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Optimization of Thawing Regimen for Cryopreserved Human
Sperm at Normo- and Pathospermia

Pecbepar: BHacnigok nowmpeHoro po3suTky SOMOMDKHUX PENPOAYKTUBHUX TEXHOMOTIN akTyanbHUM € BOOCKOHAaNEeHHs cnocobis
KpiOKOHCEpBYBaHHS cnepmiiB. Y poboTi 4OCNiAKeHO NoKa3HWKM MOPEOdYHKLOHaNbHOro CTaHy KPiOKOHCEPBOBAHUX CNEPMIiB MOANHN
B HOpMi Ta Mpu naTtonorii 3a pi3HNX cnocobiB BiAgTaBaHHA. YCi 3pasku BUTpPMMYyBanu Hag A3epKarioMm pigkoro as3oTy, nogarnbLuunii
HarpiB crnepmiiB 3giicHOBanu Ha BoAsHini 6aHi (37, 50, 60, 70°C) Ta BUTpMMyBanu 3a KiMHaTHOI TemnepaTypu A0 NOSBK piakoi dasu.
MopdodyHKLioOHanbHUIA CTaH cnepMiiB OLiHIOBaNu 3a iXHbOK PYXIMBICTIO Ta XMTTE3AATHICTIO, @ CTaH XPOMaTUHY — 3a [OMOMOroH0
aKpuanHy opaHxeBoro. BctaHoBneHo, Wo pexum BiaTaBaHHa npu 50°C (i3 nonepeaHboto iHKybaLlieto 3paskiB y napax piakoro asorty
(=150°C)) nicnsa kpiokoHCepByBaHHSA cnepMiiB 3a 3-eTanHol nporpamolo edekTuBHO 36epirae ix pyxnmBicTb 6€3 3MiH LinicHOCTI
MembpaHu Ta CTaHy HykneapHOro xpomaTuHy B HOpPMi Ta npu acTeHo3oocnepmii. BiaTaBaHHA 3paskiB nNpu KiMHATHIN TemnepaTypi
3a TUX Xe yMOB € HawWbinbll TpaBMaTUYHMM ANs CNepMiiB y BUNaaKy sik HOPMO-, TaK i acTeHO300CnepMii.

KnrouoBi cnoBa: cnepmii NoanMHU, KPiOKOHCEPBYBAHHS, BiATaBaHHS, PyXMBICTb, OEeKOHAEHCALIsA, XPOMaTUH.

PechepaT: Bcrneacrteve LUIMPOKOro pasBuTUS BCoOMOraTernbHbIX PeNpOAYKTUBHBIX TEXHOMOMMIA akTyanbHbIM SBNSETCA COBep-
LeHCTBOBaHMe cnocoboB KpMOKOHCEPBUPOBaHNS cnepMmueB. B paboTe nccnenoaHbl nokasateny MopdodyHKLMOHANbLHOIO COCTOS-
HWUSi KPMOKOHCEPBMPOBAHHBIX CMEPMUEB YerioBeka B HOPMe U C MaTonorven npu pasnuyHbix cnocobax oTTamBaHus. Bce obpasubl
BbIAEPXUBANU HaZ 3epKanoM XUAKOro a3oTa, AanbHEeNLWnn HarpeB CnepMUEB OCYLLECTBRANU Ha BoasaHon Gaxe (37, 50, 60, 70°C)
1 BblOepXXMBanu B yCNOBUSIX KOMHATHOW TemnepaTypbl 40 NosiBNeHus xuakon dassl. MopdhodyHKLMOHANbHOE COCTOSIHNE crepma-
TO30MA0B OLeHMBanu, NoAcYUTbIBas NMOABWKHOCTb M XU3HECNOCOBHOCTb, @ COCTOSIHME XPOMaTMHA KIeTOK — C MOMOLLBIO akpUanHa
OpaHXeBOro. YCTaHOBMEHO, YTO pexum oTTamBaHusa cnepmue npu 50°C (c npenBapuTenbHow uHKybaumen obpasuoB B napax
xupkoro asota (—150°C)) nocne KpMOKOHCEPBUPOBaHUS Mo 3-3TanHon nporpaMmmMe 3ddeKTMBHO COXpaHseT MX MOABMXHOCTL 6e3
N3MEHEHUN LieNoCTHOCTU MeMbpaHbl U COCTOSIHUSA HyKIleapHOro xpomaTuHa Npu HOpMO- M acteHo3oocnepmuun. OTTanBaHue
06pasLoB Npu KOMHATHOW TemnepaType B TeX Xe YCNoBuaX sBnseTca Haunbornee TpaBMaTUYHbIM ANS CNEPMUEB YernoBeka B CIy-
Yyae Kak HOpPMO-, Tak U acTEeHO300CMNepPMUM.

KniouyeBble cnoBa: cnepMumn YernoBeka, KpMOKOHCEPBUPOBaHWE, OTTauBaHue, NOABUXHOCTb, AEKOHAEHCaUUs, XPOMaTuH.

Abstract: Due to the widespread development of assisted reproductive technologies an actual task is to improve current
methods of sperm cryopreservation. We studied the morphological and functional states of the cryopreserved human sperm in normal
and pathological conditions at different regimens of thawing. All samples were maintained above the mirror of liquid nitrogen with
further heating of spermatozoa in a water bath (37, 50, 60, 70°C) or maintaining at room temperature until the liquid phase appearance.
Morpho- functional state of sperm was estimated by their motility and viability. Assessment of sperm chromatin was carried out using
acridine orange staining. It was found that a thawing regimen of sperm at 50°C (with pre-incubation of the samples in liquid nitrogen
vapor at —150°C) after sperm cryopreservation by three-stage protocol effectively kept their motility without the changes of membrane
integrity and nuclear chromatin state at normo- and asthenozoospermia. Thawing of sperm at room temperature under the same
conditions was the most traumatic for human sperm both at normo- and asthenozoospermia.

Key words: human sperm, cryopreservation, thawing, motility, decondensation, chromatin.

[lig yac HU3BKOTEMIIEPATYPHOI'O KOHCEPBYBaHHS
Ha pyXJIUBICTh, IIUTICHICTE MJIa3MaTHIHOT MeMOpaHu
Ta XUTTE€3MATHICTh CIEPMAaTO30iiB BILNIMBAIOTH
Oararo (hakTopiB, a came: CKJIaJl CEPEIOBHUINA KPIOKOH-
CepBYBaHH:I, CIIOCI0 MaKyBaHHS 3pa3KiB, 4ac 3aMOPO-
JKyBaHHSA # BintaBaHHs [2, 5, 6, 20].

TpaauuiiiHi pexXuMH BiATaBaHHS HE 3aBXKIU J103-
BOJISIFOTH OTPUMATH BUCOKI TIOKa3HUKH 30€peKeHOCTI
CIEpMIiB JIIOIWHH, TOMY icHYe morpeda B po3podui
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During low-temperature preservation many factors
such as composition of cryopreservation medium, the
way of packaging the samples, freezing and thawing
duration affect the motility, integrity of plasma mem-
brane and viability of sperm [2, 14, 18, 19].

Traditional thawing regimens do not always allow
to achieve high rates of human sperm survival, that is
why there is a demand to develop new approaches to
prevent mechanical damages of the cells, occurring
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HOBHX ITiIXOJIB JUIS YHUKHCHHSI MEXaHIYHHUX IIOII-
KOJPKEHb KJIITHH, 1K1 BAHUKAIOTh Ha €Tarll BiATaBaHHS.
30ibIIeHHS IIBUAKOCTI BiIIrpiBy MOXe Oy TH IepCIieK-
THUBHHUM JJ151 pO3pOOKH ONTUMATbHUX METOIB KP1OKOH-
cepByBaHHs1. [Ipobnema 30epexeHHs SIKOCTI CIIepMiiB
JIOAMHHM CTOCYETHCS EAKYJSATIB MPH MaToCHepMii,
OCKLIBbKHU B IAHOMY BUIAAKY MaIOTh MICII€ SIK 3HI)KCHA
PYXJIUBICTb, TaK 1 HU3bKE BiTHOBJICHHS KIITHH MicIs
KpiOKOHCEpBYBaHHSI.

[IBunKicTh BiAITpiBY CYTTEBO BIJIMBAE HA KUTTE-
3MaTHICTE criepMaro30iniB [17]. A.J. Dhami Ta criiBas.
[10] 3ampomnoHOBaNy pPEeKUMH BiITaBaHHS CIIEPMHU B
COJIOMHHKAX, SIKI BIAPIZHIIOTHCS 3a TeMIIEpaTypOro
BOZISHOI OaHi Ta TPUBAJICTIO HArpiBy. 3araJbHOIIPHIA-
HSATHM METOJIOM BiATaBaHHS CIIEPMH, 3aMOPOKEHOI B
COJIOMHHKAX, HE3aJISIKHO BiJl CEPEIOBHILIA KPIOKOHCEP-
BYBaHHS Ta IIBUAKOCTI OXOJIOMKEHHS, € BiITaBaHHA
Ha BozsHi# Oani npu 33...35°C npotsrom 3040 c [8,
16]. Byno nokazasno [7, 9, 12, 19], mo Oinblr BHCOKa
temneparypa HarpiBy (60...80°C) Moxe 10AaTKOBO
MTOKPAIIUTH PYXJHUBICTh criepMiiB. OgHAK IUX JaHUX
HEJIOCTATHBO JIJIsl OTPUMAaHHSI IIOBHOT KAPTHHH BIUTUBY
BHCOKHX TEMIIepaTyp BiirpiBy Ha criepMii JIIOAWHU.
Takox € aKTyaJIbHOO ONTHUMI3AIlisl CIIOCO0IB BiITaBaH-
HS KJIITHH K B HOPMI, TaK 13a yMOB IaTocnepMii, Kou
KIJIBKICTh 1 PYXJIHUBICTh CIIEPMATO30IiB CYTTEBO
3MEHUICHI, OCKUJIBKA BHCOKa TeMIEpaTypa MOXKe
HaKIle BIUIMBATH Ha 1X MOp(QOYHKIIOHATIbHUI CTaH,
30KpeMa reHeTUYHUH anapaT KIiTHH.

Merta po60TH — ZOCTIKEHHS BIUTMBY Pi3HUX PEXKU-
MiB BiITABaHHsI HA IOKa3HUKH MOP(POQYHKIIOHATIBHOTO
CTaHy KpiIOKOHCEpBOBAaHUX CIIEPMiiB JIIOAMHHU B HOPMIi
Ta IPH MaTOJIOT 1.

Marepianu Ta MeTOaU

Y po0oTi Oy10 TOCIIIKEHO 3pa3KU ESKYIISATIB 40JI0-
BiKiB-OHOpIB Y Billi Bix 20 g0 40 pokiB i3 HOpMO- Ta
acteHo3oocrepmiero. OiHKY eSKyIATy MPOBOAMIN
BianmoBiaHo 10 pexomenaanid BOO3 [21]. Esakynsar
30upanu MeTooM MacTypOalii B CTEpHIbHI YaIlKu
[leTpi abo O1o0KCcH i MEpEHOCHIM B TEPMOCTAT
(35...37°C) Ha 40-60 xB. Y 3pa3Kax CiepMH Bi3yanbHO
OIIIHIOBAJIH KUTBKICTh CIIEPMIiB 31 IIBUIKUM Ta TTOBLJIb-
HUM TPAMOJiHIHHIM pyxoM ((paxiis a+B), a TaKOK
noka3HuK pyxiuBocTi [1]. Kormenrpariito Ta pyxiu-
BICTb CIIEpMiiB BU3HAUYAIIH ITiT CBITIIOBUM MiKPOCKOTIOM
«MBU 15-Y» («JIOMO», Pocis).

3pa3ku KPiOKOHCEPBYBaAIH 33 A0MOMOIow0 4%-10
po3unny rminepuny («[lanExo», Pocis) 1 20%-1o
0MYadoTro CUPOBATKOBOTO anbOyMminy («PAA»,
Agcrpis). [Ticist 10—15-xBUnuHHOT eKkBimiOpallii 3 Kpio-
3aXMCHUM CEpeAOBHUIIEM KIITHHHY CYCIEH31I0 pO3-
¢acosyBanu no 0,5-0,7 mMa y moniMepHi TpyOOUKH
noBxrHOI0 70—80 MM, 30BHIIIHIM AiaMeTpoM 3,8 MM
i TOoBIIMHOIO cTiHOK (0,12 MM, repMeTH3yBaiu Ta Map-
kyBaju. OX0JIOKEHHS 3pa3KiB IPOBOIWIHN Bif 25 10

46

during thawing. The increase of warming rate may be
a promising approach for the development of optimal
cryopreservation methods. The problem of preserving
the quality of human sperm is of special need for the
pathospermic ejaculates, while the problems of both
reduced motility and low cell recovery after cryopre-
servation are on the top.

The warming rate significantly affects the sperm
viability [15]. A.J. Dhami et al. [6] suggested thawing
regimens for sperm in straws, which differed by water
bath temperature and heating duration. The conven-
tional method of thawing the sperm frozen in straws,
regardless of cryopreservation medium and cooling rate
is thawing in water bath at 33...35°C for 3040 sec [3,
13]. It was shown [1, 5, 9, 17] that a higher heating
temperature (60...80°C) could improve the sperm
motility. However, these data are insufficient to obtain
a full insight of the effect of higher warming tempe-
ratures on human sperm. Optimization of thawing
methods is also of importance not only for the normo-
spermic cells but even more for pathospermic ones,
where the number and motility of sperm are signifi-
cantly reduced; moreover, a higher temperature may
otherwise affect their morphological and functional
state, including genetic apparatus of cells.

The research aim was to study the effect of different
thawing regimens on the indices of morphological and
functional state of cryopreserved human sperm under
normal and pathological conditions.

Materials and methods

The research was performed in the samples of
ejaculates of males aged 20 to 40 with normo- and
asthenozoospermia. Ejaculate assessment was perfor-
med according to the WHO recommendations [21].
Ejaculate was collected by masturbation into a sterile
Petri dishes or weighing bottles and transferred to the
thermostat (35...37°C) for 40-60 min. The samples
were visually assessed for the amount of sperm with
fast and slow forward movement (fraction a+b) and
the motility rate [4]. Sperm concentration and motility
were determined using the light microscope MBI 15-U
(LOMO, Russia).

The samples were cryopreserved using 4% glycerol
(PanEko, Russia) solution supplemented with 20%
bovine serum albumin (PAA, Austria). After 10—
15-min equilibration with a cryoprotective medium the
cell suspension samples were packed into 0.5-0.7 ml
polymer tubes with a length of 70-80 mm, outer diame-
ter of 3.8 mm and a wall thickness of 0.12 mm, sealed
hermetically and marked. The samples were cooled
from 25 down to 4°C by means of incubation for 30 min
at 4°C, then were kept above a mirror of liquid nitro-
gen for 30 min. Thereafter the straws with the studied
samples were immersed into liquid nitrogen (—196°C)
and kept for 2 months 64 low-temperature bank.
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4°C msixoM iHKyOyBaHHs npotsiroM 30 xB nipu 4°C,
Jaii iX BUTPUMYBaJIH HaJ A3EPKaJIOM PiIKOTrO a3oTy
rpotsiroM 30 xB. [Ticist I-OTO COTOMHHKH 3 JOCLTHAM
MaTepiaioM 3aHypIoBaiu y pinkuit a3ot (—196°C) Ta
30epirajy mpoTIroM 2-X MICSIIB B YMOBaX HU3bKOTEM-
MepaTypHOTO CXOBHIIA.

[lepen po3mMopoXyBaHHSIM yci 3pa3Kd BUTPUMY-
BaJI HaJ A3EPKAJIOM PiJIKOTO a30Ty MPOTATOM 15 XB
JUTS KOMITeHcarii TepMonpy>kHoi Harpyru [ 13, 14]. Tlo-
JABIIUI HArpiB CriepMiiB 37iICHIOBANIN Ha BOISHIN
0aHi 3a pi3HUX TemIeparyp (KOHTpoJbHa rpyna—37°C,
rpymna 1 —50°C, rpyna 2 — 60°C, rpyna 3 — 70°C) ta 3a
KIMHaTHOI TeMneparyp (rpymna 4) 10 IosiBH pikoi dazu.

MopdodyHKITioHaTBHIH CTaH CIIEPMITB OLIHIOBAITH
yepe3 30 xB, 1, 2, 3 rogunu.

XKurrezgaTHicTs criepMiiB miapaxoByBaId B Ma3-
Kax, moapOOBaHUX €03UH-HITPO3HUHOM [22], IIISIXOM
BHU3HAYCHHSI TIPOIICHTHOTO CITiBBITHOIIICHHS KHBUX 1
MEpTBUX KJITHH; Y Ipenapari roliBKH )KHBHUX CIIEPMIiB
3anumanics He3abapBICHUMH, a TONIBKH MEPTBHX
3a0apBITIOBANIACS €O3UHOM Y pokeBHit koiip. Jlocimi-
JDKYBaHI TIOKa3HUKHU CIIEPMIiB JIFOWHU BU3HAYAIIU B
YMOBaX Pi3HUX PEKHUMIB BiITaBaHHSI.

O1iHKy CTaHy XpOMaTHHY CHEpPMiiB IPOBOAMIIH 3a
JIONIOMOTO10 aKpHAHHY oparxeBoro (AO), sikuit ¢uryo-
PECLIIOE 3eJICHUM KOJIbOPOM ITPH 3B’ 13yBaHHi 3 TOBIH-
nuMm nanmrorom JJHK, i wepBoHum, xonu OapBHUK
3B’SA3Y€THCS 3 OAUHUYHUM JIAHIIOTOM JEKOHICH-
cosanoi JIHK. s mpuroryBanHs Ma3kiB 1 M1 criepMu
BiZIMHUBaH B 3—5 MJI po34MHY X€HKca, /IBidi IIEHTPH-
(dhyrysamm ipu 834g npoTsrom 5 XB. BizicoTok criepmiiB
13 KOHJICHCOBAaHMM XPOMAaTHHOM Y Ma3Kax BU3HAYAIN
3a JOTIOMOTOI0 (IYOPECIIEHTHOTO MiKpockoma «In-
verso Epi-Fluor» («CETI», benbris).

CraructuuHy 00poOKy pe3yJIbTaTiB 10CIiIKeHHS
npoBorIIH 3a fortoMororo «Excel 2007» («Microsofty,
CILIA).

Pe3yabTaTn Ta ix 00roBopeHHs

KpiokoHCepBYyBaHHS CIEpPMiiB MPOBOIMIN 3a
3-eTaIrmHoI0 MPOTrPaMOIO0 IIITXOM OXOJIOKEHHS 1X Bif
25 10 4°C, mogaapIIoi0 BUTPUMKOIO Y TTapax piIKoTo
a30Ty Ta 3 HACTYIHHUM 3aHyproBaHHAM. lle# crocio
JIO3BOJISIE 30€PETTH CIIepMii JIFOAMHN B HOPMI Ta MIPH
ACTEHO300CTIepMii 3 BHCOKMMU IMTOKa3HUKAMH KUTTE-
3IATHOCTI Ta pyXJHMBOCTI [5]. 3aranbHONPUAHATUM
CIIoco0OM JIEKOHCEPBYBaHHS 3pa3KiB CIIEPMIiB JTIOANHA
€ BiJITaBaHHs Ha BOJIsHIH OaHi 3a Temnepatypu 37°C,
yac BiJITaBaHHs B I[bOMY BHIIQJIKy IJIs 3pa3KiB, 10
30epiranuch y pigkomy a3zori, ckinaaae 20 c. [Tig uac
3acTocyBaHHs BoJsAHOI OaHi mpu 50°C 1eii NoKa3HUK
mopieHIoBaB 13 ¢, mpu 60°C — 10 ¢, mpu 70°C — 8 c.

[Tepmmm etarrom po6oTH OyIT0 JOCTiIKEHHS BILTH-
BY PEKHMY BiATaBaHHS Ha PYXJIUBICTEH CIIEPMIiB IIPH
HOpMO300cHepMii Ta maronorii. OTpuMaHi pe3yibTaTHy,
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Before thawing all the samples were kept above a
mirror of liquid nitrogen for 15 min to compensate
thermostatic pressure [10, 11]. Later the sperm was
warmed in water bath under different temperatures
(control group —37°C, group 1 —50°C, group 2 — 60°C,
group 3 — 70°C) and at room temperature (group 4)
until appearance of liquid phase.

Morphological and functional state of the sperm
was evaluated after 30 min, 1, 2 and 3 hrs.

The spermatozoa viability was evaluated in the
smears stained with eosin-nigrosin [22], by determining
the percentage of vital and dead cells. In the smear
the vital sperm heads were unstained and the ones of
dead sperm were pink stained. Investigated human
sperm indices were determined under various thawing
regimens.

The sperm chromatin state was assessed using
acridine orange (AO), which fluoresces green when
binding with double-chain of DNA and red when the
dye binds to a single chain of decondensed DNA. To
prepare the smears 1 ml of sperm was washed with
3-5 ml of Hanks’ solution, twice centrifuged at 834g
for 5 min. The calculation of stained sperm in the
smears was done using Inverso Epi-Fluor fluorescent
microscope (CETI, Belgium) and the value was
expressed in percents.

The research results were statistically processed
by Excel 2007 software (Microsoft, USA).

Results and discussion

Sperm were cryopreserved using 3-stage protocol:
cooling from 25 down to 4°C, keeping in liquid nitrogen
vapours and following plunging. This method allowed
to preserve a high viability and motility in human sperm
both at normo- and asthenozoospermia [14]. The
conventional method of human sperm samples’ thawing
is warming in water bath at the temperature of 37°C,
in this case thawing period of the samples in straws
stored in liquid nitrogen made 20 sec. When applying
the water bath of 50°C this index was 13 sec, at 60°C
it was 10 sec and at 70°C this value made 8§ sec.

The first stage of the research was to study the
effect of thawing on sperm motility at normozoospermia
and pathology. The findings presented in Fig. 1 have
shown that after applying the conventional regimen of
sperm samples thawing (control) the motility was
(43.4 £1.2)%. Following 30 min post thaw in groups 1
(50°C), 2 (60°C) and 3 (70°C) the indices of motility
were significantly higher relative to the control. During
further observation (1-3 hrs) a reduction of this index
was found in groups 2 (60°C) and 3 (70°C) down to
the control values. Herewith the index of spermatozoa
motility in the samples warmed at 50°C remained
significantly higher comparing to the control and other
experimental groups during the whole observation
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MpeacTaBieHi Ha puc. 1, cBiguaTh, IO MiCIsA 3aCTO-
CYBaHHS CTaHIAPTHOTO PEXHUMY BiTaBaHHS 3pa3KiB
CIepMiiB (KOHTPOJIb) TOKa3HUK PYXJIMBOCTI CTAHOBHB
(43,4 £ 1,2)%. Iicns BinraBanus B rpynax 1 (50°C),
2 (60°C) Ta 3 (70°C) mix gac ciocTepeKeHHS TPOTS-
roM 30 XB MOKa3HUKHU PyXIUBOCTI OyJIM CTATHCTUIHO
3HAYHO BUINKUMH BiIHOCHO KOHTpoufo. [Ipotsrom
MIOAIBIIIOTO MociimkeHHs (1-3 rogwmam) croctepi-
TaJIOCh 3HWKEHHSI IIHOT0 ITOKa3HuKa B rpymax 2 (60°C)
ta 3 (70°C) mo piBHS KOHTPOJBHHUX 3Ha4eHb. lIpu
LBOMY TIOKa3HUK PYXJINBOCTI CIIEPMaTO301/1iB Y 3pa3-
Kax CIepMiiB, siki Oynu Biairpiti npu 50°C, 3anummascst
3HAYYIIO0 BULIUM IIPOTATOM YCHOT'O CTPOKY CHIOCTEpe-
KCHHS BITHOCHO KOHTPOJIO Ta 1HIIMX €KCIIEPHUMEH-
TaNbHUX IPYIL. Y 3pa3kax, sSKi BiATaBa M 3a KIMHATHOT
TeMIepaTypH, MOKa3HUK PYXJIHMBOCTI CHEpMiiB He
BiApi3HABCS BiJ KOHTPOJIBHHUX 3HAYEHH MPOTITOM
YChOTO CKCIIEPUMEHTY.

[Ticns BigTaBaHHS 3pa3KiB CIIEPMiiB 3 aCTE€HO300-
cnepmiero mpu 50°C mpoTSIroM yChoro CTPOKY CIIOCTe-
PEXKEHHS CIIOCTEpirajoch MiABUIIECHHS KUTBKOCTI
KJIITHH 31 MIBHAKUM Ta TMOBUIBHUM MPAMOJIIHIHHAM
pyxom. Ilicns 30 xB Ta 3 roauH iHKyOaLii MOKa3HUK
ITiIBUIIYBaBCS BiTHOCHO KOHTpouro Ha (2,0 = 0,6) Ta
(2,2 + 0,6)% criepmiiB pakuii «a+B» BiAMOBITHO.

Bincotok criepMiiB 31 IIBUAKAM Ta HOBUIEHUM Mpsi-
MOJTiHITHUM PYXOM Y 3pa3Kax, BiAirpiTHX 3a KIMHaTHOL
TeMIIepaTypH, 3aJTUILIABCS 3HATYILO HIXKIUM BiJTHOCHO
KOHTPOJTIO Ta 3HAYCHB 1HIITNX EKCIIEPHMEHTATEHHUX TPYIT
MPOTATOM YChOTO €KCIIEPUMEHTY.

Hactymaum etamom poOOTH OYIIO O CIiHKEHHS
BIUTMBY IIBUAKOCTI BiZIirPiBY HA )KUTTE3NATHICTH KIIITHH
y KoHTpodi Ta rpynax 1 (50°C), 2 (60°C), 3 (70°C) Ta
4 (kiMHaTHa TemIieparypa), IKy BU3Ha4aJH 3a J0TO-
Mororo 3abapBieHHs eo3uHOM. OTpUMaHi JaHi 3 BU-
3HAYCHHSI BIJICOTKA CIIEPMATO30i/IiB i3 HEYLIKOPKEHOIO
MeMOpaHOI IMiclisl 3aMOPOKYBAHHS-BiATaBaHH S
HaBe/ICHO Ha puc. 3 Ta 4.

KutrezaaTHicTh KIITHH y BUIIAJKY HOPMO300CTIep-
Mii ImiciIsT 3aMOpOKYBaHHS Ta BigTaBaHHs mpu 37°C
cranoBmia (91,3 + 2,3), acrernozoocnepmii — (81,6
2,2)%. BinraBanus 3paskiB rpymu 1 (50°C), 2 (60°C)
ta 3 (70°C) sx mpu HOPMO-, TaK 1 aCTEHO300CTIePMIii
HE 3MIHIOBAJIO0 KUTBKOCTI CIEPMIiB i3 YIIKOIHKEHOIO
MeMOpaHOIO B IOCTIIKEHHUX 3pa3Kax.

[Tig yac 3acTocyBaHHs peXXUMY BiITaBaHHS 3pa3-
KiB 3a KIMHaTHO1 TEMIIEpaTypu criocTepiranocs 301i1b-
LIEHHS KUTBKOCTI criepMiiB i3 mpogapOoBaHUMHU TOJTiB-
kamu Ha 8,6% BiTHOCHO KOHTPOJIIO, TOYMHAIOUH 3
MepuIoi TOAMHN EKCIIEpUMEHTY. Taka TeHIeHLis Bi-
3Hayajiacs i y BUIAAKy acTeHO300CHepMii.

OTpumaHni aHi CBiAYaTh, MO BiATaBaHHS 3pa3KiB
Ha BOJsHIN Oani 3a Temmeparypu 50°C migBumrye
KUTBKICTh aKTHBHO-PYXOMUX CTIEPMIiB Ta HE IOPYIIyE
MUTICHOCTI MeMOpaHU TOJIIBKH CITEPMIiiB IICIISI 3aMO-
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Puc. 1. PyxnusicTb cnepMiiB NognHM Npy HOpMO30ocnep-
Mii micnsa KpiokoHCepBYBaHHS Ta HACTYMNHOrO BiATaBaHHS:
O - koHTponb, 37°C; O — BiaTaBaHHA npu 60°C; M —
BiATaBaHHA 3a kiMHaTHOi TemnepaTypuw; B — BiaTaBaHHA
npu 50°C; A4 - BigTaBaHHA npu 70°C; * — cTaTUCTUYHO
3Ha4yLla pi3HULUSA Y NOPIBHAHHI 3 KOHTponem, p < 0,005.

Fig. 1. Motility of human sperm at normozoospermia after
cryopreservation and following thawing: O — control, 37°C;
O - thawing at 60°C; M- thawing at room temperature;
B - thawing at 50°C; &4 — thawing at 70°C; * — statistically
significant difference if compared with the control, p < 0.005.

period. In the samples thawed at room temperature,
the index of sperm motility did not differ from the
control values throughout the experiment.

After thawing the sperm samples with asthenozoo-
spermia at 50°C an increase in the number of cells
with fast and slow forward movement was observed

PyxnuBicTb, %
Motility, %

1 2
TepMiH criocTepexXeHHs:, roanHN
Observation term, hrs

Puc. 2. PyxnusicTb cnepmiis NognHU Npu acTeHo300cnep-
Mii NiCNs KpiOKOHCEPBYBAHHSA Ta HACTYMHOrO BigTaBaHHS:
O - koHTponb, 37°C; O — BiaTaBaHHA npu 60°C; M —
BiiTaBaHHA 3a KiMHaTHOI TemnepaTypw; B — BiaTaBaHHA
npu 50°C; 1 - BigTaBaHHsA npu 70°C; * — cTaTUCTUYHO
3Ha4yLla pi3HULUSA Y NOPIBHAHHI 3 kKOHTponem, p < 0,005.

Fig. 2. Motility of human sperm at asthenozoospermia af-
ter cryopreservation and following thawing: O — control,
37°C; O - thawing at 60°C; B — thawing at room tempera-
ture; B - thawing at 50°C; & — thawing at 70°C; * — statisti-
cally significant difference if compared with the control,
p < 0.005.
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Puc. 3. X)KuttesgaTtHicTb cnepmiiB NtognMHU Npy HOPMO300-
crnepMmii nicns KpioKOHCepBYBaHHA Ta HACTYNHOro BiaTa-
BaHHs: [ — koHTponb, 37°C; O - BiaTaBaHHs npu 60°C;
M — BigTaBaHH4 3a KiMHaTHOI Temnepatypu; B — BiaTaBan-
Hsa npu 50°C; A — BigTaBaHHa npu 70°C; * — cTaTUCTUYHO
3HayyLla pi3HMLSA Yy NOPIBHAHHI 3 KOHTporneM, p < 0,005.

Fig. 3. Viability of human sperm at normozoospermia after
cryopreservation and following thawing: O0 — control, 37°C;
O - thawing at 60°C; M — thawing at room temperature; H —
thawing at 50°C; &4 — thawing at 70°C; * — statistically signifi-
cant difference if compared with the control, p < 0.005.

POXyBaHHS-BiITaBaHHA B IOPIBHAHHI 3 IUMH MTOKa3HU-
KaMM y TPyl KOHTPOJIIO Yy BUMAAKy HOPMO- Ta
acTeHo300cmepMii. Y TOH jke 4ac 3acTOCYyBaHHSI PEKH-
MiB BiaTaBanHs 60 Ta 70°C 3HMKY€ IOKA3HUKU PyXJIU-
BOCTI CIIEpMiiB, aje He BIUIMBAE HA XKUTTE3AATHICTD
KJIITHH SK NPU HOPMO-, TaK i acTeHO300CHepMii.
[NoBinbHUI pesKUM BiTaBaHHS 32 KIMHATHOI TeMIiepa-
TYPH € HalOLIBII TPAaBMAaTUIHUAM TS CTICPMIIB JIFOUHU
AK y HOpMI, TaK 1 3 IaTOJIOTIEIO.

JLtst mocotiKeHHS BIDTUBY PEKMMIB BiITaBaHHS HA
CTaH SIIEPHOTO XPOMATHHY CIIepMiiB Oylia mpoBe/ieHa
cepisl eKCIIepUMEHTIB 13 BUKOPHUCTAHHIM JIOMiHEC-
nentHoro 6apBHUKa AO, QIIyopoXpoM SKOTO BOYHO-
ByeTbes y noaiitHmid nanmror JIHK sk MmoHOMEp, B
OJMHApHY HUTKY — sIK arperar. MoHomepauid AO y
Henomkomkeniii JIHK dmyopecuiroe 3eneHnM Koabo-
poM, y Toil uac sik arperoBanuii AO — uepBoHuUM [4].

Y 3pa3kax i3 HOpMO- Ta aCTEHO300CTISPMI€FO MiCIIs
KpiOKOHCEPBYBaHHS KiJIbKICTh CIIEpMiiB 13 HEIIOLIKO-
mxenoro JIHK (3ermene cBiTiHHS) CKIIamae B KOHTPOIb-
Hiit Tpymi (83,5 £ 5,0) 1 (76,0 = 3,0)% BiamosimHO
(Tabnuus). BukopucTaHHs peXUMIB BiATaBaHHS IPH
50, 60 Ta 70°C HE MPU3BOAIO 0 3HATYIIUX 3MIiH
JOCTIJKEHOTO TOKa3HUKa y KPiOKOHCEPBOBAHUX
3pa3Kkax CHEepMiiB IPH HOPMO- Ta aCTEHO300CTEPMil
BiTHOCHO KoHTpoto. [Ticist BinTaBaHHS 3pa3KiB criep-
MiiB 32 KIMHATHOI TeMIlepaTypH BiA3Ha4aJI0Ch 3HAUHE
3MEHILIEHHS KUTBKOCT1 KJIITHH 13 KOHIEHCOBAHUM XPO-
MaTHHOM, 1110 BKa3y€ Ha MMiIBUIIEHH BiZICOTKA CIep-
MiiB 13 HOpYIIEHHSIM T€HETHYHOTO anapary Ha 22%.
O.A. Bopo6iioBa Ta criiaBT. [3] y poO0Ti BHKOPUCTO-
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Puc. 4. )KuttesgaTHicTb cnepmiiB NIFOOUHN NPY aCTEHO300-
cnepMii nicnsi KpiokoHCepBYBaHHA Ta HACTYMHOro BiaTa-
BaHHsa: [ — koHTponb, 37°C; O - BiaTaBaHHa npu 60°C;
M — BigTaBaHHS 3a KiMmHaTHOI TemnepaTtypw; B — BiaTaBan-
Hs npu 50°C; K4 — BiaTaBaHHs npu 70°C; * — cTaTUCTUYHO
3Ha4yLla pi3HULUSA Y NOPIBHSAHHI 3 kOHTponem, p < 0,005.

Fig. 4. Viability of human sperm at asthenozoospermia af-
ter cryopreservation and following thawing: O — control,
37°C; O - thawing at 60°C; l — thawing at room tempera-
ture; B — thawing at 50°C; A — thawing at 70°C; * — statisti-
cally significant difference if compared with the control,
p < 0.005.

through the observation time. After 30 min and 3 hrs
of incubation the index increased vs. the control by
(2.0 £ 0.6) and (2.2 + 0.6)% as for the ‘a+b’ sperm
fraction, respectively.

The percentage of sperm with fast and slow
forward movement in the samples warmed at room
temperature remained significantly lower vs. the
control and the values of other experimental groups
through the experiment.

The next stage was to study the effect of warming
rate on cell viability in the control and in groups 1
(50°C), 2 (60°C) and 3 (70°C) and 4 (room tempe-
rature), assessed by eosin staining. The data on deter-
mining the content of sperm with intact membrane after
freeze-thawing are shown in Fig. 3 and 4.

Cell viability at normozoospermia after freezing and
thawing at 37°C was (91.3 + 2.3) and at asthenozoo-
spermia it made (81.6 £2.2)%. Thawing of the samples
of the groups 1 (50°C), 2 (60°C) and 3 (70°C) both at
normo- and asthenozoospermia did not alter the
number of sperm with damaged membrane in the
investigated samples.

Applying thawing regimen of samples at room
temperature resulted in an increase in sperm amount
with the stained heads by 8.6% compared to the control
after the first hour of the experiment. This tendency
was observed at asthenozoospermia as well.

These data suggest that the thawing of samples in
water bath at 50°C increases the amount of actively
moving sperm and does not affect the integrity of
sperm head membrane after freeze-thawing vs. the
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CTaH HykreapHOro XxpomaTtuHy crnepMiiB NoguHn nicns
KPIOKOHCEPBYBaHHSI Ta HACTYMHOrO BiATaBaHHS

State of nuclear chromatin of human sperm
after cryopreservation and following thawing

indices in the control group at normo- and
asthenozoospermia. At the same time the
use of thawing regimens at 60 and 70°C
reduces sperm motility indices, but does

Tpyna Hopmosoocnepwmin ActeHosoocnepmin not affect the cell viability both at normo-
Group Normozoospermy Asthenozoospermy . .
and asthenozoospermia. Slow thawing
Kgg;rt)g}b( :;?7’70(:)0) 83,5+1,3 76411 regimen at room temperature is the most
traumatic for human sperm not only for
Criprm; ! ggog; 79.1+1,4 77.5+1,2 normo- but pathospermic cells as well.
To investigate the effect of thawing
E‘?ZEE 2 iggzg; 79.841,5 76,3+1,3 regimen on the state of sperm nuclear
chromatin we carried out the series of
g’r\éﬂg 3 gg‘;‘é’) 84,5+1,3 81,0+1,1 experiments using AO fluorescent dye,
fluorochrome of which is intercalated into
. lpyna 4 DNA double chain as monomer, and as
(kimHaTHa TemnepaTypa) 621+15* 628+11* . .
( Group 4 ) AEth eEL an aggregate into a single-stranded one.
room temperature . .
P Monomeric AO in undamaged DNA

*

MpumiTka:
p <0,005.

Note: * — the differences are statistically significant if compared with the control,

p < 0.05.

BYIOTh CTaH HYKJICAPHOTO XPOMATHHY CIIEPMIiB SIK
SIKICHHH TIOKa3HUK 3aILTiTHIOI0YO01 3ITaTHOCTI KP1OKOH-
CEPBOBAHUX YOJOBIYMX TaMET.

Bimomo, 1o y BHMagky MOBUIBHOTO BiJTaBaHHS
3aMOPOKEHHUX KIITHH BiI0yBalOThCS 3HAYHI MEXaHIUHi
MOUIKOPKEHHS! CTPYKTYPH KIIITHH, Y TOMY YMCIIi i IpH
pekpucrTanizanii K BHYTPIIIHbOKIITHUHHOTO, TaK i
nmo3akiTHHHOTO JhoAy [18]. Takoxk mix yac MOBiNb-
HOTO BiTaBaHHA CIIEPMiiB BiZOyBa€eThCS BKIIOUCHHS
YaCTHUHHM PiAKOT a3u T0 KPUCTATIYHOI CTPYKTYPH, IO
CYTIPOBOKYETHCS T IBUIIICHHSIM KOHIICHTpAIlii 11o3a-
KIIITUHHUX PO3YHHIB. Y 30HI (a30BUX MEPETBOPEHB
CIIOCTEPITa€THCS PEKPUCTATIZAITISA, IKY BiTHOCSTH 110
(baxTOPIB MOMIKOMKEHHS. Y PI3HUX MICIIIX 3pa3Ka Kili-
TUHH BiIrPIBAIOTHCS 3 PI3HOIO IMBHUKICTIO. BCi KITiTHHH
Yy TJIMBI 10 INBUAKOCTI HArpiBy Ha €Talli BiATaBaHHS.
L5 3a51€KHICTE MOXKE TIOCHIIIOBATHUCS Y IPUCYTHOCTI
KpionpotekTopiB [11, 15], ockinbKy BBeACHHS Kpio3a-
XHCHUX PEYOBHH € MPUUMHOIO TOAATKOBUX (Pa3oBUX
MEPETBOPEHb.

3a yMOB MiABHIIICHHS MIBUJKOCTI HarpiBy MOKHA
VHHKHYTH BUILE 3a3HAUCHUX MTOIITKO/KEeHb. J{iis oTpu-
MaHHSI BHCOKHUX MTOKa3HUKIB MOP(PO(DYHKITIOHATIBHOTO
CTaHy KJITHH MiCIs KPIOKOHCEPBYBAaHHS Ba)KIMBO
JIOTpUMYBaTHCS e(hEeKTHBHOTO CITIBBiTHOIICHHS PEXH-
MiB OXOJIO/DKEHHS Ta HarpiBy. ToMy B TOCIIIKEHHAX
ITiJT 9ac BUKOPHUCTAHHS 3-€TalHOi IporpamMu 3aMopo-
KyBaHHsI 3 1HKyOali€io B mapax piJKoro a3oTy nepex
Oe3nocepeHIM 0XoomKeHHIM 10 —196°C Mu 3acTo-
COBYBAJIM PEXHM BiATaBaHHS 3pa3KiB CIEpMiiB Ha
BO/IIHIN OaHi 3 MONEpeHbOI0 iIHKYyOaIli€ro X y mapax
piakoro a3ory.
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— CTATMUCTMYHO 3Hauylla Pi3HUUS Yy MOPIBHSAHHI 3 KOHTpoOnem,

fluoresces green, while the aggregated
AO has red fluorescence [8].

After cryopreservation in the samples
with normo- and asthenozoospermia the
amount of spermatozoa with intact DNA
(green fluorescence) in the control group
was (83.5£5) and (76.0 + 3)%, respectively (Table).
Use of thawing regimens at 50, 60 and 70°C did not
lead to significant changes of the studied index in
cryopreserved sperm samples both at normo- and
asthenozoospermia relative to the control. After
thawing the sperm samples at room temperature a
significant reduction in the number of cells with
condensed chromatin was revealed, which indicated
the rise in content of the sperm with impaired genetic
apparatus by 22%. O.A. Vorobyova et al. [20] repor-
ted the state of nuclear sperm chromatin as a proper
qualitative indicator of fertilizing ability of cryopre-
served male gametes.

It is known that slow thawing of the frozen cells
results in significant mechanical damages of cell
structure, occuring during re-crystallization of both
intracellular and extracellular ice [16]. Moreover, the
slow sperm thawing is accompanied by an inclusion of
a liquid phase to crystalline structures, resulting in
increasing concentrations of extracellular fluids. In the
area of phase transitions a re-crystallization is
observed, which is one of the damaging factors.
Different parts of the sample are characterized with
various rates of cells warming. All the cells are
sensitive to heating rate during thawing. This
dependence can be even increased in the presence of
some cryoprotectants [7, 12], since the introduction of
cryoprotective agents is a cause of additional phase
transformations.

Increasing of the heating rate could facilitate the
avoidance of above mentioned damages. To obtain high
indices of morphological and functional state of the
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BucnoBknu

Taxum unHOM, pexuM BiaraBanas npu 50°C mo-
3BoJIsI€ eheKTUBHO 30epirat MopdodyHKIIOHATBHI
BJIACTUBOCTI CHEPMIiB JIIOOUHU (PYXJIUBICTH KIITHH 0€3
3MIiHHU IUTICHOCTI MEMOpaHH Ta CTaHy HYKJICapHOTO
XpOMAaTUHY) Y BUIAJKY SIK HOPMO-, TaK 1 aCTEHO300-
cnepMii. PexxumM BinTaBaHHS 3a KIMHATHOI TeMIepa-
TYPH € HAaHOLIBIII TPAaBMATUIHUM JJTS CTIEPMIiB JIFOMUHU
[IpH HOPMO- Ta MATOCIIEpMil.
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cells after cryopreservation it is important to maintain
the effective ratio of cooling and heating regimens.
Our studies utilized the 3-stage freezing protocol with
an incubation in liquid nitrogen vapours prior to cooling
down to —196°C and therefore the thawing regimen
of sperm samples in water bath was advanced by an
incubation in liquid nitrogen vapours.

Conclusions

Thus, thawing regimen at 50°C allows to preserve
effectively the morphological and functional properties
of human sperm (cell motility without changes in cell
membrane integrity and state of nuclear chromatin) at
normo- and asthenozoospermia. Thawing regimen at
room temperature is the most traumatic for human
sperm at normo- and pathospermia.
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