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BAusiHne (pakTOpOB KPMOKOHCEPBUPOBAHUSI Ha 3HepreTuvyeckuini oomeH

aKTMBMPOBaHHbIX crniepmues ca3aHa (Cyprinus carpio L.)
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Effect of Cryopreservation Factors on the Energetic Metabolism

of Cyprinus carpio L. activated Spermatozoa
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V3y4danu BiausiHue GpakTopoB KPHOKOHCEPBUPOBaHHS (THIIOTEPMHH, THIIEPTOHHUH, 3aMOPaYKUBAHUs U OTTAMBaHUs) Ha COJIEPIKaHHE
KITFOUEBBIX JHEPreTHYECKUX METabOJIUTOB TTOK030-6-pochara (H6®D), mupysara ([1B), makTara M OCHOBHBIX MaKpOIPTUUECKHX
¢docharo ATD u kpearuHpocdara (KD) B ciepMusix cazaHa sl BBEIBICHHS HauOOJIee KPUOUYBCTBUTEIBHBIX METa0OINYECKAX
peakuuii. YCTaHOBJICHO, YTO BCE HCCIICA0BaHHbBIC ()aKTOPBI BHOCSAT 3HAYUTENILHBIC N3MEHEHHS B 3HEPrOOOMEH OOJIBLIMHCTBA KIICTOK, a
HCIIONB3YEMBIE METO/IbI KPHOKOHCEPBUPOBAHHS CIICPMBI PHIO HE 00ECIICYNBAIOT HOJIHOW COXPAHHOCTH BHYTPEHHUX (DYHKIMOHAIBHBIX
[1apaMeTpOoB BCEX KIIETOK.

Karouesvie cnosa: KpuoKOHCEPBUPOBaHUE, criepMa peI0, kpeatnHpocdar, AT, makrar, mupyBar, TIt0ko30-6-pocdar.

Bupyanu BmmuB (hakTopiB KpiOKOHCEpBYBaHHS (TimoTepMmii, TimepToHii, 3aMOpPOKyBaHHS 1 BiITaBaHHSA) Ha BMICT KIFOUOBHUX
SHEepPreTHYHUX METabOIITIB TIII0K030-6-pocdary, mipyBary, JakraTy i 0CHOBHUX Makpoepriunux ¢pocdaris ATD i kpearnHpocdary B
CIIEpMisiX ca3zaHa Ui BUSBJICHHS HaHOUTBII KPiOYYTIMBHX META0ONMIYHUX peakiiii. YCTaHOBICHO, IO BCi HOCTIIKYBaHI (GakTopu
BHOCSITH 3HaYHI 3MiHH B €HEPrOOOMiH OUTBIIOCTI KIIITHH, 2 METOON KPIOKOHCEPBYBaHHS CIEPMH PHO, SIKi BUKOPHCTOBYIOTHCS, HE
3a0e3MeuyroTh MOBHOI [IIOCTI BHYTPIIIHIX (YHKI[IOHATBHUX IMapaMeTPiB YCIiX KIITHH.

Kurouosi crosa: KpioKOHCEpBYBaHHs, criepMa puo, kpearnHpocdar, ATD, nakrar, mipysar, TIIFOK030-6-pocdar.

We have investigated the cryopreservation factors (hypothermia, hypertonia, freezing and thawing) on the content of such key
energetic metabolites as glucose-6-phosphate (G6P), pyruvate (PV), lactate and main macroergic phosphates of ATP and
creatinephosphate (CP) in Cyprinus carpio L. spermatozoa to reveal the most cryosensitive metabolic reactions. It has been established
that all the factors studied cause significant alterations in an energy metabolism of the majority of cells; the methods for fish sperm

cryopreservation used do not provide a complete integrity of internal functional parameters for all the cells.
Key-words: cryopreservation, fish sperm, creatinephosphate, ATP, lactate, pyruvate, glucose-6-phosphate.

MexaHu3MBI, OIPEICIISIONTNE HHATTAAITHIO TBAKE-
HUS, NBUKEHHUE U OCTAHOBKY CIIEPMHUEB, H3YUCHEI
HegoCcTaToOYHO. MIMermnuecs naHHBIe 10 dHEpPTe-
THYECKOMY OOECTICUCHHIO WX JBW)KCHHS YKa3bIBAIOT
Ha aKTUBHOE IMPOTEKAHHME KaK aHa3pOOHOIo, TaK H
a’3po0OHOT0 0OMEHOB, OJTHAKO YETKAsi METa0OIMYeCKas
KapTUHA 3TUX IPOLECCOB OTCYTCTBYET. [IpakTruecku
HE M3YyYEHO BIHSIHUE Pa3IUYHBIX (PU3UUYECKHUX U
XUMHYECKHX (DAaKTOPOB, BOSHHKAIOIIMX B MPOIIECCE
KPUOKOHCEPBUPOBAHUS Ha dHeproobecnedeHue
CIIEPMUEB.

s ysicHeHus BIUSHUS (aKTOPOB KPHOKOHCEP-
BHPOBAHUS HA YHEPTETHUECKIE TTApaMETPHI CIIEPMUEB
casaHa CJIeIyeT YCTaHOBUTh, KAKHEe METa0OINIECKIE
Ty TH WK TUKIIBI IPEBPAIICHS K HAKOTUICHUS YHEPTUH
B BHJIC€ MaKpO3pruueckux (HochaTHBIX COCAMHEHUU
HEOOXOIMMBI JJIS1 aKTUBHOTO JABMKCHUS CIICPMHUCB.

N3BecTHO, 4TO MEpUOA aKTUBHOI'O ABUKCHHUS B
’KU3HU CIIEPMUEB Ca3aHa 3aHUMAET 1-2 MUH. 3a Tako!
KOPOTKHUI NMPOMEXKYTOK BPEMEHHU IHEPTHS, Pacxo-
nyemast AuHeMHOBBIMU AT®azamu, MOXKET yepraThbCst

The mechanisms determining the movement
initiation, spermatozoa movement and stopping have
not been studied sufficiently. The existing data on the
spermatozoa energy providing pointing out to an active
course of both anaerobic and aerobic metabolisms,
however the clear metabolic picture of these
processes is absent. Actually there has not been
investigated the influence of various physical and
chemical factors appearing during cryopreservation on
energy providing for spermatozoa.

To reveal the effect of cryopreservation factors on
the energy parameters of Cyprinus carpio L.
spermatozoa it should be established which metabolic
ways or the cycles of energy transformation and
accumulation as macroergic phosphate compounds are
essential for an active spermatozoa movement.

It is known that the period of active movement in
Cyprinus carpio L. sperm life takes 1-2 min. During
such a short time period the energy spent by dinein
ATP phases can be taken either from the depot of
macroergic phosphates stocked by a cell earlier or it
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b0 M3 Jero Makpodpruyueckux ¢ocdaTos, 3ama-
CEHHBIX KJIETKOW 3apaHee, JIMOO JOJIKEH OBITH
BKJIFOYEH MOILHBIA MEXaHU3M IOy YeHHS SHEPTUH IPH
OKHCJICHUH YIJIEBOJOB HJIH JIUITUAOB U MTPEBPAILCHHS
€€ B DHEPTUI0 MAKPOIPIHUeCKUX (HOoc(aTHBIX CBSI3EH.
Hdns cuepmueB ca3zaHa Hanbojee 3HAYUMBIMHU
HUCTOYHHKAMHU SHEPTHH, BEPOSATHO, SBISIOTCS yTiie-
BOJBI M JIMOHUIBL, 2 MEXaHU3MaMH IpeoOpa3oBaHUs
SHEPTUH — MPOIECCH adpOOHOTO W aHAYPOOHOTO
MeTaboIM3Ma, KOTOPBIE PEaIN3yIOTCS B IIIMKOJIH3E U
[UKJIE TPUKapOOHOBBIX KHCIIOT, & JOKaJIH3YIOTCS B
UTOILIa3ME U MUTOXOHIPUAX.

Matepunanbl 1 metoAbI

B pabore ucnons3osanu criepmy cazana (Cyprinus
carpio L.), mony4yeHHHYIO OT IPOU3BOAUTENCH Uepes
24 4 nocne runou3apHOi HHBEKINH, 00padaThIBaIY,
KPHOKOHCEPBUPOBAJIM, OTTAUBAJIN U ONpPEACISLIN
kauecTBO [6]. KpuokoHcepBupoBanu B cpene [4],
conepxkamieit (MM): NaCl — 59, KCI - 0.68, CaCl2 —
0,68, MgSO, — 2.1, NaHCO, — 27, caxapossl — 3,4,
D-manunT-69, mrytaruona - 0,7, puc-HCl1— 118 (pH
8,1)

J1st GMOXMMHUYECKUX UCCIICIOBAHIH OTIICKEHHYIO
CIepMy JENHIN Ha 2 YacTH: MEePBYI0 aKTUBHPOBAIHU
0,3%-m pactBopoM NaCl u depe3 onpe/aeacHHbIC
NPOMEXYTKH BPEMEHHU allUKBOTY MPHIMBAIU K
paBHoMy 00bemy 10%-i HCIO,, a 3atem ObicTpo
ONyCKaJdu B XUAKHH a30T W MCIOJb30BANIH A
U3Yy4YeHUs] JUHAMHUKHU COJAEpKaHHs METabONHUTOB B
aKTHUBHPOBAHHOHN clepMme; BTOPYIO pa30aBisiin
KpHO3aIIUTHOH cpenoi, nHKyOuposanu 30 MuH Ha
XOJIOJIe ¥ ICTTUIIN Ha 2 YacTH: MEPBYI0 aKTUBUPOBAIIH
0.3%-m pactBopom NaCl, uakyouposanu npu 20°C u
yepe3 OIpeieTIeHHbIE TPOMEXYTKH BPEMEHH OTOMpaH
ATMKBOTY W NPWIMBAIHM K paBHOMY 00beMy 10%-it
HCIO,, n ObICTPO OIMyCKaIM B )KUIKUI a30T; BTOPYIO
3aMOpaXMBajdd MO MpOoTpamMMme IS U3ydeHHS
OIUHAMHUKH COJEpKaHUS MeTabOJHMTOB B aKTH-
BHPOBAHHBIX 3aMOPOKEHHBIX-OTTAsHHBIX CIIEPMHUSX.

[Tocne pazmopakuBaHHUsI aMIyJdbl ¢ XJIOPHO-
KHCJIBIM SKCTPAKTOM LEHTPU(YTHPOBATH 5 MUH MPH
1000 g, cynepHaTaHT CIMBalIM U HEWTpaIU30BAIU
KOH no pH 7,0. Ocanok, conepxxamuit JHK, PHK,
Oenku u Apyrue BemecTsa, pactBopsiid B NaOH s
ompezenenusa 6enka mo merony Jloypu B momudu-
kanuu Mmtepa [ 7]. Helitpanu3oBaHHbIH CyliepHATaHT
MOMeIaiy Ha 15 MHH B JIeAsHYIO 0aHIO, TIOCTIE Yero
uerTpudyruposanu 5 mus ripu 1000 g u ncrons3oBanu
JUISL ompenenieHus coaepxanus 16D, makrara, [1B,
AT u K.

Komuectso I'6D, ATD u KO onpenensum Gpepmen-
TaTUBHBEIM MeToaoM o HakomineHuro HAJIOH B
CHCTEME CONPSHKEHHBIX (DEPMEHTATUBHBIX PEaKkLHil B
OIHOH KIOBETE, MCHONB3Ys TII0K030-6-pocdar-
nerunporenasy (I6®/I'), rexcokunazy (I'K) u
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must be switched on a strong mechanism of getting
the energy during carbohydrates or lipids oxidation and
its transformation into an energy of macroergic
phosphate links.

For Cyprinus carpio L. spermatozoa the most
important energy sources are probably carbohydrates
and lipids, and the mechanisms of energy transformation
are known to be the processes of aerobic and anaerobic
metabolism realized in glycolysis and in a cycle of
tricarbonic acids, and localized in cytoplasm and
mitochondria.

Materials and methods

In the work we have used the Cyprinus carpio L.
sperm procured from males in 24 hours following a
hypophysial injection, it has been treated, cryopreserved,
thawed and the quality was estimated [6]. Cryo-
preservation was performed in the medium [4] comprising
(mM): NaCl - 59, KCI - 0.68, CaCl, — 0.68, MgSO,—
2.1, NaHCO, — 27, sucrose — 3.4, D-mannitol — 69,
glutathione — 0.7, tris-HC1 — 118 (pH 8.1).

For the biochemical studies the filtered sperm was
divided in two parts: the first one was activated by
0.3% NaCl solution and in certain periods of time the
aliquot was added to an equal volume of 10% HCIO,,
then quickly immerged into liquid nitrogen and used in
order to study the dynamics of metabolites’ content in
the sperm activated; the second part was diluted by a
cryoprotective medium, incubated at cold within 30 min
and divided in two parts: the first one was activated by
0.3% NaCl solution, incubated under 20°C and in
certain time periods the aliquot was removed and added
to an equal volume of 10% HCIO,, immerged quickly
into liquid nitrogen according to the program for
studying the dynamics of metabolite content in the
activated frozen-thawed spermatozoa.

Following freezing the ampoules with HCIO,
extract were for 5 min centrifuged under 1000g,
supernatant was poured out and neutralized KOH to
pH 7.0. Supernatant comprising DNA, RNA, protein
and other substances was dissolved in NaOH to
determine the protein using Lawry method in Miller’s
modification [7]. The supernatant neutralized was
placed in an ice bath for 15 min, centrifuged then
for 5 min at 1000g and used to determine the G6H ,
lactate, PV, ATP and CP contents.

The amount of G6P, ATP and CP was evaluated
by enzymic method on NADPH accumulation in the
system of conjugated enzymic reactions using in one
cuvette glucose-6-phosphate dehydrogenase
(G6PDH, hexokinase (HK) and creatine phosphokinase
adding consequently the following enzymes:
GO6PDH 25 units/ml, HK 5 units/ml + glucose 4 mM,
ADP 0.5 mM and CFK 5 units/ml. NADPH was
determined in the medium comprising tris-HCI
100mM, pH 7.4, EDTA 1mM, Mg (CH,COO),2 mM
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kpeatuHpocokunazy (KPK) u nmocnemoBarensHo
nobasstst cinenyromie Gepmertsr: [ODAL 25 en/mi,
I'K 5 en/ma + mmroko3sl 4 MM, AJI® 0,5 MM 1 KOK
5 en/mi. Onpenenenne HA JI®OH nposoamiu B cpene,
coaeprkanied Tpuc-HCI 100 MM, pH 7.4, O[ITA 1 MM,
Mg(CH,COO), 2 MM u HAJI® 4 MM [1]. Yposenn
coxepxxanust HAJI®H perucrpupoBanu ¢ayopu-
MeTpudecku. Peaknuio HaunHanM no0aBIeHUEM
skcTpakTa. KomuuecTBo MeTabonMuTOB BBIpa)Kaidl B
HMOJIIB/MT OellKa.

CopnepxaHue JaKTaTa Onpeaeisid pepMeH-
TaTUBHBIM MeToJ0M o HakomineHuro HAJIH B
CHCTEME COMPSIKEHHBIX (PEPMEHTATUBHBIX PEaKini,
HUCTONB3ys naktataeruaporenaszy (JIAI). Ompe-
JIEJIEHNE MPOBOJWIN B CPEZi€ CIENYIOIIETO COCTaBa:
ruapazul 0,4 M, rmunus 1 M, pH 9,5, OITA 1 MM,
HAZ 30 mM, JIAT 22 en/mn u M 20 eq/mn [1].
VYposens HAJIH peructpupoBanu ¢gpayopumerpu-
yeckH. Peakunio HaunHanu 1o0aBieHHEM SKCTPAKTA.

Conepxanue 11B ompenensnu ¢pepMeHTaTHBHBIM
meTonom 1o yoeutn HAJIH B cpene crnenyrormiero
cocrapa: Tpuc-HCI 100 MM, pH 7,4, MgC1, 10 MM,
OATA 1 MM, HAJIH 0,25 MM u JIJT" 22 en/mo [1].
VYposenbr HAJIH peructpupoBanu ¢uyopumer-
puuecku. Peaknnio HadyrHAMH JOOABICHUEM dKCTPaK-
Ta.

CraTuctHudyeckyr 00pabOTKy MHOJYyUYeHHBIX
pe3ynbraroB npoBogwiIn MetonoMm Pumepa-Crbro-
nenta [2]. B pabote ncnonb3oBanu peakTUBbI GUPMBI
“Sigma” CLLIA.

Pe3yAbTaTbl M 00CyXXA€HHe

W3 npoBeeHHBIX 3KCIIEPUMEHTOB BUAHO, YTO Ha
MeTa0oNIn3M aKTHBHPOBAHHBIX CIIEPMHUEB CYIIECT-
BEHHOE BIIMSHHIE OKa3bIBaIOT 30-MUHYTHAS MHKYOarms
CBEXHX CIepMHEB B xomoaunbHuke mpu 4°C,
nmocienyromas 30-MuHYyTHAas dKBUIHOpaAnus ¢
KpHO3ALUTHOHN CpeA0H U 3aMOPAKUBAHUE-OTTaUBAHHE
10 IPOTpamMMe, T.€. BCE TEXHOJIOTHUECKHE OTIepaIliH,
MIPOBOJMMBIE CO CIIEPMOH MPHU €€ 3aMOPAKUBAHHUH.

Junamuka conepxanus ['6d B akTHBUPOBAHHBIX
CIIEpMUAX, SBISIOMErocs nepBeiM Gochopuin-
pPOBaHHBIM HMHTEPMEAUATOM, HAXOISIUUMCS Ha
MEPEKPECTKE JIBYX META00IMYECKUX Iy Tel (ITIMKOIM3a
1 NeHT030(oCc(haTHOTO MUKIA), IPEACTABICHA Ha
puc.1.

[TonroToBka K KPHOKOHCEPBUPOBAHUIO U 3aMOpa-
KUBaHWE-OTTaUBaHUE CIEPMHUEB HE H3MEHSAIOT
HCXOMHOTO conepxaHus ['6@ mo cpaBHEHHIO C
koHTpoJeM (4,1- 4,6 HMonb/Mr Oeika). AKTUBAIUS
HaTUBHBIX CIIEPMHUEB MPUBOANT K POCTY Ooiee 4eM B
3 pasa ypoBHs ['6®D k 15-i1 cexyHie U B nanbHeeM
K JIOCTOBEpHOMY ero maaeHuto K 40-i1 cexyHue ¢
MOCIICAYIOIIUM POCTOM J10 12 HMoJb/MT Oenkak 90- i
CEKYH/JIE aKTUBHOM KU3HU CIIEPMUEB.

OKBUIMOpALHS CIIEPMHUEB C KPUO3AILUTHON Cpeoit
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and NADP 4 mM [1]. The level of NADP content
was recorded fluorimetrically. The reaction was started
by adding the extract. Metabolites’ number was
manifested in nmol/mg of protein.

Lactate content was determined by enzymic method
on NADH accumulation in the system of conjugated
enzymic reactions using lactate dehydrogenase (LDH).
The determination was performed in the medium of
the following composition: hydrasine 0.4 M, glycine 1 M,
pH9.5, EDTA 1 uM, NAD 30 uM, LDH 22 units/ml and
MDH 20 units/ml [1]. NADH level was recorded
fluorimetrically. The reaction was started by adding
the extract.

Pyruvate content was determined using enzymic
method on NADN reduction in the medium of the
following composition: tris-HCl 100 mM, pH 7.4,
MgCl, 10 uM, EDTA 1 uM, NADH 0.25 uM and
LDH 22 units/ml [1]. NADH level was recorded
fluorimetrically. The reaction was started by adding
the extract.

Statistical processing of the results obtained was
accomplished by Fisher-Student’s method [2]. The
reagents of “SIGMA” (USA) were used in the work.

Results and discussion

The experiments performed have demonstrated that
the activated spermatozoa metabolism is significantly
affected by 30 min incubation of fresh spermatozoa
stored in freezer under 4°C, the further 30-min
equilibration with cryoprotective medium and freeze-
thawing according to the program, i.e. all the
technological operations performed with the sperm
when its freezing.

Dynamics of G6P content in spermatozoa activated,
which is the first phosphorylated intermediate being at
the crossroad of two metabolic ways (glycolysis and
pentosophosphate cycle) is presented in Fig. 1.

Preparing to cryopreservation and freeze-thawing
of spermatozoa do not change the primary G6P content
comparing to the control (4.1-4.6 nmol/mg of protein).
Native spermatozoa activation results in a more than
thrice growth of the G6P level by the 15" second and
in the following rise up to 12 nmol/mg of protein by the
90" second of an active spermatozoa life.

Spermatozoa equilibration with the cryoprotective
medium increases the G6P level by more than 5 times
by 15 s after starting the movement, this level did not
change by the 40™ s and by the 90" s decreased down
to its level in the control.

Activation of the spermatozoa subjected to freeze-
thawing results in a gradual G6P increase and reaches
the maximum (32.6 nmol/mg of protein) by the 40™ s
of incubation. By the 90" s of spermatozoa movement
the G6P level falls down to 8.9 nmol/mg of protein.

Pyruvate amount in the activated native sper-
matozoa (Fig. 2) is at the level of 9.4 nmol/mg of
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0 15 40 90
Bpewms, ¢ Time, s
Puc. 1. Coneprxanune I'6® B qBUTaronmxcs criepMaTo30u1ax
casaHa JIo 1 1ocjie KpHOKOHCEPBUPOBAHMS: 1 — KOHTPOIIB; 2 —
SKBWIMOpanus; 3 — OTTauBaHME.

Fig. 1. GOP content in Cyprinus carpio L. moving sperma-
tozoa prior to and following the cryopreservation: 1 — cont-
rol; 2 — equilibration; 3 — thawing.

MOBEITIIaeT Oojiee 4eM B 5 pa3 ypoBeHb 1 6D depes
15 c nocne Havana JBUXKEHUSI, KOTOPBIN HE U3MEHSICS
K 40-i1, a k 90-11 cexyH/Ie MOHMKAJICS 10 €TO yPOBHS B
KOHTpOJIE.

AKTHUBanus CIiepMUEB, MOABEPTHYTHIX 3aMopa-
KUBAHUIO-OTTAMBAHUIO, IPUBOAUT K TIOCTETIEHHOMY
noBeiieHuto '6d u pocruraer makcumyma (32,6
HMOJb/MT 0enka) k 40-i cexynne unkyOaunu. K 90-i
CEKyHJI€ BUXEHHs criepMueB ypoBeHb ['6® noHu-
Jkaercs 1o 8,9 HMOJIs/MIr OeKa.

KonnuectBo IIB B akTUBHPOBAaHHBIX HATUBHBIX
criepMusiX (prc.2) HaXoAUTCs Ha YpoBHE 9,4 HMOB/MT
OeJKa, TIOUTH He M3MEHsIeTCS K 15-1 CeKyH/Ie TBIKEHUS,
JIOCTOBEPHO Bo3pacTaeT K 40-if CeKyHIe U coxpa-
HSIETCSI TIOYTH Ha TOM K€ YPOBHE JI0 KOHIIAa MHKYOarmu
CIIEPMAaTO30HUI0B.

[IpenBapurenpHas >KBHINOpAIUA CIIEPMHEB C
KpHO3aILIUTHON CPeION ITOBBIIIAET UCXOAHBIA YPOBEHD
I1B B 2 pasa (20,9 amons/Mr Genka). [locnenyromas
AKTUBAIIHS STUX CIIEPMHUEB BHI3BIBACT YBEIIMUCHHE €TI0
YPOBHS, KOTOPBIN uepe3 15 ¢ mocTuraeT MakcumMyMa
(49,0 aMonb/Mr OemKa), HOHMXKAsACh K KOHILY MHKY-
Oaruu 10 12,9 HMOIB/MI OeKa.

AKTUBAIVSI 3aMOPOKEHHBIX-OTTASTHHBIX CIIEPMHUEB
He u3MeHseT ypoBHs [IB B nmepBble BpeMEHHBIE
WHTEPBaJbI, UCCIICIOBAHHBIC HAMH, M TOJIHKO K 90-i
CEKYHJe MHKYyOaluu CIepMHEB €ro KOJHUYECTBO
JIOCTOBEPHO NOHMXkKaeTcs 10 7,0 HMOJIb/MI Oelika.

CopnepxaHue JlakTaTa B HaTUBHBIX CIIEPMHUIX
casana (puc.3) cocrasiser 65,6 HMOJb/MI OejKa, a
MOCJIE MX aKTHBAIIUH B Pe3yJbTare padOThI TNIMKOINTH-
YEeCKOTo ITyTH, €T0 YPOBEHb yiKe uepe3 15 ¢ qocturaer
Makcumyma (286,5 HMOIb/Mr OeiKka), MOCTeIeHHO
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Puc. 2. Coneprxanue [1B B nBurarommxcs cepMaTo3onax

casaHa JI0 1 Iocyie KPUOKOHCEPBUPOBAHUS: | — KOHTpOIB; 2 —

SKBHIMOpanust; 3 — OTTanBaHME.

Fig. 2. PV content in moving spermatozoa of Cyprinus
carpio L. prior to and following the cryopreservation: 1 —
control; 2 — equilibration; 3 — thawing.

protein, it does not change practically by the 15" s of
movement, significantly increases by the 40" s and
remains at about the same level up to the end of
spermatozoa incubation.

Preliminary spermatozoa equilibration with the
cryoprotective medium increases twice the initial PV
level (20.9 nmol/mg of protein). Further activation of
these spermatozoa caused the increase of its level,
that reaches its maximum by 15 s (49.0 nmol/mg of
protein), by the end of the incubation decreasing down to
12.9 nmol/mg of protein.

Activation of frozen-thawed spermatozoa does not
change the PV level at first time intervals studied by
us, and only by the 90" s of spermatozoa incubation its
amount significantly falls down to 7.0 nmol/mg of
protein.

Lactate content in native Cyprinus carpio L.
spermatozoa (Fig.3) makes 65.6 nmol/mg of protein,
but following the activation of those as a result of the
work of glycolytic way its level reaches the maximum
even by 15 s (286.5 nmol/mg of protein) decreasing
gradually by the end of incubation. Spermatozoa
equilibration with the cryoprotective medium causes
a two fold rise of lactate content. While moving of
spermatozoa its accumulation occurs with the
maximum by the 40" s and further decrease down to
its initial level.

Lactate amount in sperm thawed has remained at
practically the same level (about 140 nmol/mg of
protein) within all the time intervals studied.

As Fig. 4 shows, following the activation of native
Cyprinus carpio L. spermatozoa the ATP level by
the 15" s increased more than twice (51.7 nmol/mg of
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Fig. 3. Lactate content in moving spermatozoa of Cyprinus
carpio L. prior to and following the cryopreservation: 1 —
control; 2 — equilibration; 3 — thawing.

CHIYKAsICh K OKOHYaHUIO MHKYOALMH. DKBUIHOPALHS
CIIEpMHUEB C KPUO3AIIUTHON Cpefoi MPUBOAUT K
MOBBIILICHUIO COAEPKAHMS JNakTaTta B 2 pasza. B
MpoLecce IBUKEHHS 3TUX CIIEPMHUEB TPOUCXOIUT ETO
HAKOTJIEHHE C MakCUMyMoM K 40-if cexyHIe u
MTOHIDKEHUEM JI0 Ha9aJIbHOTO YPOBHS B JalIbHEHIIIEM.
KomndecTBo makrara B OTTasHHOW CHiepMe HAXOIH-
JIOCH MOYTH Ha OAHOM ypoBHE (0k0j10 140 HMOJIB/MT
Oerka) Bo BCe M3yUeHHbIE HAMH BPEMEHHbIE MHTEPBAJIBL.
W3 puc.4 BugHO, 9TO MOCTIE aKTUBAIIUHA HATUBHBIX
criepMueB cazaHa K 15-i cexkynnae ypoBeHb AT®
yBenuuuBaeTcs Ooliee yeM B 2 pasa (51,7 HMob/Mr
Oenka). JlanpHeimas MHKyOauus criepMaToO30MA0B
NPUBOAUT K yMEHbIIEeHUIO0 KonndecTBa ATD u x 90-it
CeKyHJe ee ypoBeHb cHmkaercs (11,7 HMoNb/MT
Oenka), 4TO B 2 pasza HIXKE MCXOAHOTO 3HAYEHHS.
TpuanaruMuHyTHas SKBHIIMOpaLus CIepMaTo301/I0B
B KpHO3AILUTHON CPEIE OBBIIIAET UCXOIHBIM YPOBEHD
AT® B criepme Ha 50% 1 gepe3 15 ¢ mocie akTHBAIHH €10
KOJIMYECTBO JIOCTHIraeT MakcumyMa (42,4 HMOJIL/Mr OeJika).
K 40-i1 cexyH1e akTHBHOTO IBYDKCHHS KOJTmaecTBO ATD
B 3THX cIiepMaro3oumax yMeHsiaercst Ha 50% u k 90-i
CEKYH/IC IOCTHIaeT 3HadeHust 16,9 HMOJB/MI Oelika.
3aMopaxXuBaHUE-OTTaNBaHUE CIIEPMATO30UI0B
MOHMKAET MOCIEIKBUINOpaunoHHbIi ypoBeHb ATO B
2 paza, mpubaMXKasck K KOHTposo. JanbpHeimas
nuHamuka ypoBHs AT® ananornyHa npeaslayiei, Ho
c Oosiee HU3KMMH 3HAUCHHUSIMU M C MEHEE BBIpa-
YKCHHBIM TOBBILICHHEM depe3 15 ¢ uHKyOauuu.
Hunamuka conepxanus K@ B HaTUBHOU criepme
(puc.5) mocne akTHWBAaIMU MOKa3ajia, 4TO pa3sHUIA
MEXIy UCXOAHBIM coaepxanuemM K® u Habmio-
JIaeMbIM depes 15 ¢ IBIKEeHHs CiepMUEB COCTaBIIsLIa
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Fig. 4. ATP content in moving spermatozoa of Cyprinus
carpio L. prior to and following the cryopreservation: 1 —
control; 2 — equilibration; 3 — thawing.

protein). Further spermatozoa incubation results in the
decrease of ATP amount and its level decreases by
the 90" s (11.7 nmol/mg of protein) that is twice lower
than the initial value. A 30 min spermatozoa equilibration
in the cryoprotective medium increases the initial ATP
level in sperm by 50% and in 15 s following the activation
its amount reaches the maximum (42.4 nmol/mg of
protein). By the 40" s of active movement the ATP
amount in these spermatozoa decreases by 50% and
reaches the value of 16.9 nmol/mg of protein by the
90" s.

The spermatozoa freeze-thawing decreases twice
the ATP post-equilibration level approaching to the
control. Further dynamics of the ATP level is analogous
to the previous one but with lower values and less
manifested rise in 15 s of the incubation.

The CP content dynamics in native sperm (Fig. 5)
following the activation has shown that the difference
between the initial CP content and the one observed
by 15 s of spermatozoa movement made 1400% that
testifies to the inclusion of strong mechanisms of
energy accumulation like as CP essential for the
spermatozoa movement. By 40 s of the movement start
the CP amount decreased down to the initial level and
did not change in later.

A 30-min spermatozoa equilibration with a
cryoprotective medium increases by 30% the CP
amount in sperm, and by 1 s following the activation
its content rises by 500% and remains at this level for
40 s and by the 90" s of active movement the CP
amount in these spermatozoa decreases down to the
initial level.

Freeze-thawing of spermatozoa reduces twice the
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1400%, 9TO CBUACTEIHLCTBYET O BKIFOUCHIH MOIITHBIX
MEXaHU3MOB HAaKOIUJIEHUS 3HEpTUHU B Bujae KO,
HEOOXOIMMO JTS IBMYKEHUS CIIepMaTo30110B. Uepes
40 ¢ mocie Hadana ABHXKCHHUS KoludecTBOo KD
CHUXAJIOCh JO UCXOAHOT'O YPOBHS U HE U3MEHSIIOCH B
JaJbHEUIIIEM.

TpunumatuMuHyTHas 3KBUIHOpamuUs cliepMma-
TO30UJI0B B KPUO3AaUIUTHOH cpele MOBHIIIAET
rxonuuecTBo KO B ciepme Ha 30%, a uepe3 1 ¢ mocine
aKTHBAITUH €T0 cojeprkanue nopsimaetcs Ha 500% u
MIPOJOIKAET OCTaBaThCs HAa TOM ke ypoBHeE 40 ¢ U K
90-i1 cexyHIe aKTUBHOTO JIBIDKCHHSI B OTUX CIIEpMa-
To3ouax konndecTBo K@ cHmKaeTcs 10 NCXOTHOTO
YpOBHSL.

3aMopakuBaHUE-OTTaUBaHUE CIIEPMATO30UI0OB
MMOHU)KAaeT UCXONHBIN ypoBeHb K® B 2 pa3a mo
CPaBHEHHIO C NPEAbIAYyIIUM BapHAHTOM OTIBITA.
AKTHUBAIUS CIIEPMATO30MI0B MOBBIIIAET COACPIKAHUE
K® ko 2-ii cexynae npuxxeHus u yxe K 40-i cekynae
€ro KOJIMYECTBO CHUXKAETCS 10 HYJS.

[TomyueHHBIC HAMY PE3YITBTATHI IOKA3BIBAIOT, YTO
B MEPBBIE CEKYHABI TMOCIE aKTUBAIIUU CIIEPMHUCB
BKJTIOYAETCS TIIMKOIUTUYECKUN MyTh OOMeHa yryie-
BOJIOB, OCHOBHBIM HCXOJHBIM CyOCTaTOM KOTOPOTO
SIBJISICTCST TIIIOKO32, O YeM CBHJICTEILCTBYET HAKOII-
nerue ['6@ u makrara. Uepes 15 ¢ mocie akTuBaum
HAaTUBHBIX CIIEPMHEB MOBBIIIACTCS YPOBEHD JIAKTATA
10 200 aMois/Mr OesKa, Ipu 00pa30BaHUH KOTOPOTO
B TJIMKOJIU3€ JOJDKHO OBITH Mpom3BeneHo okoio 200
HMOJIb/MT 0enka AT®, HO MBI HAOTIOIATN HAKOIUIEHUE
ToNbKo 30 HMos/Mr Oenka AT® u okono 100 HMoNE/ME
oenka KO. CnenosarenbHO, OCTajbHAS YacTh MPOU3-
BEJICHHON »HEPruu, 3amacaeMod B BHAE MaKpo-
sprudeckux (ochaTHbIX CBA3EH, ObLIa N3pacXoI0BaHa
Ha JBWXCHUE CIIEPMATO30MJIOB M HAa JIPyTHE MeTa-
00JMYeCcKHe MPOLIECCHI.

B naTtuBHOU crepme, Kak yxe OBIJIO CKa3zaHO, K
15-# cexynae mpoucxoaut HakoruieHue [ 6®, nakrara,
K® u AT, a k 40-i1 cekyHe — OBICTPOE YMEHBIIICHUE
KOJHMYECTBA 3TUX MHTEPMEIUATOB OO yPOBHS
KOHTPOJIS, 4TO, OE3yCIOBHO, CBS3aHO C 3arparoi
SHEPI'UH 3TUX BEIIECTB HA JBUKEHUE CIIEPMUEB.

[Tocne wHKYyOAUWU CHEPMBI ¢ KPUO3AIMUTHON
cpenodl IUHaMUKa COJEepKaHUS MeTabOoJIUTOB
meHsieTcs. [loBhilIaeTcss UCXONHBIM YPOBEHb BCEX
W3MEpEeHHBIX MeTabonuToB, kpome ['6D. YBenu-
YUBACTCS KOTUYIECTBO MaKpodprudeckux ¢ocdaron
(AT® u K®D), T.e. mporcXomuT Kak Obl “mog3apsaka’
SHEPreTHUYECKON CHCTEMBI CIIEPMHUEB JIMOO BCIIC-
CTBHE HAPYIICHUS TIPOIECCa PACXOIOBAHUS SHEPTHH
Ha BHYTPEHHHE METa0OJIMIECKHe HYXIbl CTICPMHCB
13-32 HHTUOHUPYIOIIET0 ISHCTBUSI KPHOIIPOTEKTOPOB Ha
(hepMeHTHBIE CUCTEMBI, JTH0O0 B pe3ysbTare J00aBKH
BMECTE CO CPEJI0i SK30T€HHBIX CyOCTPaTOB, UCIIONb-
3yEeMBIX Ha JHEPTeTUYECKHE HYKIBI, TIN0O0 APYTHX
NpUYUH. AKTHUBAIUs CliepMUeB, 00pabOTaHHBIX
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Fig. 5. CP content in moving spermatozoa of Cyprinus
carpio L. prior to and following the cryopreservation: 1 —
control; 2 — equilibration; 3 — thawing.

initial CP level comparing to the previous variant of
the experiment. Spermatozoa activation increases the
CP content by the 2™ s of movement and by the 40" s
its amount falls even down to zero.

The results obtained testify that within first seconds
following the spermatozoa activation the glycolytic way
of carbohydrates metabolism, the basic primary
substrate of which is glucose, is switched on, that
approved by G6P and lactate accumulation.

In 15 s following the native spermatozoa activation
the lactate level rises up to 200 nmol/mg of protein,
during the production of which in glycolysis produced
should be 200 nmol/mg of protein of ATP, but we
observed the accumulation of only 30 nmol/mg of ATP
protein and about 100 nmol/mg of CP protein.

Consequently the rest of the energy produced
which is stocked as macroergic phosphate links was
spent to spermatozoa movement and other metabolic
processes.

As it was shown in native sperm the accumulation
of G6P, lactate, CP and ATP occurred by the 15% s,
and by the 40™ s a rapid reduction of these
intermediates’ number down to the control level
happened, that was undoubtfully related to the energy
expenditures of these substances for the spermatozoa
movement.

Following the sperm incubation with a cryo-
protective medium the dynamics of the metabolites
content changes. The initial level of all the metabolites
measured but G6P, increases. Also rises the number
of macroergic phosphates (ATP and CP), i.e. occurs
so-called “charging” of the spermatozoa energetic
system either as a result of the failure of the process
of energy expenditure for inner metabolic spermatozoa
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KPHUO3aIUTHOM CpeJI0il, MPUBOIMIIA K TOBBIIIEHUIO
KOJIMYECTBA BCEX METAOONHMTOB yXkKe K 15-i cexyHe
IBH>KEeHUS, a ypoBeHb ['6D u KO He uszMeHsics k
40-#1 cexyHAe, a JakTaTa Jake BoO3pacTaJ.
Bo3Mo0HO, HCIONB30BaHUE 3TUX MHTEPMEINATOB
3aMeIIISIeTCs ATWICHIIMKONEM [5] 1 Tosbko mocie 40 ¢
HMHKYOAIM1 MX KOJIMYECTBO HOHMKAETCS IO HCXOAHOTO
YPOBHSI.

OmuceiBas 0OMEH TITIOKO3bI, GPYKTO3bI, arerara,
JIaKTaTa ¥ IpyBara B criepMe )uBOTHBIX, Murdoch R.N.
u White J.G. [8, 9] ormeuaroT, uTo n100aBlIeHHEM B
cpeay MHKyOallMW CIEPMAaTO30M0B MHTMOUTOPOB
nukiaa Kpebca, okucnurenbHoro hochopuirnpoBaHus
Y TJINKOJIN3a YJAeTCAd YCTAaHOBHUTH BKJIAJ TIIMKOJH-
TUYECKOTO PACLIETUIEHUS INIOKO3bl B aKKYMYJISLUIO
sHepruu B Buae AT®. Onu nokazanu, 4To AJis ClIepMbI
ObIKa, KpOJINKa, COOaKM M KPBICHI OCHOBHAs 4acTb
SHEPIUH, MoTyyaeMas KJIETKOH B ITPOLECCE IBHKEHMS,
MIPOU3BOIUTCS B NIMKOIUTHUYECKOM Iy TH. [1o taHHBIM
[9], B cnepme kponrka 72% III0KO3bI IpEeBpaIiaeTcs
B J1aKTat, 6% nonHoctero okucnsercs B CO, u H O n
22%, BeposATHO, B Apyrue mMerabonuTsl 6e3 odpa-
30BaHusl AT®. B ogHOYHOM OMBITE B aHA3POOHBIX
ycioBusix 81% TIIIOKO3bI MpeBpamaeTcs B JaKTaT u
19% merabonu3upyercs B APYTrUX pEaklusix, B TO
BpeMs Kak B a’dpoOHBIX ycinoBusx 70% TITIOKO3bI
npeBpanaercs B jakrar, 7% okucisaercs 1o CO, u
19% meTaboau3upyeTcs B IPyTUX peakusax. DTH ke
aBTOPHI COOOIIAOT, YTO a3POOHBIH INIMKOJIN3 CBEXKUX
CIIEpPMaTO30MI0B C INIFOKO30M, MEUEHO! B MOJOXKEHUN
'C u °C, naer ornomenue 'C u °C B CO,, bnuskoe K
€IMHHIIE, 3TO MOKAa3bIBAET, YTO MEHTO30(ochaTHbIHI
MyTh OKHUCIICHHS TJIFOKO3bl BHOCUT Malblil BKIaJa B
MOTPeOICHIE TITFOKO3BI CTIEPMISIMH B 3THX yCIOBHSIX.
ABTOpBI pacCYUTANIN, YTO B MHUTOXOHJIPHSIX IPOHC-
xomuT obpazoBanue 63% ATD npu Ioje MITIOKO3HI,
npeBpariaemMoii B 1aktat 90% oOT Bcel OKHCIEHHOMN
[IOKO3bl. B criepme Obika 1o naHHBIM [8], 66%
TTFOKO3BI TIpeBparaercsi B JakrTar, 16% IMOIHOCTHIO
okucnsercs 10 CO, n 18% B Apyrux peakuusax 0Oes
oOpaszoBanus AT® (i STUAMIUMATBHBIX CIIepMa-
T030H10B ObIka — 63, 18 1 19% COOTBETCTBEHHO).
CrnepMun ObIKa UMEIOT HECKOJIBKO OOJNBIINHA BBIXOA
AT® ot MuUTOXOHIpHaNBHOrO OKucieHus 82 u 18%
AT® wu3 karabonuszma o nakrara. KomudecTBo
[JIFOKO3BI, IPEeBpamaeMond a’poOHO B JIAKTaT, paB-
HsaeTcst 77% OT TaKoBOTO TpH aHa3pobro3e. A3pobHoe
oOpa3oBaHHE JlaKTaTa OTMEYECHO Takxke s QpyK-
TOJNH3a B CIEpMe XpsKa, OapaHa W udeioBeka. J{ms
CIIEpMHUEB YeJIOBEKa B OKCIIEPUMEHTE OBLIO TOITYIEHO
OoJIbllle JaKTaTa, YeM MOTIIO OBl OBITh PAaCCUMTAHO,
UCXOAS U3 yTUIHM3aLUuH Dtoko3sl. Ha ciepme dopenn
YCTaHOBJIEHO, YTO MHKYOalus B aHa9POOHBIX YCIOBHAX
MIPUBOANT K HAKOIUICHUIO JIAKTaTa, HO 3HAYUTEIHHO
MEHBIIIE, YeM B CIIEPME MIICKOTIHTAFOIIUX.

dochonunuasl, KOTOPHIE UCTIONB3YIOTCS B 3HAYH-
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needs, because of the cryoprotectant inhibiting effect
on the enzyme systems, or due to adding together with
the medium the exogenous substrates used for the
energetic needs, or because of other reasons.
Activation of the spermatozoa, treated by a
cryoprotective medium resulted in a rise of the amount
of all metabolites even by the 15" s of movement, and
the levels of G6P, lactate and CP did not change by
the 40™ s and even increased (for lactate). The use of
these intermediates is probably delayed by ethylene
glycol [5] and only after the 40™ s of the incubation
the number of those decreases down to the initial level.
Describing the glucose, fructose, acetate, lactate
and pyruvate metabolism in an animal sperm,
Murdoch R.N. and White J.G. [8,9] have noted that
by adding into an incubation medium of spermatozoa
of the inhibitors of Krebs cycle, of oxidative
phosphorylation and glycolysis they succeeded in
revealing the contribution of the glucose glycolytic
splitting in an energy accumulation as ATP. The authors
demonstrated that for a bovine, rabbit, dog and rat
sperm the major part of energy received by a cell during
movement, is produced in a glycolytic way. According
to the data [9] 72% of glucose in a rabbit’s sperm
transforms into lactate, 6% is completely oxidized in
CO, and H,O and 22%, are obviously transformed
into other metabolites without the ATP formation. In a
single experiment under anaerobic conditions 81% of
glucose transforms into lactate and 19% metabolizes
during other reactions, while under aerobic conditions
70% of glucose is transformed in lactate, 7% is oxidized
to CO, and 19% are metabolized during other reactions.
These authors report that aerobic glycolysis of fresh
spermatozoa with glucose labeled in the 'C and °C
position, gives the ratio of 'C and °C into CO, close to
1, that testifies that pentose phosphate way of glucose
oxidation slightly contributes to the glucose consumption
by spermatozoa under these conditions. The authors
calculated that in mitochondria the formation of 63%
ATP occurs at 90% share of glucose being transformed
into lactate of the whole glucose oxidized. In a bovine
sperm according to the data [8] 66% of glucose
transforms into lactate, 16% is oxidized completely to
CO, and 18% is transformed during an other reaction
with no ATP production (for epididymal bovine
spermatozoa the numbers made 63, 18 and 19%).
Bovine spermatozoa have a higher ATP yield from
mitochondrial oxidation 82 and 18% ATP from
catabolism to lactate. The amount of aerobically
transformed into lactate glucose is 77% of that at
anaerobiosis. Aerobic lactate formation is also noted
for fructolysis in boar, ram and human sperm. For
human spermatozoa in an experiment there was
obtained a higher amount of lactate we could calculated
proceeding from the glucose utilization. Using a trout
sperm it was established that the incubation under
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TEJNbHBIX KOJMYECTBAX, BO3MOXKHO, SIBIAAIOTCS
BaKHBIM 3HEPTETUYECKHM CYOCTPaTOM B CIEPMHSIX
pei6 [3, 10]. Huskuif ypoBeHb ITIMKOIUTHUYECKUX
cyOcTpaToB B criepMe phIO 110 CPAaBHEHHIO CO CIIEPMOi
MJICKOTTUTAIOIINX MOXET OOBSICHATHCS TEM, UYTO
CHEpPMAaTO30MAbl PBIO, HAXOASAIIHMECS B MOJOKax B
HEMOJBWKHOM COCTOSIHUH, TIOCJIE€ aKTUBALMK JBUTA-
10TCs (BO BHEIIHEH CpeAe B CHILHO pa30aBICHHOM
COCTOSTHUH ) CEKYH/IBI M B PEAKUX CITydasx MUHYTEHI, a
CIIEpPMaTO30U bl MIIEKOITUTAIOIINX 1 OCOOSHHO IITHI —
Yackl U Ja)Ke CYTKH, HAXOAACh B CEMEHHOW JKHIIKOCTH
ISIKYJIATA.

BbiBOADI

O6HnapyxeHHOe 3HaunTeNnbpHOe Hakomienne KO Ha
CTaJlMM aKTUBALMU CIIEpMATO30UJOB Ca3aHa BMECTE
C U3BECTHBIMH JaHHBIMU 00 OTHOCHUTENBHO HEOOJb-
IIOM BPEMEHHU JBUTaTEIbHONW aKTUBHOCTU CBHJIE-
TEJICTBYET O TOM, YTO HEPreTUIECKH 0OMEH 3THX
KJIETOK OPraHM30BaH TaK, YTOOBI, UCIOJIB3YS BCE
BO3MOXXHOCTH INIMKOJM3a U MUTOXOHAPHUAIBHOIO
OKHCIICHHUS, CO37aTh B KpaTyaiiiee Bpems OOJIbIIoi
I1yJ1 MAKPOAPTHYECKUX COEANHEHHUI. AIPECHOE SHEPIO-
CHa0XeHWEe MMEHHO JBUTAaTEIbHOW aKTUBHOCTH
JIOCTUTaeTCsl KPEaTUHKUHA3HON CHCTEMOM, JIOKAJIU-
30BaHHOM B MHUTOXOHJAPHSAX M B XBOCTOBOH 4acTH
CIIEpMHEB, MOJO00HO MHUOKapAMOLHUTAM MJIEKO-
MUTAIOLIHX.

CnepmaTo30uabl, BEPOSTHO, NPHUHAIEKAT K
TaKOMY THITy KJIETOK, B KOTOPBIX INIMKOJIN3 OpraHU30BaH
TaK, 4TOOBI 1aBaTh MAaKCUMAaJIbHBIN OTOK YHEPTUH,
a He MAaKCUMAaJIbHYIO 3 (EKTUBHOCTb.
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anaerobic conditions resulted in lactate accumulation,
but the extent was sighificantly lower if compared to
mammal sperm.

Phospholipids used in large amounts are known to
be an important energetic substrate in fish spermatozoa
[3, 10]. Low level of glycolytic substrates in a fish
sperm comparing to the one of mammals may be
explained by the fact that fish spermatozoa, being in
milt in an immobile state, move during the seconds
after following the activation (in an external medium
in a diluted state), rarely during the minutes, and
mammal spermatozoa, especially of birds are move
for hours and even days, being in a semen liquid of
ejaculate.

Conclusions

Revealed significant CP accumulation at the stage
of spermatozoa activation in Cyprinus carpio L.
together with the existing data on a relatively slight
moving activity testifies to the fact that the energy
metabolism of these cells is organized to create in the
shortest time a large pool of macroergic compounds
using all the possibilities of glycolysis and mitochondrial
oxidation.

Direct energy supply namely of a moving activity
is achieved by a creatin-kinase system localized in
mitochondria and in a tale part of spermatozoa, the
same as for myocardiocytes in mammals.

Spermatozoa are thought to belong to such a cell
type where glycolysis is organized to provide the
maximum energy flow, but not the maximum efficacy.
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