Fig. 1. SDG activity in human spermatozoa (control): from
moderate to manifested reaction (x1000).
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P b B P .
Puc.2. AktuHocts C/II B criepMusix gemoBeka mocie 2-x
CYTOK THIIOTEPMHUYECKOT0 XPaHEHHS — OT CI1a00H peakuu
JI0 yMEepeHHOH (BUIHBI KPYTIHBIE HECTaHIaPTHBIEC TPAHYIBI
MIPOAYKTA PEAKIIIH).

Fig. 2. SDG activity in human spermatozoa after 48hrs of
hypothermic storage: from slight to moderate reaction
(non-standard granules of the product reaction are seen).

Hajgu4yue B IUToIuIasMe 10 60 rpaHyn — yMepeHHas
peakuus; 3¢ —congepxkanue 6onee 60 rpanym —
BBIPAKEHHAS PEAKIHs.

B pesynbrare ucciaenoBanus ObI0 OTMEUEHO, YTO
npu runiorepmudeckom xpanennd (8°C) B 70 oOpasiax
coJiep)KaHUe CIEPMHUEB C OBICTPBIM WU MEIJIEHHBIM
MIOCTYTATEeNbHBIM IBHKECHHEM (TPYIIIHI d U 8) MOCIIe
2-X CyTOK XpaHEHHS CYIIIECTBEHHO HE OTJINYAIOCh OT
KOHTPOJISI, a IMEHHO: TpyTia a coctasisiia 32 u 37%,
arpynna e —41 u 51 % (p<0,05) coorBercTBEeHHO. B
CYCIIEH3HH I'aMeT, MOTy4eHHbIX 13 10 KyIsITOB, Taxke
Ha 5-e cyTku 10% cnepmueB ocraBanuch ciabo
MOJIBUKHBIMU. XpaHEHHE ISIKYIISTOB IPU KOMHATHOM
TeMIeparype B TeueHue 48 4 IPUBOANIIO K CHUKEHHIO
MOABIXXHOCTU B rpynmne g ¢ 41 no 12% u noaHomy
OTCYTCTBHIO CIIEPMHEB IPYIIIHI a.

[Ipu oueHke Ma3KoB OBLTO YCTaHOBJICHO, YTO IO
Mepe co3peBaHHUs KJIETOK aKTHBHOCTH DH3WMa B
KOHTPOJNBHBIX 0Opa3max cHuxkaercsi. OTMeueHa
BBIpaKEHHAsI PeaKIys B FOHBIX KJIETKaX, yMEpeHHas — B
3penbix (puc.l). CI'K cooTBETCTBEHHO COCTaBISUT: B
1oHBIX (opmax — 2,8910,1, B 3penbix cnepMHsIX—
1,4210,04 (p<0,05). ITociie CyTOK THIIOTEPMHIECKOTO
XpaHEHUs XapakTep U JOKaJIN3alus IpaHyJl B 3peiblX
CIIEPMUSX CYIIECTBEHHO HE U3MEHSIIUCH 110 OTHOLIE-
HHUIO K KOHTPOJIIO, B TO BpeMs KaK aKTMBHOCTb
(hepMeHTa B FOHBIX criepMuSX CHU3MIach Ha 36%. CT'K
obu1 1,87 £0,14. Ilocne 2-x cytok xpanenusi CI'K B
IOHBIX U 3penbix ramerax coctapisan 1,8010,02 u
1,33%£0,02 (p< 0,05) cooTBeTCTBEHHO. AKTUBHOCTH
CAI' B Ma3kax IpH OIEHKE OTJIOKECHHUS MPOAYKTa
peakIu BappbupoBana ot ciaaboi 70 ymepeHHou. B
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0.2M phosphate buffer (pH 7.2) were added. The
smears were placed for 40 min to thermostat at 37°C.
Afterwards they were fixed in the vapours of 10%
neutral formalin during 10 min, were washed-out in
physiological solution and placed to glycerol-gelatin.
The result of reaction was determined on the index of
average histochemical coefficient (AHC) for each group
of cells on the formula:
AHC = 0+1a+2b+3¢/100,

where: 0 — the absence of reaction; 1a — the presence
in cytoplasm of up to 30 granules (weak reaction); 2b —
the presence in cytoplasm up to 60 granules (moderate
reaction); 3¢ — the presence in cytoplasm of more than
60 granules (manifested reaction).

In the result of investigation it was noted that under
hypothermic storage (8°C) in 70 samples the content
of spermatozoa with rapid and slow forward moving
(groups a and ¢) after 48 hrs of storage did not differ
considerably in comparison with the control: group a
made 32 and 37%, and group b did 41 and 51% (p< 0.05),
correspondingly. In the suspension of gametes, obtained
from 10 ejaculates even to the 5" day 10% of
spermatozoa remained motile. Storage of ejaculates at
room temperature during 46 hrs resulted in a decrease
in the motility in the group ¢ with 41 and 21% and
complete absence of spermatozoa of the group a.

During evaluation of the smears we have found that
when the cells became mature the enzyme activity in
the control samples reduces. There was found a
manifested reaction in young cells, moderate in mature
(Fig.1). AHC made, correspondingly: in young forms
2.8940.1 and 1.42+0.04 in mature spermatozoa
(p=0.05). After 24 hrs of hypothermic storage the
character and localization of granules in mature
spermatozoa did considerably not change in respect of
the control, meanwhile the enzyme activity in young
spermatozoa decreased by 36%. AHC was 1.87+0.14.
After 48hrs of storage AHC in young and mature
gametes made 1.80+0.02 and 1.33+ 0.02 (p<0.05),
correspondingly. SDG activity in the smears during the
estimation of reaction product formation varied from
a slight to moderate one. In pathologically changed
cells, maybe, the membrane permeability impaired that
was accompanied by the appearance of abnormal
amounts of substrate in different sites of cell and the
formation of large conglomerates (Fig. 2).

Since after 3 days of hypothermic storage the
kinetic activity of spermatozoa sharply reduced, for us
it was expedient to stimulate the motility, in particular
using cytochrome C. Earlier it has been shown that
when adding cytochrome C under concentration of
2.4x10° M to the storage medium the number of
spermatozoa in a motile fraction increased [7]. It has
been established that after adding cytochrome C to the
samples of suspension spermatozoa, stored under
hypothermia conditions during 48 hrs and 72 hrs, the
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Puc. 3. AKTHBHOCTH CJIF B CIIEPMMSIX YEJIOBEKA, XPaHUB-
LIMXCS B TEYCHHE 3-X CyTOK MpPH T'MIIOTEPMHH, IOCIE
nob6asnenus nuroxpoma C. IIpeobnanatomiee KoIM4ecTBO
CIIepMHEB C BeIpakeHHOH peaknueit (x1000).

Fig. 3. SDG activity in human spermatozoa, stored during
3 days under hypothermia after adding cytochrome C.
Predominant number of spermatozoa with manifested
reaction (x 1000).

MaTOJIOTNYeCKH N3MEHEHHBIX KIIETKAX, IO-BHIMOMY,
Hapyliajach MPOHUIIAEMOCTh MeMOpaHbI, YTO
COMPOBOXKIAJIOCH MOSABICHUEM AHOMAJbHBIX KOJH-
4ecTB cyOcTpara B pa3iMUYHBIX yYacTKax KJIETKH H
00pa3oBaHHEM KPYIHBIX KOHIJIOMEPATOB (pHc.2).

[Nockonbky mocie 3-X CyTOK TMIOTEPMHUYECKOTO
XpaHEeHUs] KHHETUYECKas! aKTUBHOCTD CIIEPMHUEB PE3KO
CHMDKaJIach, OBUIO L€J€CO00pa3HO MPOBOAUTH CTUMY-
JAIUI0 TOABUXHOCTH, B YaCTHOCTH, C MOMOIIIBIO
nutoxpoma C. Paree ObIIO TOKa3aHO, YTO TPH
nobGaBieHUM B cpeny xpaneHus nutoxpoma C B
KoHIeHTpauu 2,4x10° M yBelInYHBanIOCh KOJIH-
YeCTBO CIIEPMHEB B MOABHMXXHOU (pakumum [7].
YcraHoBneHO, uTo Tocie nobasieHus uroxpoma C
B 00pa3ibl CyCIEH3UH CHEPMUEB, XPAHUBIIUXCS B
YCIIOBHAX TMIIOTEPMUH B TEUCHHUE 2-X WU 3-X CYTOK,
akTuBHOCTH CJ/II" B I0OHBIX M 3peNBIX KIETKax
MOBBIIIAJTACh 10 CPAaBHEHHIO C KOHTpojeM Ha 30 u
32%, cooTBeTCTBEHHO. Peakiuio Ha epMEHT OLEHH-
Balll Kak BwIpaxkeHHYI0 (puc.3). Kontponem ciy-
XKWIH 00pas3ibl CYyCIIEH3UU CIEPMHUEB, K KOTOPHIM
nutoxpom C mocie THIOTEPMUYECKOTO XPaHEeHHUS
He ao0aBisiu. B maskax HaOmomanu npeoOJa-
Jaroliee KOJUYeCTBO CIEPMHUEB C HU3KOW aKTHUB-
HOCTBIO (hepMenTa (puc.4).

Ilonmy4yeHHbIe JaHHBIE CBUAETENBCTBYIOT O TOM, UTO,
M0-BUAMMOMY, NpUMeHeHHe nutoxpoma C ¢ Lenbo
MOBBIIIEHUS] OMOJIOTHYECKOH aKTUBHOCTH CIIEPMHEB
YyeJoBeKa KaK HATUBHBIX, TAK U XPAHUBLIMXCS B
YCIIOBUSIX TUIIOTEPMHH 00YCIIOBJIEHO yYaCTHEM JAHHOTO
(epMeHTa B SHEPTETHYECKOM OOMEHE KJIETOK U €ro
criocoOHoCThIO akTuBHpoBarh CI™ u npixaHue U TeM
CaMbIM OTIOCPEIOBAHHO CIIOCOOCTBOBATH OBHIIIICHHIO
OILIOIOTBOPSIONIEH CIIOCOOHOCTH CIIEPMHUEB YEIIOBEKA.
NPOBJIEMbI
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Puc. 4. Axktusnocts C/II" B 06pa3uax CIIEPMUEB YCIIOBEKA
mociie 3-X CyTOK XpaHeHust 6e3 mo0asieHus iuroxpoma C
(KOHTpOIIB).

Fig. 4. SDG activity in the samples of human spermatozoa
after 3 days of storage without cytochrome C (control).

SDG activity in young and mature cells enhanced in
comparison with the control by 30 and 32%,
correspondingly. The response to enzyme was estimated
as manifested (Fig. 3). The samples of spermatozoa
suspension without adding cytochrome C after
hypothermic storage served as the control. In the smears
we observed the predominant number of spermatozoa
with a low enzyme activity (Fig. 4).

Obtained data testify to the fact that probably the
application of exogenic cytochrome C with the aim of
enhancing the biological activity of human spermatozoa
of both native and stored under hypothermia conditions,
is stipulated by the participation of this enzyme in
energy exchange process and its capability to activate
the SDG and respiration and by this to contribute as a
mediator to increasing of fertilizing ability of human
spermatozoa.
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