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VccnenoBaHo BIMsHHUE Ia30TPAHCIOPTHOTO KpoBe3aMenuTes “Ilepdropan” Ha comepikaHre MOJIOYHOM KUCIOTHI U ITOJBHKHOCTD
CHEepMHUEB B YCIOBHSX rHIoTepMuueckoro xpanenus npu 4°C. [lokasaHo, uro no6asnenue nepdropana (I1D) B cpeny nnkydauu B
COUCTAHUU C JCHCTBUEM IIPOM3BOIHBIX METHIKCAHTHHA Ha 3TaIle TOJHOW OCTAHOBKHU KJIETOK I103BOJISET IPOAIUTH BPeMs XpaHEHUS
cnepmue 10 120 4. i3MeHeHue conepxanus JlakraTa B cpeae nHKyOauuu ¢ [1d cBuneTenscTByeT 0 BO3MOXKHOCTH CIIEPMHEB YeJIOBEKa
HEePEXOAUTD Ha a9POOHBINH MeTab0IM3M HOcie 72-X 4aCOB XPaHEHUsI IPU THIIOTEPMHUH.

Kniouegvie cnoga: cniepmun, neppTopan, THIIOTEPMHS, JTAKTAT, TOIBIDKHOCTb.

JlocmiKeHo BILTHB ra30TPaHCIIOPTHOTO KpoBe3aMiHioBada “TlepdTopan” Ha BMIiCT MOJIOYHOI KHCIIOTH 1 PYXJIUBICTh CIIEPMIiB B
yMoBax rinorepmiunoro 36epiranus mpu 4°C. [TokazaHo, o goxaBaHHs epropaHy B cepeIoBHUIIE 1HKYOalii y CTIOydeHH] 3 Ti€I0
MOX1THUX METWIIKCAaHTHHY Ha €Talli [IOBHOT 3yITUHKH KIIITHH, T03BOJISIE€ IPOJOBXHUTH Yac 30epiranHs criepMii 10 120 roa. 3MiHa BMicTy
JIaKTaTa B cepeoBuIi iHKyOarrii 3 [P nepekoHIMBO CBITIHUTH PO MOKIMBOCTI CIIEPMIiB JTFOAUHU IIEPEXOIUTH Ha acpOoOHUI MeTaboTi3M
micst 72-X ToIuH 30epiranHs MpH rinoTepmii.

Kniouogi cnosa: cnepmii, nepdropan, rinoTepMisi, JaKTat, pyXJIUBiCTb.

There was studied the effect of a gas-transporting blood-substitute Perftoran on lactic acid content and spermatozoa motility
under hypothermic storage conditions at 4°C. It has been demonstrated that perftoran (PF) adding into the incubation medium
combined with the effect of methylxantine derivatives at the stage of complete stopping of cells gives the possibility to prolong the
storage time of spermatozoa up to 120hrs. The change of lactate content in incubation medium with PF testifies to the possibility of
human spermatozoa to change for aerobic metabolism following 72hrs’ hypothermic storage.

Key-words: spermatozoa, perftoran, hypotermy, lactate, motility.

Hapsiny ¢ KpHOKOHCEpBUPOBAHHON CIEpPMOM B
BCIIOMOTATENbHBIX PEMPOIYKTUBHBIX TEXHOJIOTHUAX
YacTO HCIOJIB3YIOT KIE€TKH, XpaHUBIIUECA MpPHU
TUMOTEPMHUHU. DTO CBA3aHO C HEOOXOIMMOCTHIO
[TOBTOPHOM MHCEMHUHALIUY CIIEPMOI MyXkKa, pEUHCEMHU-
HalUU AWLEKIETOK WIH OTCPOYKOM X NTHCEMHHALINN
nocine pospeBanHud. Kpome toro, ncrnosib3zoBaHue
THIIOTEPMHUH MTO3BOJISIET N30€KaTh KPUOIIOBPEKACHHSI
CIIEPMHUEB B MPOLECCE 3aMOPAKUBAHUSI-OTOTPEBA U
COXPAaHUTHh aKpocOoMy KieTok [2]. OCHOBHBEIM
TEXHOJOTUYECKUM MPUEMOM IMPH COBPEMEHHBIX
METOAAX HU3KOTEMIIEPATyPHOIO XPaHEHUS CIIEPMBbI
SABJISIETCS. UCIIOJb30BAHUE KPHO3AIIUTHBIX Cpen,
COCTaB U CBOMCTBA KOTOPBIX B OCHOBHOM ONPEIEIISFOT
3¢ PEeKTUBHOCTh KPUOKOHCEPBUPOBaHUS. MHOTHE 13
KOMIIOHEHTOB HM3BECTHBIX KPHO3AIUTHBIX Cpel
SBISIFOTCS (hapMakonedHbIMU penaparamu. Cymiect-
BYET psJl JEKapCTBEHHBIX CPEICTB, HHTEPEC K
KOTOPBIM CO BPEMEHEM HE TOJIBKO HE 0cllabeBaeT, HO

In reproductive technologies together with
cryopresered sperm we often use the cells stored under
hypothermia. This is related to the necessity of
repeated insemination with a husband’s sperm after
the maturation. In addition the use of hypothermia
allows to avoid the cryodamages of spermatozoa during
the freeze-thawing process and preserve a cell
acrosome [2]. The use of cryoprotective media, the
composition and properties of which determine in a
major extent the cryopreservation efficacy, is the basic
technological way in current methods of sperm low-
temperature storage.

The majority of components of many cryoprotec-
tive media are known to be pharmacopeial prepara-
tions. There are the series of medicinal preparations,
the interest to those is increasing with finding the new
fields and opportunities for their application. To those
preparations, which potential has not been completed
up to the present time, a gas-transporting “Perftoran”
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U YCHIWBaeTcs, OTKPHIBas HOBBIE 00JacCTH W
BO3MOXKHOCTH MX TpuMeHeHus. K uncny npemnapaTos,
MOTEHIIMAJI KOTOPBIX 0 CHUX MOpP HE HCUEpIaH,
OTHOCHUTCS Ta30TPaHCIIOPTHBIN NepHTOPYIIEPOAHBIN
Kpose3ameHutenb “Ilepdropan”, pazpaboTaHHbIN B
1979 r. ®.®. benospuessiM, N.JI. KnyHsHuem n
I'.P. UBanuukum (Poccus, [Tymuno) [3, 5].

Lenbto nanHoi paboOTHI ABIAIOCH U3yUCHHE
BiisHMS 1D Ha NOJABUIKHOCTH CIIEPMHUEB YEJIOBEKA U
COJIep)KaHWE MOJIOYHON KHUCIIOTHI B JAKYJIATE MPHU
runorepMudeckom xpanenuu 4°C.

Matepunanbl 1 meToAbI

Marepuanaom HCCIETOBAHUS CITYKUAIH ISIKYIISTHI
OT JOHOPOB C HOPMOCHepMHEH (KOJTMYECTBO criepMa-
T030110B — 20%10%M1; MOABMKHOCTE — Ooiee 25 %
MTOJIBMKHBIX CTIIEpMUEB Yepe3 60 MUH TOCIE ISIKYIIs-
un; Mopgomnorus — 6onee 50% HopManbHON GOPMBI;
arrIIOTHHAIMK HeT; 00b&M 3sKyJsiTa — Ooee 2 M
BSI3KOCTh crepMbl HopManbHas; pH 7,2-7,8; neiiko-
uTel — Meree 1,0x10%wim). MccmemoBanu mOIBIIK-
HOCTh C TIOMOIIBI0 MUKpoOcCKoma. KauecTBo criepmbl
JI0 ¥ TIOCTIE TUTIOTEPMHUYECKOTO XPaHEHUS OTIPEIeIISIIN
myTéM aHaim3a xapakrtepa ABwkeHns 100 xi1eTok B
Ka)KI0# 1ipo0e 1 BBIpaskaiid B IMPOLIEHTAX MOIBHYKHBIX
CTIEpPMUEB, ABIKYIINXCS PSMOIMHENHO TIOCTYTIATEb-
HO. KoHIIeHTpal1o MOJIOYHOMN KHCIIOTHI ONIPENEIsUIN
(hepMEHTaTUBHBIM METOJIOM 110 HAKOTUICHHEO HUKOTHH-
aMUJIaJICHUHIMHYKJIEOTH1a BOCCTAHOBIEHHOT O
(HAIH) B cucteme conpsKEHHBIX (hepMEHTaTUBHBIX
peakuwuii [ 1]. lns usmepenuit ucnonap3zoBanu 0e30e-
KOBBIH SKCTPaKT criepMueB. [[ist momy4eHus 3KkcTpakra
Kk 0,25 mu1 ssaxysaTa nobasismm 0,5 ma 6 %-ii HCIO,
ipu 0°C, uepes 5 muH neHTpudyruposanu mpu 1500g
10 mun. K 0,1 Mn cynepnatanta no6aBisanu 1 Mo
0,5 mMosb/n mMH-THapazuHoBoro Oydepa (pH 9), 0,02
MJI pacTBopa JakTataeruaporerassl (JII) u 0,1 Mo
0,027 mMonb/11 pacTBOpa HUKOTUHAMU I ICHUHINHY K-
neoTuaa U MHKyOnposanu npu 25°C B TeueHue yaca.
OnTHYECcKyI0 TIOTHOCTh M3MEPSIN CHeKTpodoTo-
MeTpoM Shimadzu QV-50 (Slronust) mpu JyTHHE BOJTHBI
340 am. CoaeprkaHue MOJIOYHON KHCIIOTHI BEIpaXKailu
B MMOJIB/JL.

Pe3yAbTathl M 00CyXXAeHHe

Panee mamu ObUTO TIOKA3aHO [4], 9TO 11€IECO00-
pa3Ho BBOAMTH B CPE/ly XpaHEHHS CIIEPMHUEB YETIOBEKA
I1® B xonnentpanuu 40 06. %. [IpoBogwm 2 cepun
3KCHEpUMEHTOB. B 1-ii cepun nzyuyanu BnusHue 1D
Ha TIOABMKHOCTH CTIEPMHEB ITOCIIE THITOTEPMUYECKOTO
XpaHeHHs B pacTBope XeHkca. HaGmionenue 3a
XapaKkTepoOM U NPOAOJIKUTEIBHOCTBIO JIBUKEHUS
KJIETOK ITO3BOJIWJIO YCTaHOBUTB, UTO MEPEKNBAEMOCTD
KJIETOK B KOHTpOJIe yBenanumiach 10 48 4. Eciu cpena
conepxana [1®d, cnepMun coxpaHsM NOJBUKHOCTh
B TeueHue 72 4. Ilocnenyroiiee BHECEHHE B Cpely
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blood substitute, elaborated in 1979 by Beloyartsev F.F.,
Knunyantsev I.L. and Ivanitsky G.R. (Russia,
Puschino), may also be referred[3, 5].

Studying of the PF effect on human spermatozoa
motility and lactic acid content in ejaculate at
hypothermic storage under 4°C was the aim of the work.

Materials and methods.

Ejaculates procured from donors with normosper-
mia (spermatozoa amount made 20%10%ml); motility
was more than 25% of motile spermatozoa in 60 min
after ejaculation; with morphology of more than 50%
of normal shape; no agglutination; ejaculate volume
made more than 2 ml, normal sperm viscosity;
pH 7.2-7.8, leukocytes amount made less than
1.0x10%ml). The motility was investigated using
microscope. Sperm quality prior to and following
hypothermic storage was determined by the analysis
of movement character of 100 cells in each sample
and manifested in the percentage of motile sperma-
tozoa, moving progressively and forwardly. Lactic acid
concentration was evaluated by enzymic method on
accumulation of nicotinamide adenine dinucleotide
reduced (NADH) in the system of bound enzymic
reactions [1]. Protein-free spermatozoa extract was
used for the evaluations. To obtain the extract to 0.25ml
of ejaculate were added 0.5ml 6% HCIO, under 0°C,
in 5 min centrifuged at 1500g within 10 min. To 0.1 ml
of supernatant there was added 1 ml of 0.5mol/l
glycerol-hydrazine buffer (pH 9), 0.02 ml of LDH
solution and 0.1 ml of 0.027 mol/l of nicotinamide
adenine dinucleotide solution and incubated under 25°C
within an hour. Optic density was measured using
Shimadzu QV-50 spectrophotometer (Japan) at a wave
length of 340 nm. Lactic acid content was expressed
in mmol/l.

Results and discussion

We demonstrated previously [4] that it was
reasonable to introduce PF in 40 %(v/v) concentration
into a storage medium of human spermatozoa. We
performed 2 sessions of experiments. In the 1% series
of experiments there was studied the PF effect on
spermatozoa motility following hypothermic storage in
Hanks’ medium. Observation of the character and
duration of cell motility allowed to establish the fact
that cell viability in the control increased up to 48 hrs.
Spermatozoa kept their motility within 72 hrs if the
medium comprises PF. The following introduction into
the medium of pentoxyphyllin motility stimulator under
final concentration of 3.5 mmol/I [6] did not result in
cell activation in the control. In PF-containing
suspension there was observed the motility increase
up to the initial level. A complete stopping of
spermatozoa was observed only after 120hrs of
incubation (Figure).
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CTUMYJISITOPA MOJBHXHOCTH TEHTOKCU(PHUIUIHHA B
KOHEYHOM KOHIICHTpaIuu 3,5 MMOJIb/J1 [6 ] He TPUBEJIO
K aKTHBallMU KJIETOK B KOHTpone. B cycneHnsum,
cogepxameid [1D, nHabnronanoch yBeJIWYCHHUE
MOABUKHOCTH A0 HCXOAHOTO ypoBHsA. IlomHas
OCTaHOBKa CIIEPMHUEB Obl1a 3aMKCHPOBAHA TOJIBKO
nocie 120 4y uHKyOauuu (PUCYHOK).

Crnenyer OTMETHUTD, YTO 1O AaHHBIM [7, 8] criepMma
YeNoBeKa in vitro mpu KOMHATHOH TEMITEpaType MOXKET
COXpaHATh CBOIO MOJBWKHOCTH 12-24 4, a mpu
TUIOTEPMUYECKOM XpaHeHNnH! — 48 .

Bo 2-ii cepum sKCmepuMeHTOB HaMHu OBIIO
[M0Ka3aHO, YTO KOHIEHTpPAIUs MOJOYHON KHCIIOTHI
yOBIBasa mmocJie 48 4 HHKyOaIuu U HapacTaia mocie
72-x yacoB B 00€HX HCCIIEyeMBbIX IpyIax (Tadiuma).

B To e Bpems mpu XpaHEHUHU KJIETOK B Cpefe ¢
[1® ypoBeHb nakTaTa ObUI BBILIE YeM B KOHTPOJIE BHE
BpeMeHHOro uHTepBana (48-72 4). MuHUManbHOE
COJIepXKaHNUE MOJIOYHOM KHUCJIOTHI B HAIIMX JKCIIe-
PUMEHTAX COBMAAJIO0 C OJHONW OCTAHOBKOM KJIETOK B
KOHTPOJIE ¥ 3HAYUTEIILHBIM CHIKEHHUEM TTO/IBHYKHOCTH
criepmueB B obpasmax, coxepxkamux 11D. B atom
COCTOSTHUH CIIEPMHU CTUMYJINPOBAIN TIEHTOKCU(PHII-
JINHOM B KOHTPOJIE U OTbITE. B KOHTPOIBHOM CyCIIEH3UN
JUHAMHKa HAKOIJICHWS JIAKTaTa HE U3MEHMIACh U
MTOABIDKHBIX KJIETOK HE HAOMI0HaI0Ch, B cpene ¢ [1D
OTMEYAJINCH ITOBBILICHUE YPOBHSI MOJIOYHON KHUCIIOTHI

KoH1eHTpalyst MOJIOYHO# K1CI0Th (MM) B criepMme rociie
Pa3IMYHBIX CPOKOB XpaHEeHUs B cpejie, copepxkarieii [1dD
(X+£x),n=12
Lactic acid concentration (mM) in sperm after various
storage terms in the medium containing PF (X+x), n=12

KoHIeHTpanus MOAOUHON KUCAOTHL,MM
AAUTEABHOCTD XPAHEHUSA Lactic acid concentration,mM
CTIEpMUEeBTIPH 4°Cu
P orage ot £C.mrs | Kompons o
0 0,88 = 0,08 0,83 = 0,08
5 091 +0,15 1,24 = 0,09
24 091 += 0,13 1,17 = 0,1
36 1,13 £ 0,12 1,19+ 0,11
48 1,35 = 0,23 1,2 = 0,31
55 0,89+ 0,34 0,78 = 0,25
72 1,0 = 0,16 1,22 = 0,20
96 1,14 = 0,25 1,44 = 0,27
110 1,1 = 0,17 1,5 = 0,10
120 1,06 = 0,21 1,72 = 0,24

ITpumeyanue: * — T0CTOBEPHOCTH PA3IHYMil MEXIY KOHTPOJIEM
u onbiToM (P <0.05).

Notes: * — significant differences between the control and
experimental groups (P<0.05).
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pentoxyphyllin in the control and experiment; [ll — control;

PF

i
96 110 120

It should be noted that according to the data [7, 8]
human sperm in vitro under room temperature is
capable to keep its motility within 12-24hrs, and under
hypothermic storage this time makes 48 hrs.

In the 2" session of experiments we have shown
that lactic acid concentration decreased in 48 hrs of
incubation and augmented following 72 hrs in the both
studied groups (the Table).

At the same time during cell storage in the medium
with PH lactate level was higher than in the control
beyond time interval (48-72hrs). The minimum lactic
acid content in our experiments coincided with a
complete stopping of cells in the control and
considerable reduction of spermatozoa motility in the
samples comprised PF. Under this state spermatozoa
were stimulated by pentoxyphyllin in the control and
experiment. In the control suspension the dynamics of
lactate accumulation did not change and no motile cells
were observed, in the medium with PF there was noted
an increase of lactic acid level and motility recovery
up to the level equal to the initial one before the
incubation start.

Under anaerobic conditions the lactate formed as
a final glycosis product is known to be utilized
completely only at a sufficient oxygen content in a
medium [8]. The presence of intercellular and
intracellular lactate shuttles [10] allows us to suppose
that glycolysis and respiration are bound to each other
as two alternative processes, as lactate, being the

PROBLEMS
OF CRYOBIOLOGY
2003, N23



U BOCCTAHOBJIEHHE MOJBHXHOCTH CIIEPMHEB 10
YPOBHS, COOTBETCTBYIOIIETO HCXOJHOMY 110 Hadasa
WHKYOAIHH.

W3BectHO [8], 9yTO MpU aHA’POOHBIX YCIOBHUAX
JaKTaT, 00pa30BaBIINNCA KaK KOHCYHBIH MPOAYKT
[JIMKOJIN3a, MOJHOCTHIO YTHIIM3UPYETCS TOJIBKO MPH
JOCTaTOYHOM COJIEP’)KaHUU KHCIOpPOJa B Cpele.
Hannuyne MeXKIETOUYHBIX M BHYTPHUKICTOYHBIX
YeTHOKOB JIakTata [ 10] maeT ocHOBaHWE MoIararh, YTo
TJIMKOJIN3 M JBIXaHUE CBSI3aHBI MEXKIY CO00# Kak 2
aJbTEPHATUBHBIX MPOIlECCa, TaK KaK JIAKTAT, SBISSICH
MIPOYKTOM OJTHOTO U3 HUX, CITy’)KUT CyOCTpaTOM IS
Jnpyroro. Bnepsele runoresy o jgokanuzanuu JIJII' B
MUTOXOHIPHAX BBICKa3anu Baba m Sharma [9].
Hcnonb3ys 21eKTpOHHYI0 MUKPOCKOIHIO U THCTOXHU-
MHUYECKHE HMCCIeHOBaHMs, OHM Hamiu, uyto JIAT
CBs3aHA C BHYTPEHHEW MEMOpPaHOW MHUTOXOHIIPHUH.
[IpucyrcTBHE BHYTPUKIETOYHOTO JIAKTATHOTO IITYHTa
B CIIEPMUAX UeJIOBeKa ObLIO BIEPBBIC J1OKA3aHO
Hochachka [11], koTopsiii oOHapyxuin uzopopmy
JIAT-C4 B MHUTOXOHAPHUSIX DTHUX KIETOK. ABTOp
[TOJTHOCTBIO OTNHCAIT (PU3HOJIOTUYECKUH U IBOTIOIIMOH-
HBII acTeKT OKHCJIEHUS JaKTaTa MUTOXOHAPHUSIMHU
criepmueB. OOpa3yrommiicst B pe3yibrate GhpyKToIm3a
NUpyBaT MHTHOUPYET MOTIONIEHHE KHUCIO0poaa
KJIETKaMHU, KOTOPOE B CBOIO OYEepeIb MOAAEPKHU-
BaeTcs JaKTaToM H3-3a peokuciaenuss HAJIH
nupyBaTAeruaporenasoi [12].

BbiBoAbI

MpeI nosiaraeM, 4TO BO BPEMEHHOM HHTEpBaje
48-72 4, non BoznelicteueM I1d cniepmuun yenosexa,
MOJIHOCTBIO YTHUIU3UPOBAB (PYKTO3y CEMEHHOM
TJ1a3Mbl, MEPeXonsT Ha a’poOHBIH MyTh oOMEHa U
HAUMHAIOT aKTUBHO METa00NM3UPOBaTh KHCIOPO/I.
[TonydyeHHble HAMU SKCIIEpPUMEHTAJIbHBIE TaHHbBIE
MOKa3bIBAIOT, YTO CIIEPMUH YETTOBEKA MOTYT SBIISATHCS
(bakyJIbTaTUBHBIMH aHa’p0oOaMH, CTIIOCOOHBIMHU TPHU
OTIpEe/IeTIEHHBIX YCIOBUSAX UCTIONIB30BATH KUCTIOPO/I IISt
o0ecrieueHuns NOABIKHOCTH. [lo0aBieHne eHTOKCH-
¢unHa mo3BoJisier 0ojee YETKO YBHUAETH OTY
TEHJCHLUIO.
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product of the one of those, serves as a substrate for
another one. For the first time the hypothesis on lactate
dehydrogenase (LDQG) localization was reported by
Baba and Sharma [9]. Using electron microscopy and
histochemical investigations they have found that LDG
is bound with inner mitochondria membrane. The
presence of intracellular lactate shunt/bypass in human
spermatozoa was firstly proved by Hochachka [11],
who had found the LDG-C4 isoform in mitochondria
of these cells. The author had completely described
the physiological and evolution aspect of lactate
oxidation by spermatozoa mitochondria. Pyruvate
formed as a result of fructolysis is known to inhibit
oxygen adsorption by cells, which in its turn is
maintained by lactate due to NADH re-oxidation by
pyruvate dehydrogenase [12].

Conclusions

We suppose that in a time interval of 48-72 hrs
under PF effect human spermatozoa having utilized
completely the seminal plasm fructose, change for an
aerobic metabolism way and start active metabolism
of oxygen.Obtained by us experimental data
demonstrate that human spermatozoa may serve as
facultative anaerobs under certain conditions capable
of using oxygen to provide motility. Pentoxyphyllin
adding gives the possibility to trace this tendency more
distinctly.
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