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Pecpepat: HusbkoTeMnepaTypHe KOHCepBYBaHHSI CMNEpPMaTo30i4iB LUMPOKO BUKOPWUCTOBYETLCS NPV NiKyBaHHI 6e3nnigaos me-
ToAamy OOMOMDKHMX penpoayKTuBHUX TexHororii (OPT). Metogu KpiokoHcepByBaHHsi CrnepMaTto30ifiB i3 edKynsaTiB npyv HOPMO-
300CnepMmii € PyTUHHUMU, NPOTE X HEMOXIMBO BMKOPUCTOBYBATW ANS CNepMaTo30ifiB, OTPUMaHWX i3 esKynsaTiB npu Bagax crep-
matoreHedy. Po3pobneHHs meTodiB KpiOKOHCEpPBYBaHHSI Ta OUiHKa MOPMOMYHKUIOHANbHUX Ta YNbTPACTPYKTYPHUX XapaKTepUCTUK
cnepmaTo3oifiB Micrs KPiOKOHCEPBYBaHHS € akTyanbHUMKW. Y poOOTi OLiHIOBanu BNVB KPIOKOHCEPBYBaHHA METOAOM BiTpudikauii
3 BUKOPUCTaHHSAM HEMPOHMKaNbHUX KpiornpoTekTopiB nonisiHinniponigoHy (MBI1) Ta caxapo3n Ha mopdodyHKUiOHanbHUIA Ta ynsTpa-
CTPYKTYPHWI CTaH cCnepmMaTto30ifiB NnoavHy npu natocnepmii. Y (22,3 £ 3,4), (26,8 £ 4,2), (18,6 £ 2,1)% cnepwmiis nicns BiTpudikauii 30,25 M
caxapo3oto; 10% MBI Ta cymiwwio 0,25 M caxapoan, 10% MBI, 10% cuposaTkoBoro anbbymiHy MHOAMHW BiANOBIAHO, CnocTepiranu
BVIHVKHEHHS BaKyosieln y XpoMaTuHi sgep crepMartosoifis. [na CBiKOBUAINEHUX CnepMaTo30iiB Lel nokasHuk ctaHosuBs (16,6 £ 1,4)%.
Y pocnipXyBanbHUX rpynax YNsTPacTPyKTYPHI XapakTepUCTUKM akpOCOMMW, aKCOHEMM, NepuakCoHeMarbHUX CTPYKTYp Ta [KryTuka
cnepmarto30ifiB CyTTEBO He BiOpI3HANNCS Bi KOHTPONbHMX 3pas3kiB. [okasaHo, L0 KPiOKOHCEpPBYBaHHS CepmaTo30ifiB NoavHU METOAOM
BiTPUIKaL|i 3 BUKOPUCTaHHAM pO34MHiB caxaposu Ta Bl go3sonse 30epertu ix XUTTe3aaTHICTb Ta YNLTPacTPYKTYPHY LiMiCHICT Ta €
NnepcrneKkTUBHUM Ans BUKOpUcTaHHs y [PT.

Kno4yoBi crnoBa: cnepmartos0ifu, KpiokoHcepByBaHHS, BiTpudikaLis, NoniBiHiNNiponigoH, acTeHo3oocnepmis.

Pedepart: HuskotemnepaTypHoe KOHCEpBMpPOBAHWE CNEpPMaToO30MAOB LUMPOKO UCMOMb3yeTCs Npu neveHnn Gecnnogns metogamu
BCMOMOraTenbHbIX PenpoayKTUBHbIX TexHonorni (BPT). MeToabl KpYOKOHCEPBMPOBaHNA CNepmMaTo30MaoB U3 3SKYNATOB NPU HOPMO-
300CNEPMUN  ABMASKOTCS PYTUHHBIMW, OOHAKO WX HEBO3MOXHO MWCMOMb30BaTb AN CMepMarto30MaoB, MOMYYEHHbIX W3 3SKynATOB
npu natonorvsax crnepmaroreHesa. Pa3paboTka MeTo[oB KPUOKOHCEPBUPOBAHUS M OLEHKa MOPAdOdYHKLMOHAMNBHBIX U YNETPacTpyk-
TYPHbIX XapaKTePUCTUK CNepmMaTo30MaoB NOCIe KPMOKOHCEPBMPOBaHNSA akTyanbHbl. B paboTe oueHvBanu BNMSHWE KPUOKOHCEPBUPO-
BaHVSA METOAOM BUTPUEMKaLMM C NCMOMb30BaHMEM HEMPOHUKAKLLMX KPUOMPOTEKTOPOB nonueuHunnvpponuaora (MBI1) n caxaposbl
Ha MOPOyHKLMOHaNbLHOE 1 yrNbTPacTPYKTYPHOE COCTOSIHME CnepMaTo3omaoB YenoBeka npy natocnepmuu. B (22,3 + 3,4), (26,8 + 4,2),
(18,6 £ 2,1)% cnepmuneB nocne sutpudukaumm ¢ 0,25 M caxaposon; 10% MBI 1 cmeckio 0,25 M caxaposbl, 10% MBI, 10% ceiBopo-
TOYHOro anbbymuHa YenoBeka COOTBETCTBEHHO, Habntoganu BO3HWKHOBEHNE BaKyorel B XxpoMaTuHe saep cnepmaTto3onaoB. [1ns ceexe-
BbleNIEHHbIX CMEpPMaTo30Ma0B 3TOT nokasarerns coctasnsAn (16,6 + 1,4)%. B uccnepgyembix rpynnax ynsTpacTpyKTypHbIE XapaKTePUCTUKM
aKpPOCOMbI, aKCOHEeMbI, NepuakCoHeMaribHUX CTPYKTYP W XryTuKa CrnepMaTo3ouioB CYLUECTBEHHO He OTNMYanmcb OT KOHTPOSbHbIX
ob6pasuos. NokasaHo, YTO KPMOKOHCEPBMPOBaHME CMEPMaTo30MA0B YenoBeka METOAOM BUTPUdMKaLmMM ¢ pacTBopamm caxaposbl v MBI
NO3BOMNSAET COXPaHUTb MX XMU3HECTOCOOHOCTb 1 YNETPACTPYKTYPHYHO LIEMOCTHOCTbL U NEPCNEKTUBHO A ncnons3osaHus B BPT.

KnioueBble cnoBa: crepmarto3onbl, KPMOKOHCEPBUPOBaHWE, BUTpUMUKaLWS, NONMBUHUANUPPONVAOH, aCTEHO300CNEPMUS.

Abstract: Low temperature preservation of spermatozoa is widely applied in infertility treatment when using the assisted reproductive
technology (ART). There are the standard methods for cryopreservation of ejaculated spermatozoa in normozoospermia, but their
application for ejaculate-derived spermatozoa, having spermatogenesis defects, is impossible. Therefore, of high priority are to design
the cryopreservation methods and assess morphofunctional and ultrastructural characteristics of spermatozoa after cryopreser-
vation. Here, we have evaluated the impact of cryopreservation by vitrification using non-penetrating cryoprotectants of polyvinylpyrro-
lidone (PVP) and sucrose on morphofunctional and ultrastructural state of human spermatozoa in pathospermia. In (22.3 + 3.4),
(26.8 £ 4.2), (18.6 + 2.1)% of spermatozoa after vitrification with 0.25M sucrose; 10% PVP and a mixture of 0.25 M sucrose, 10% PVP,
10% human serum albumin, respectively, we have observed the appearance of vacuoles in nuclear chromatin of spermatozoa. For
freshly isolated spermatozoa this index was (16.6 + 1.4)%. In the studied groups, the ultrastructural characteristics of acrosome, axoneme,
periaxonemal structures, and spermatozoa flagella did not significantly differ from the control samples. The cryopreservation of
human spermatozoa by vitrification using sucrose and PVP solutions was shown to preserve their viability and ultrastructural integ-
rity and to be promising in ART.

Key words: spermatozoa, cryopreservation, vitrification, polyvinylpyrrolidone, asthenozoospermia.
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KpiokoHcepByBaHHSI CIIepMiiB LIMPOKO 3aCTOCO-
BY€TbCS B IpOTrpaMax JOMOMIKHUX PENPOAYKTHB-
Hux texHonorii ([APT) [2]. OcranHimM yacom mepe-
Bara HaJac€TbCs BITpUQIKAIli, SIKUI peani3yeThcs 3a
3HAYHUX KOHIEHTpAIliil KpiOMPOTEKTOpiB Ta HaJ-
BHCOKHX IIBUAKOCTEW OXONOMKEHHA. Takuili MeTon
€ MEPCIEKTUBHUM JJsl KJIIHIYHOTO BUKOPUCTAaHHS,
OCKUTBKH BiH HE TOTpedye KOIITOBHOTO OOIaTHAH-
HSl Ta HE BUMAara€ TPHBAJOro0 4acy KpIOKOHCEpPBY-
Banusa [11-15]. Ha pmanmii yac HaWOIIbII ITOIIH-
PEHHM € TIOBIJIbHE 3aMOPOKYBAaHHS, XO4a HEOIHO-
pa3oBo Oyio MOKa3aHO HOrO HETaTWBHUMN BILTUB SIK
Ha CTPYKTYpHi, Tak i Ha ()yHKLIOHAJbHI XapakTe-
pUCTHKH criepMaTo3oifiB [6]. Uu € Birpudikaris
AJIBTEPHATHBOIO TIOBLIBHOMY 3aMopoxyBaHHI0? [lo-
Ka3aHOo, II0 KPIOKOHCEPBYBaHHS CIIEPMAaTo30iliB
MeTOoM BiTpu(ikallii, MOPIBHAHO 3 IMOBUTEHUM
3aMOpOXKYBaHHSM, JO3BOJIWJIO OTPUMATH BUILY 4ac-
TOTy X BrkuBaHHA [12]. Bucoka B’ sI3KiCTh BHYTPIIII-
HBOKJIITHHHOTO CEpENOBUINA CIIEPMAaTO30iAiB BHAC-
JI0K Masioro 00’eMy BOJM 1 BUCOKOTO BMICTy OiJf-
KiB, HYKJICOTHIIB 1 LYKpiB crnpusie ix Bitpudi-
Kalii Mpy HaABUCOKUX IIBUAKOCTSAX OXOJIOJPKEHHS.
Jlesiki TOCTIAHUKN BBaXKAIOTh, 110 IIUTOTOKCHYHICTh
3arajJbHOBKHUBAHHUX KPiOMPOTEKTOPIB (AUMETUIICYIIb-
(oxcua, Mpona”gion, eTUICHIIIKONb) IPU BUKOPHC-
TaHHI Y BUCOKHX KOHLIEHTPALIsIX € OCHOBHUM HEJ0-
JIKOM /17151 3aCTOCYBaHHS BKa3aHOTO METOAY y KIIiHIY-
Hilt npaktumi [15, 16]. [Ipu npomy F. Nawroth Ta
cmiBaBT. [17] omeprkany TMO3UTHBHI PE3yJIBTAaTH BiT-
pudikarii cepMaTo30iaiB 0e3 BUKOPHUCTAHHS Kpio-
MPOTEKTOPIB, MPOTE B HANIUX EKCIEPHUMEHTax IX
BIATBOPUTH HEe Bhanocs. Caxaposy IIHPOKO 3acTo-
COBYIOTb JIJIsl KPIOKOHCEPBYBaHHS CIIEPMIiiB, OCKITBKH
BOHA HE IUTOTOKCHYHA Ta He MOTpeOye BUAAJICHHS
3 kiituH. [loniBiHinmiponizon (IIBII) BigHOCHTBCS
70 KJlacy INTYYHHX IOJIIMEpiB 1 € MPOAYKTOM IO-
nmimepusauii N1-BiHinamiponigony Ta auetuieny. Ha
emOpionoriunomy erani JPT 10% IIBII Buxopuc-
TOBYIOTh JIJII CHPOINEHHS MIKPOMaHIMyIAmid 3i
CTIIEPMAaTO3011aMH, CIIOBUTHHIOIOUHM IX PYXJIUBICTH
T 9ac IHTPAIUTOIIA3MAaTHYHOI 1H €Ki B OOIIHT.
VY rtoit camuii gac [IBII € HenmpoHUKaIOUUM KPiomIpo-
TEKTOPOM, [Iisl SIKOT'O Ha CIIEPMAaTO301A1 Ha ChOTO/HI
HE BH3HauCHa.

MeTta J0CHiPKEHHSI — OIIHKA BIUIMBY KpPIOKOH-
CEpBYBaHHsSI METOJOM BiTpUdikamii 3 BUKOPUCTaH-
HSM TOJNIBIHUIIIPONIIOHY Ta caxapo3d Ha MOp-
¢dodyHKIIOHATBEHUN Ta YNBTPACTPYKTYPHHH CTaH
CIIEPMAaTO30i1iB JIIOIUHH IPU aCTEHO300CIEPMIi.

Marepianau i MmeToau

Y poboTi JOCHIMIKYBaIA 3pa3Ku CSKYJIATIB 9O0-
JOBiKiB-ToHOpiB y Bimi Big 20 mo 40 pokiB mpu
acteHo3oocrepmii (n = 10). Yei manimymmii 3 6io-
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Spermatozoa cryopreservation is widely used
in the assisted reproductive technology (ART)
programs [16]. Recently, the preference is shown
to the vitrification, realized with highly concent-
rated cryoprotectants and ultra-high cooling rates.
This method is promising for clinical applica-
tion since neither expensive equipment nor long
time of cryopreservation are needed [7-11]. Cur-
rently, a slow freezing is the most common way,
but its negative effect was frequently shown on
both structural and functional characteristics of
spermatozoa [2]. Can the vitrification be an alter-
native to slow freezing? The spermatozoa cryo-
preservation by vitrification, was shown to pro-
vide a higher survival rate as compared with slow
freezing [8]. A high viscosity of intracellular
environment of spermatozoa due to a low amount
of water and large one of proteins, nucleotides
and sugars contributes to their vitrification at extre-
mely high cooling rates. Some researchers suggest
the cytotoxicity of commonly used cryoprotec-
tants (DMSO, propanediol, ethylene glycol) used
at high concentrations to be the main disadvantage
for applying this method in clinical practice [11,
13]. Herewith, Nawroth F. et al. [14] have reported
about positive findings on the -cryoprotectant-
free spermatozoa vitrification, but we did not ma-
nage to reproduce them in our experiments. The
sucrose is widely used for spermatozoa cryopre-
servation owing to its non-cytotoxicity and no need
to be removed from cells. Polyvinylpyrrolidone
(PVP) belongs to artificial polymers and is a pro-
duct of polymerization of NI-vinylpyrrolidone
and acetylene. At an embryological stage of ART,
10% PVP is used to facilitate micromanipula-
tions with spermatozoa, by slowing down their mo-
tility during intracytoplasmic injection into oocyte.
At the same time, PVP is a non-penetrating cryo-
protectant, the effect of which on spermatozoa has
not been determined yet.

The research aim was to evaluate the impact
of cryopreservation by vitrification using polyvi-
nylpyrrolidone and sucrose on morphofunctional
and ultrastructural states of human spermatozoa
in asthenozoospermia.

Materials and methods

Here, we have studied the samples of ejaculates
collected from men aged between 20 to 40 years
with asthenozoospermia (n = 10). All the bioma-
terial manipulations were performed in accordance
with the European Protocol on the Protection
of Human Embryos In Vitro CDBI-CO-GT3 of
the Steering Committee on Bioethics (Strasbourg,
2003), and by the decision of the Bioethics Com-
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MarepiajJoM BUKOHYBAJIM 3TiIHO 3 €BpPONEHCHKUM
IIPOTOKOJIOM i3 3axHcTy eMOpioHiB in vitro CDBI-CO-
GT3 KepiBuoro xomitery 3 Oioetuxu (CrpacOypr,
2003), pimennsm Kowmitety 3 Oioetuku [HCTHTYTY
mpobneM kpiobionorii Ta kpiomeaumuan HAH VYk-
painu (M. XapkiB) Ta 3a iHPOPMOBAHOIO 3TOO0 ITa-
mieHTiB. JlochmipKeHHsT TIPOBOAWIN BiATIOBIAHO IO
npuHIUIIB [enpciHchkoi Aexmapariii 3 mpaB JIio-
quHd. OIIHKY esSIKyJSTY TPOBOIWIN BiJIIOBIJIHO
no pexomenpaiiii BOO3 [21]. Eskynst 30upanu
METOZIOM MacTypOariii B cTepwibHi Orokcu. [licis
po3pimkenHs: Oiomarepiany mpotsirom 40 XB mpu
37°C Bi3yaJbHO OIIHIOBAJIM KIJBKICTh CIIEpPMIiiB
B CAKYNIATI 31 IIBUAKUM Ta MOBIIBHUM IPSIMOJTi-
HilHUM pyxoM [1]. KoHmeHTparito i pyxJimBicTh
cnepmiiB Bu3Hadaim B kamepi «Makler» («Sefi me-
dical instrumenty, I3pains) mig CBITIIOBUM MiKPOCKO-
oM «Olympus [X-71» («Olympusy», SmnoHis).

Metonom tieHTpudyTryBaHHS Tpu 834g B Tpa-
TIEHTI TIUTPHOCTI Ta TIPH TPOILEAYPl «Swim up» 3
CAKYJIATY TAIlEHTa BUAULSUIA CIIEPMIi 31 IIBUIKAM
1 MOBUIPHUM TNPSMOJIIHIHHUM PYXOM Ta PO3IUISIIH
Ha eKCIIEpUMEHTalbHI TPYMH 3alle)kKHO BiJ CKJIa-
ny kpionporektopuux cymimeit (KC): 1 — caxaposa
0,25 M («Sigma-Aldrich», CIIIA) ta 10% cuposar-
koBoro aneOyminy mromuan (HSA) («Life Globaly,
CIIA); 2 — 10% IIBIT («Cook», CIIA); 3 — caxa-
po3a 0,25 M, 10% IIBII ta 10% HSA; 4 — narus-
Hi cnepMmii. Kpio3axucHi cepemoBuIa roTyBaiu Ha
tdhocharno-0ypepaomy posumHi Xenkca («PAAy,
ABctpis). Jlo cycmensii cmepMaTo30imiB 00epex-
HO JIO/IaBaJIM KPIO3aXMCHUIM PO3YHMH Ta MEPEHOCHIIH
y Mikpoconomuakn. O0’eM 3paska ckianas 50 MKIL.
Yac ekcrnosumii 3 cymilmiamMy KpiONpOTEKTOPIB He
nepepuiyBaB 30 XxB. MIKPOCOJIOMUHKH IIIBHJIKO
3aHypIOBAJIM y PIAKUI a30T. 3pa3ku BiirpiBaiu Ha
BomsHii Oani (37°C). Ilicns BimirpiBy KpiompoTek-
TOP HE BUIAJISLIH.

JKutTre3narHicTh criepMiiB OIiHIOBaNM 32 KiJlb-
KICTIO XMBHUX CIEpMIiB, IMiIpaxoBaHUX Yy Ma3Kax,
3a0apBieHNX €o03WH-Hirpo3uHoM («Magapor», Ic-
maHisg). Jmg 1mporo 3mimryBanmm piBHI 00’emu (I10
10 mxm) 6GapBHUKA 1 CycTeH3ii criepMiiB, epeMimry-
Baiu Ta 1HKyOyBanu 30 ¢ pu 37°C, micist 4oro Kpari-
JI0 TIEPEHOCWJIM Ha 3HEXKUpPEHE NpeJIMETHE CKJIO,
poOWIIM Ma30K, BUCYIIyBAJIMA 1 JOCIIJKYBaIH Iij
CBITJIOBUM MIiKPOCKOIIOM i3 3aCTOCYBaHHSIM iMepcil.

Hnst enexTpoHHOi Mikpockomii 3paszku  (ikcy-
Bamu B 3%-My pO34MHI TJIyTapoBOTO ajbJACTiry
(«SPI», CILIA) na ¢ocdharnomy Oydepi Mimtoni-
ra ta 1%-My po3uuni yotupuokucy ocmito («SPI»)
[10], micnmst 3HEBOMHEHHS €TaHOIOM («YKPCIUPTY,
VYkpaina) Ta oxcumpormiieroM («SPI») mepeHocu-
i B enmoH-apanmit («SPI»). Jlms emexkTpoHHO-MIK-
POCKOMIYHOTO JOCTI/DKEHHSI OTPUMYBAJHN yiIbTpa-

mittee of the Institute for Problems of Cryobio-
logy and Cryomedicine of the National Academy
of Sciences of Ukraine (Kharkiv) and with the
informed consent of patients. The research was
carried out in accordance with the Declaration of
Helsinki on Ethical Principles for Medical Re-
search Involving Human Subjects. The ejaculates
were assessed according to the WHO recommen-
dations [21]. The ejaculate samples were collected
by masturbation into sterile tubes. After bioma-
terial dilution for 40 min at 37°C, the number
of spermatozoa in ejaculate with rapid and slow
forward movement was visually estimated [3]. The
spermatozoa concentration and motility were de-
termined in Makler counting chamber (Sefi Me-
dical Instrument, Israel) with Olympus IX-71 light
microscope (Olympus, Japan).

Using the density gradient centrifugation at
834g and ‘swim up’ procedure, we isolated the
spermatozoa with rapid and slow forward move-
ments from patient’s ejaculate and then divided
into the following experimental groups, depen-
ding on cryoprotectant mixture (CM) composition:
the group 1 — 0.25 M sucrose (Sigma-Aldrich,
USA) and 10% human serum albumin (HSA) (Life
Global, USA); group 2 — 10% PVP (Cook, USA);
group 3 — 0.25 M sucrose, 10% PVP and 10% HSA;
group 4 — native spermatozoa. The cryoprotective
media were prepared with Hank’s buffered salt
solution (PAA, Austria). The spermatozoa suspen-
sion was carefully supplemented with cryoprotec-
tive solution and transferred into microstraws.
The sample’s volume was 50 pl. The exposure time
with cryoprotectant mixtures did not exceed 30 min.
The microstraws were rapidly immersed into liquid
nitrogen. The samples were thawed in a water
bath (37°C). The cryoprotectant was not removed
after thawing.

Spermatozoa viability was assessed by the
number of living spermatozoa counted in smears
stained with eosin-nigrosine (Magapor, Spain). To
do that, the equal volumes (10 pl) of dye and
spermatozoa suspension were mixed, then stirred
and incubated for 30 s at 37°C. Afterwards a drop
was transferred onto a non-degreased slide, then
smeared, dried and examined with light microscope
using immersion.

For electron microscopy, the specimens were
fixed in 3% glutaraldehyde solution (SPI, USA)
on Millonig’s phosphate buffer and 1% osmium
tetroxide oxide (SPI) [6], after dehydration with
ethanol (Ukrspirt, Ukraine) and oxypropylene (SPI)
they were transferred into epon-araldite (SPI).
For electron microscopic examination the ultra-
thin sections were obtained, then contrasted with
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TOHKI 3pi3u, KOHTpacTyBaju ypaHinaneratom («lH-
Tepxim», Pocis) 1 nutparom cuHIlto («SPI»). 3pasku
aHaJi3yBaIM 3a JONOMOIOI0 EJIEKTPOHHOTO MIKpOC-
rorma «ITEM-125K» («SELMI», Ykpaina), ocHarmie-
HOTO CHCTEMOI0 3’HOMKHM Ta aHami3y 300pakeHHS
CAI-O01A («SELMl»), sixke Bximouanmo Takox CCD-
kamepy «DX-2»(«Kappa», Himequanna) i makeT mpo-
rpam («Kappay) [4].

[MpoBoanim aHami3z yabTPACTPYKTYPHHUX Xapak-
TEPUCTHK TOJIIBKM criepMis (HasBHICTH abo BiiCYT-
HICTh akpocoMu, opma akpocoMu (HopMmajbHa abo
3MiHEHa), CTaH XPOMAaTHHY), INUHKH (HasiBHICTh IICH-
Tpioni Ta Qopma MITOXOHApiH) Ta XBOCTOBOI 4Yac-
TUHU (CTaH MIKpOTPyOO4OK Ta (hiOpo3HOTO HIapy).

Cran JIHK cnepwmiiB oriHIOBaj M 3a JOMOMOTOO
akpununy nmomapandoBoro (All) («Sigma-Aldrichy),
KU Ja€ 3eneHe (IyopecIieHTHE CBITIHHSA, KOJIH
3B’s13y€ThCs 3 TonBiitHUM Jstanmiorom JIHK Ta gepBo-
HHAM — 3 OJHOJIAHITIOTOBHM [9, 20].

g cratucTrnaHOi 00pOOKH JaHUX BUKOPHUCTOBY-
Basiu niporpamy «Excel» («Microsofty, CIIIA). [lani
HABOAWJIM SIK CEpEeIHE 3HAYCHHS + CTaHJIapTHE BiJl-
XuJieHHs1. J{71s OpiBHSIHHS JBOX BUOIPOK 3aCTOCOBY-
Banu t-kputepii Pimepa-CrpioneHTa Ta mporpamy
«Excel» («Microsoft») mpu p < 0,05.

Pe3ysbTaTn T2 00rOBOpEeHHS

[Ticast xpiokoHCEpBYBaHHS METOAOM BiTpuika-
mii y rpymax 1-3 skurre3naTHumu BusBuiucs (86,1 +
+6,7); (87,1 = 7,3); (89,6 = 7,5) % crmepmiiB Bimmo-
BimHO Ta (97,6 £ 7,5) y rpymi 4. KigpKicTh pyxiu-
BHUX CIIEpMiiB B aHAJI30BaHMX TpyMax CTaHOBHJIA
(65,9+6,8),(42,5+£6,7),(41,3+8,1)Ta (85,6 £6,7) %
BiAmoBigHO (puc. 1). 3HMKEHHS MOKAa3HUKA PYXIIH-
BOCTI criepMmiiB y rpynax 1-3 1o BiJHOIIGHHIO 10
rpymu 4 mMoxe Oyt moB’s3aHo 3 TuM, 1o I[1BIT Ta
caxapo3sa, siki npucyTHi y ckiani KC, € momimepa-
MH Ta XapaKTepU3YIOTbCS MiJBHILECHOIO B’SI3KICTIO.
Pyx cnepmiiB y 3a3HaueHHMX CEpeIOBHIIAX CIIOBLJIb-
HIOETBCS @K /IO IOBHOTO 3HEPYXOMJICHHS, NPOTE
BOHH 3aJIMLIAIOTHCS KUTTE3NATHUMH.

Mopdonoriuamii aHami3 CrepMaro30ifiB MeTo-
JIOM CBITJIOBOI MIKPOCKOITii BUSIBUB, IO IICIIS KPio-
KOHCEPBYBaHHsI 4YacTKa PYXJHMBHX CIIEPMaTo30i/iB
13 HOPMaJIbHOK MOP(OJIOTIE HE3HAYHO 30LIBIIN-
macs TOPIBHSHO 31 CBDKOBHIUICHOIO (PPaKIli€ro
(35,6 £ 5,5), (33,2 £ 4,7), (36,6 = 4,3)% y rpynax
1-3 BignosigHo, mpotu (30,7 £+ 1,5)% y rpymi 4, 1o
MOXe OyTH IOB’SI3aHO 3 KPi1OCEIEKIII€IO0.

Jnst cTaHgapTHOTO aHami3y CIEepMaTo30iliB BU-
KOPUCTOBYBAJIM CBITJIIOBY MIKPOCKOTIiIO, SKa J03-
BOJIIE BH3HAYUTH iX MOpPQOJIOTiYHI 0COOIMBOCTI:
KUTBKICTH TOJIIBOK Ta XBOCTIB CIIEPMIiB, iX po3Mipu
Ta BIJHOCHE pO3TAIlyBaHHS, HAIBHICTH Ta PO3Mi-
PH aKpOCOMH. YIBTPACTPYKTYpHE TOCIIKCHHS J1a€
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uranyl acetate (Interkhim, Russia) and lead cit-
rate (SPI). The specimens were analyzed using
a TEM-125K electron microscope (SELMI, Uk-
raine) equipped with CAI-01A imaging and ana-
lysis system (SELMI), also included DX-2 CCD ca-
mera with Kappa camera control software (Kappa,
Germany) [19].

The ultrastructural characteristics of spermatozoa
head (presence or absence of acrosome, its shape
(normal or altered), chromatin state), neck (presence
of centrioles and mitochondrial shape) and tail
part (state of microtubules and fibrous layer) were
analyzed.

The state of spermatozoa DNA was evaluated
using acridine orange (AO) (Sigma-Aldrich, USA),
which fluoresces green and red when binding to a
double- or single-stranded DNA, respectively [5, 20].

The data were statistically processed using Ex-
cel software (Microsoft USA). They were reported
as the mean * standard deviation. When compa-
ring the two samples, the Fisher-Student t-test
and Excel software at p < 0.05 were used.

Results and discussion

After cryopreservation by vitrification, (86.1 +
+ 6.7); (87.1 £ 7.3); (89.6 + 7.5)% of spermatozoa
in groups 1-3, respectively, and (97.6 + 7.5) in
group 4, were found to be viable. The number
of motile spermatozoa in the analyzed groups was
(659 £ 6.8), (42.5 £ 6.7), (41.3 = 8.1) and (85.6 =
+ 6.7)%, respectively (Fig. 1). A decrease in sper-

100
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KinbkicTb KNiTUH, %
Amoumt of cells, %

Mpynun

Group
Puc. 1. PyxnuBicTb (B) i XX1TTE3QATHICTL (M) cnepmiiB nto-
OVIHU MiCns KPIOKOHCEPBYBaHHSA. * — 3MiHW CTaTUCTUYHO
3Ha4yLli MOPIBHAHO 3 BIAMNOBIAHMM MOKa3HUKOM rpynu 4
(p <0,05).
Fig. 1. Motility (m) and viability (m) of human spermatozoa
after cryopreservation. * — changes were significant as
compared to the corresponding index of group 4 (p < 0.05).
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3MOTY BHM3HAUUTH CTYHiHb KOHZICHCAILil XpOMaTHHY
Ta CTPYKTYpH MNEPUHYKJICAPHOI TEKH, MOCTaKpOCO-
MaJIbHUM CErMEHT, LEHTPioNb, aKCOHEMY Ta Iepu-
aKCOHEMaJbHY TUISHKY XBOCTA.

BceraHoBiieHo, 10 B YCiX OCHIKYBaHUX TPy-
Max KUIBKICTh YABTPACTPYKTYpHUX aHOMaJiii Oyra
IOCUTHL BHCOKoro. Tak, (66,3 £ 7,1), (63,2 £ 8,1),
(66,5 = 3,3) Ta (60,7 £ 7,5)% crnepmaTo30iaiB Mau
aHoMaJTii TOMIBKH, IIMHAKH, XBOCTa a00 TXHIX YJIBT-
PACTPYKTYPHHUX €JICMEHTIB.

Binbury gacTuHy TONIBKHM CHEpMiiB BCiX JOCHTiJI-
KYBaHHMX TPYI CKJIaJaB KOHJICHCOBAHWH XPOMATHH
y BUDISI €JICKTPOHHOIIUILHOTO OJHOPIAHOrO Ma-
Tepiaiy, 3 HEBEIMKUMH AUISTHKAMUA HMXKYOI EJIeKT-
porHOI mineHOCTI (puc. 2). Y (22,3 + 3,4), (26,8 +
+ 4,2), (18,6 = 2,1) ta (16,6 £ 1,4)% cnepmiiB
rpyn 1-4 BimmoBimHO, cmocTepirajgy BHHUKHEHHS
BaKyoJIeld y XpomaruHi sijep cmepmiiB. Ha mepen-
HBOMY TIOJNIOCI TONIBKM Bi3yallizyBajiacsi aKpoco-
Ma, fKa B HOPMI Ma€ BHIVIAJ IUIOCKOI LUCTEPHH,
3allOBHEHOI OJHOPIHOIO PEYOBHHOIO CEPEIHBOT

CJIEKTPOHHOI IIUIBHOCTI Ta TOKPHUBAE TMPHOIU3HO

y

&

28

matozoa motility in groups 1-3 versus group 4
may be due to the fact that PVP and sucrose,
composing the CM, are polymers, being cha-
racterized by an increased viscosity. The move-
ment of spermatozoa in these media slows down
until a complete immobilization, but they remain
viable.

Morphological analysis of spermatozoa using
light microscopy after cryopreservation revealed
a slight increase in a part of motile spermatozoa
with normal morphology as compared to the freshly
isolated fraction, 7. e. (35.6 £5.5),(33.2+£4.7),(36.6 =
+ 4.3) for groups 1-3, respectively, versus (30.7 £
+ 1.5)% in group 4, that could be related to cryo-
selection.

For standard analysis of spermatozoa, we used
the light microscopy, which enabled determining
their morphological features, i. e. a number of
spermatozoa heads and tails, their size and re-
lative location, the presence and size of acro-
some. The ultrastructural study allows investiga-
ting the degree of chromatin condensation and

Puc. 2. YnbTpacTpykTypa ronisku cnepmaro3oifia 3 KOHOEHCOBaHMM XpOMaTvHOM sigpa i akpocomoto: A —rpyna 1, B —
rpyna 2, C —rpyna 3, D — rpyna 4. Ch — xpomatuH; A — akpocoma.

Fig. 2. Ultrastructure of spermatozoa head with condensed nuclear chromatin and acrosome: A — group 1, B — group 2,
C —group 3, D — group 4. Ch — chromatin; A is acrosome.
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Puc. 3. I'Ibonom:m 3pi3n LWNNOK cnepmaToao'l'niB: —rpyna1, B - rpyna 2, C —rpyna 3, D —rpyna 4. M —m

Ch — xpomaTuH sigpa; Ac — akcoHema.

iTOXOHAPIT;

Fig. 3. Longitudinal sections of sperm necks: A — group 1, B — group 2, C — group 3, D — group 4. M is mitochondria;

Ch — nuclear chromatin; Ac — axonema.

2/3 mepenHboi moBepxHi siipa roiiBku [7]. Y rpy-
nax 1-3 ymeTpacTpyKTypHI XapaKTEpPUCTHKH aKpo-
COMH CYTTEBO HE Biapi3Hsuucs Bix rpynu 4 (puc. 2).

[Huiika cnepmaro3oiga MicTwia mnapy LeEHT-
piomnei, AKi 3HAXOMWMIIUCS TiJ MPSIMHM KyTOM OIHA
no onuoi. Bpro 3a3HaumTH (akt 30iTBIICHHS
y 1,5-2 pasm po3mipiB MITOXOHAPiIH crepmiiB
rpyn 1-3 mopiBHsIHO 3 Tpy1o0 4 (puc. 3).

VYIBTpacTpyKTYpHHI aHalli3 JUKTYTHKIB CIIEPMITB
JOCII/PDKYBAaHUX TPyl BUSBHUB TaKi MHOXHHHI TIe-
TEPOreHHI NepeOyaoBH aKCOHEMH Ta IIepHaKCOHe-
MaJIBHUX CTPYKTYp, SIK 3MiHM (OpMH 30BHIIIHIX
mibHuX  Gidpun  abo  apxitekTypu (HiOpo3HOTO
mapy (puc. 4, A, B), xinbkocTi Ta po3TairyBaH-
Hsl nymiieriB mikporpybouok (puc. 4, C). Ilpote
AHAJIOT1UHI MOKAa3HUKU BMABJICHO Yy CIEPMisX YCiX
JOCIIDKYBAaHUX TPYII, MOMKJIMBO Yepe3 Te, IO Ma-
TepiaJioM JOCHiPKeHHST Oynu criepMii 3 esKyIsTIB
TIpU acTeHo300cTepMmii (puc. 4).

Jeskumu aBTOpamMu Oysi0 BCTaHOBJIEHO 3B S-
30K PYXJIMBOCTI CIIEPMATO30iMiB 3 IX MOJaJIbIIK-
MU yJIBTPACTPYKTYPHUMH TOPYIICHHSMH: HasBHICTh
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the structure of perinuclear theca, postacrosomal
segment, centriole, axonema, and periaxonemal com-
partment of tail.

In all the experimental groups, the number of
ultrastructural abnormalities was found to be quite
a high. Thus, (66.3 £ 7.1), (63.2 £+ 8.1), (66.5 + 3.3),
and (60.7 £ 7.5)% of spermatozoa had abnorma-
lities of head, neck, and tail or their ultrastructural
elements.

In all the studied groups the spermatozoa head
was mostly consisted of a condensed chromatin as
electron-dense homogeneous material, with small
areas of lower electron density (Fig. 2). The appea-
rance of vacuoles in nuclear chromatin of sper-
matozoa was observed in (22.3 + 3.4), (26.8 + 4.2),
(18.6 = 2.1), and (16.6 £ 1.4)% of spermatozoa of
groups 1-4, respectively. The acrosome, which
normally appering as a flat cistern, filled with
a homogeneous substance of average electron den-
sity and covered about 2/3 of anterior surface
of head nucleus, was visualized at an anterior
sperm head pole [1]. In groups 1-3, the ultrastruc-
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LUTOIIA3MATUYHOT KpaIli Ha TOJNIBII Ta IIMHUII;
HeperyJsipHe YKJIaJaHHS MITOXOHApPiH; BiACYTHICTbH
LEHTPAJIbHOI TTapH MIKPOTPYOOUOK aKCOHEMH JIKIY-
TUKA; MOpYLIEHHs OyloBM map HepUPEepUIHUX Mi-
KpOTpyOOUOK 1 aucruraziss GpiOpo3HOTO mapy JHKTY-
tka [5, 8]. IcHye mymka, 110 KpiOKOHCEPBYBaHHS
MO)K€ BUKJIMKATH CTPYKTYpHI ITTOPYIIEHHS ILIa3Ma-
JIEMH, aKPOCOMH Ta XBOCTA, SIKi B TOJIAJIBIIOMY 3HH-

Rl e

o il £

Pwuc. 4. MNonepeyHi 3pi3n

DKryTukiB cnepmatosoigis: A —rpyna 1, B —rpyna 2, C — rpyna 3, D — rpyna 4. Ac — MikpoTpy604-

tural characteristics of acrosome did not signifi-
cantly differ from the group 4 (Fig. 2).

The spermatozoa neck contained two centrioles,
placed at right angle to each other. The size of
spermatozoa mitochondria was noted to increase
in 1.5-2 times in groups 1-3 versus group 4 (Fig. 3).

Ultrastructural analysis of sperm flagella in the
studied groups revealed multiple heterogeneous

K1 akcoHemu; M — MmiToxoHapii; F — 30BHiLLHI gibpunu; FI — ¢pibposHuin wap.
Fig. 4. Cross sections of spermatozoa flagella: A — group 1, B — group 2, C — group 3, D — group 4. Ac — axoneme
microtubules; M — mitochondria; F — external fibrils; Fl is a fibrous layer.

KYIOTh pyxiuBicTh crepmiiB [18]. Ockinpku B Ha-
i poOOTi B SIKOCTI KpiOMpOTEKTOpiB Oyiu 3ac-
TOCOBaHI PEUOBHMHHM, sIKI cami 1O COOI 3HEPYXOM-
JIOIOTH CIIepMii, TO MU HE MOXKEMO CTBEP/UKYBAaTH
PO BIUIMB YJIBTPACTPYKTYpHHX 3MiH Ha iX pyX-
muBicTe. [Ipore Mu 3BepHYAM yBary Ha HasBHICTb
3a3HAUEHUX CTPYKTYpPHHUX BIIXWMJCHb Y BCIX HOC-
JKYBaHHUX TPyTIax.

3a JaHMMHU EJIEeKTPOHHOI MiKpockomii Bcra-
HOBJICHO, II0 XPOMAaTHH CIEPMIiB yCIX HOCTIIXKY-
BaHUX Ipyn OyB IIUJIbHO KOHAEHCOBaHMH, OIHAK Y
rpymax 1-3 cmocrepiramacsi TEHAEHIlis 10 30171b-

30

rearrangements of axoneme and periaxonemal
structures, such as changes in a shape of outer dense
fibrils or architecture of fibrous layer (Fig. 4A,
B), number and location of microtubule doublets
(Fig. 4). However, the same picture was found in
the spermatozoa of all the studied groups, possi-
bly due to the asthenozoospermic sperm samples,
served the research material (Fig. 4).

Some authors have discovered the relationship
between the spermatozoa motility and their sub-
sequent ultrastructural disorders, i. e. the presence
of cytoplasmic drop on head and neck; irregular

npo6nemu kpiobionorii i kpioMmeaULMHN
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Fig. 5. Spermatozoa number with
cryopreservation.

intact DNA after

LICHHS KUTBKOCTI CHEpMIiiB 31 3MiHEHOIO CTPYKTY-
poto IHK: y rpymi 4 — KinbKicTe crnepMiiB i3 He-
ymkopkeHoro JIHK cxmana (80,3 £ 3) % (puc. 5).
Hesnaune minsumennas ¢gparmenranii JJHK y kpio-
KOHCEPBOBAHUX CIIEPMisIX MOXE OyTH IIOB’sI3aHO
i3 OKHCHO-BITHOBHUMH TIPOIIECAMHM, SIKi BUHUKAIOTH
y CIepMaro30imax mia yac KpiokoHcepByBaHHS [19].

AHOManbpHa YTIaKOBKa XpPOMAaTHHY Ta HasSBHICTh
OfIHO- Ta JBojaHIrorosux pospusie JJHK y cmep-
MisIX MOXYTh OyTH TpPEIUKTOpaMH 3aIuliJHECHH:
ooruTiB [3] 1 momanbinoi skocTi emOpioHiB [22].
Ockinbkn B HOpMi JIHK moBuHHA MaTh meBHY KOH-
¢dopmanito, XiMidyHy 1 (Ii3UUHY CTPYKTYpy, TOMY
Oyzb-sike HE3HA4YHE MOLIKOPKEHHS BTOPHHHOI abo
TpetuHHoi crpyktypu HHK Moxe mnpussectu no
HENPaBWJIBHOTO PO3BUTKY MOMIH IIiCJIs NPOHUK-
HEHHS Takoro Ae()eKTHOro crepMaros3oifa B siiie-
KITITHHY.

TakuM 4MHOM, BCTAHOBJIEHO, IO KPIOKOHCEPBY-
BaHHS CIIEPMATO301MiB JIOAWHW METOIOM BITpHU-
¢ikamii 3 BHKOPHCTAaHHSM pO3YMHIB caxapo3d Ta
I[BIT no3Bonsie 30epert  MOpQpodyHKI[IOHATBHY
Ta YABTPACTPYKTYpHY LiTicHICTH Tamer. Llel me-
TOJ € TEepCHeKTUBHUM IpU JIKyBaHHI Oe3mIiais
3 BukopuctanHsm y JIPT, ockinbku He morpelye
BUKOPHCTaHHS KOLITOBHOTO OOJIaHAHHS, HE BHMa-
ra€ BUJAJICHHS KPIONPOTEKTOPa Ta € IPOCTUM 1 3pyu-
HUM.

BucHoBku

BukopucTaHHS HENPOHUKAIOUUX KPIOMPOTEKTO-
piB Ui KPIOKOHCEPBYBAHHS CIIEPMATO301/IiB JIIO-
IUHA METONOM BiTpuQikalii 103Boisie 30epertu
ix MopdodyHKIIOHAIEHY Ta YIBTPACTPYKTYPHY
LUTICHICTB. 3a pe3yibTaraMd eJEeKTPOHHOI MiKpo-
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laying of mitochondria; absence of central pair
of microtubules of flagellar axoneme; altered struct-
ure of pair of peripheral microtubules and dys-
plasia of flagellar fibrous layer [12, 4]. It is thought
that the cryopreservation may cause structural
abnormalities of plasmalemma, acrosome and tail,
which further reduce the spermatozoa motility [15].
Since here we used as cryoprotectants these sub-
stances, immobilizing the spermatozoa themsel-
ves, we could not state about the effect of ultra-
structural changes on their motility. However, we
pointed out that the mentioned structural abnorma-
lities were present in all the groups under study.

Electron microscopy revealed the spermatozoa
chromatin in all the investigated groups to be
tightly condensed, but in groups 1-3 there was a
tendency to increase in spermatozoa number with
altered DNA structure, i. e. in group 4 the number
of spermatozoa with intact DNA was (80.3 = 3)%
(Fig. 5). A slight increase in DNA fragmentation
in cryopreserved spermatozoa may be associated
with the redox processes, occurring in spermatozoa
during cryopreservation [18].

Abnormal chromatin packaging and the pre-
sence of single- and double-stranded DNA breaks
in spermatozoa may be predictors of oocyte ferti-
lization [17] and subsequent quality of embryos
[22]. Since DNA normally should have a certain
conformation, chemical and physical structure, so
any slight damage to DNA or its packaging may
entail an incorrect development of events after
penetration of such a defective spermatozoon into
the egg.

Thus, the cryopreservation of human sperma-
tozoa by vitrification wusing sucrose solutions
and PVP was found to enable preserving mor-
phofunctional and ultrastructural integrity of game-
tes. This method is promising to apply in ART
during infertility treatment, since it is easy-to-
use simple way, when no expensive equipment
and cryoprotectant removal required.

Conclusions

The use of non-penetrating cryoprotectants for
human spermatozoa cryopreservation by vitri-
fication allows preserving their morphofunctio-
nal and ultrastructural integrity. The electron mic-
roscopy revealed the absence of ultrastructural
changes in acrosome, axoneme, periaxonemal
structures, and flagella. Vitrification of human
spermatozoa with sucrose and PVP in different
combinations causes no impact on DNA fragmen-
tation frequency. The cryopreservation by vitri-
fication using non-penetrating cryoprotectants is
promising for ART, since male gametes for oocyte
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CKOMii BCTAHOBJIEHO BIACYTHICTb YIBTPACTPYKTYp-
HUX 3MiH aKpOCOMH, aKCOHEMH, IEepHAKCOHEMallb-
HUX CTPYKTYp Ta JDKTyTHKA. Birpudikarmis crep-
MiiB srofuHHA 3 caxapo3or i [IBII y pi3HUX KOM-
OiHamisIX He BIUTMBAE Ha dYacToTy (parMeHTarii
JHK. MeTox kpiOKOHCEpBYBaHHS MIISXOM BITpPH-
(hikarii 3 BHKOPHCTAHHSIM HEMPOHUKAIOUNX Kpio-
MPOTEKTOPIB € mepcuekTuBHUM it JIPT, ockinbku
YOJIOBIYl IaMeTH JUIS 3alUIJHEHHS OOLMTIB MOXK-
Ha BHUKOPHCTOBYBaTH HETrailHO Ticisl BiJirpiBy 0e3
eTarry BUAAJICHHS KPi03aXUCHOTO CEPEAOBUILA.

Poboma suxonana ¢ pamxax npoepamu «Iliompumxa
PO36UMKY NPIOPUMEMHUX HANPSIMIE HAYKOGUX O0CHIO-
grcenvy (Koo npoepammoi knacugixkayii eudamkie ma
Kpeoumyeanus 06541230). 'V nodarvuwiomy nianyemocs
nposecmu 0OCHIONCEH S, CNPAMOBAH HA BUBYEHHSA CIAHY
JIHK ma Oucnepcii xpomamumny y cnepmiax nicis Kpio-
KOHCEep8YBAHHS PISHUMU MEMOOaMU.

NMitepatypa

1. Bparuna EE, Abgymanukosa PA. PykoBoacTBo no cnepmaroro-
run. Mockea: Copek-nonurpadus, 2002. 93 c.

2. Metpywko MI. CyyacHuit ctaH NpobrnemMmn KpiokOHCEepBYBaHHS
PenpPoOAyKTUBHUX KMiTUH Ta eMbpioHiB noguHu. BicHnk HAH
Ykpainu. 2017; (7): 44-52. doi:10.15407/visn2017.07.044.

3. Metpywko MI. LiutoreHeTM4eCKMn aHanmM3 HeonnoaoTBOPEH-
HbIX ooUMTOB YernoBeka. Lintonorus u reHetuka. 2003; 37(7):
60-5.

4. PenuH HB, Mapyenko JTH, l'oBopyxa TTI1, n gp. YnbsTpacTpykTy-
pa TKaHel nepvikapAa U CTBOPOK aopTaslbHOrO KnanaHa CBUHbM,
[EeB/TanM3npoBaHHbIX KPUO- U paanaLMOHHbIM BO3AENCTBMEM.
Mpobnembl kprobronorum n kpuomeauumnHbl. 2015;25(3):246—
54.

5. Xast CLU, bparnna EE, Kypuno J1®. YnerpacTpykTypHOe wuc-
crnefoBaHue cnepmMaTo3omioB Y NauneHToB C acTeHo300cnep-
Muen. Angponorus u reHuTanbHas xupyprus. 2012;13(4):54—
61.

6. Aizpurua J, Medrano L, Enciso M, et al. New permeable
cryoprotectant-free vitrification method for native human sperm.
Hum Reprod. 2017; 32(10):2007-15.

7. Afzelius B. Electron microscopy of the sperm tail results
obtained with a new fixative. J Biophys Bioch Cytol. 1959;
5(2):269-78.

8. Chemes HE, Rawe VY. The making of abnormal spermatozoa:
cellular and molecular mechanisms underlying pathological
spermiogenesis. Cell Tissue Res. 2010;341(3):349-57.

9. Chohan KR, Griffin JT, Carrell DT. Evaluation of chromatin
integrity in human sperm using acridine orange staining
with different fixatives and after cryopreservation. Androl.
2004;36(5):321-6.

10.Conklin B, Richter E, Kreutziger K, et al. Development and
evaluation of a novel decellularized vascular xenograft. Med
Eng Physics. 2002;24(3):173-83.

11.1sachenko V, lIsachenko E, Petrunkina AM, et al. Human
spermatozoa vitrified in the absence of permeable
cryoprotectants: birth of two healthy babies. J Reprod Fertil.
2012;24(2):323-26.

12.1sachenko V, Isachenko E, Katkov |, et al. Cryoprotectant-
free cryopreservation of human spermatozoa by vitrification
and freezing in vapor: effect on motility, DNA integrity, and
fertilization ability. Biol Reprod. 2004;71(4):1167-73.

32

fertilization may be used immediately after tha-
wing without cryoprotective medium removal.

This research was carried out within the frame-
work of the Program ‘Support for the Development
of Priority Areas of Scientific Research’ (Program
Classification Code of Expenditures and Crediting
6541230). To date, the study of DNA state and chromatin
dispersion in spermatozoa after cryopreservation by
different methods is planned.
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