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HpI/IBBHCHLI pe3yJabTaThl aHAJIW3a BIIUAHUSA PA3JIMIHBIX CKOpOCTCfI 3aMOpaKxuBaHus Ha MOpq)OJ'IOFI/I‘IBCKyIO COXpaHHOCTb U

(PEPMEHTATHBHYIO aKTHBHOCTH CIIEPMHUEB Y€JIOBEKA. [10Ka3aHo, 4To MpH 3aMOPAKMBAHUHM TI0 TIPOTPAMME H CO CKOpoCThio 2500°C/Mun

COXpaHAKOTCA aKTUBHOCTb aKPO3MHA U CTPYKTYpHAs LCIOCTHOCTD CIICPMUCB.
Knioueswie cnosa: CIICPMUU YCJIOBCKA, KPUOKOHCEPBHUPOBAHUEC, aKPOCOMA, aKPO3HUH.

HaBeneHo pesynbraTd aHallidy BIUIMBY Pi3HHMX IIBHUAKOCTEH 3aMOPOXXKYBaHHS Ha MOP(OJOTiuHY LiTIiCTh i GepMEeHTaTUBHY

aKTHBHICTB criepMiiB iropunu. [TokasaHo, 10 TpY 3aMOPOKYBaHHi 3a IIpOrpaMoro i 3i mBuakicTio 2500°C/xB 36epiraloThest aKTUBHICTh

aKpO3iHy 1 CTPYKTypHA LITICTh CHEPMIiB.

Knrwwuoei cnosa: cniepmii T0IuHA, KPIOKOHCEPBYBaHHS, aKPOCOMa, aKpO3iH.

There have been presented the results of the analysis of various freezing rates effect on morphological integrity and enzymic
activity of human spermatozoa. It has been shown that during freezing with the program and with the rate of 2500°C/min the acrosin

activity and structural integrity of spermatozoa are kept.
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B cniepmusix genoBeka Hanbosnee TyBCTBUTEIHHBI
K TEMIEepaTypHOMY BO3JEHCTBHIO aKpOCOMAIbHAS U
MUTOXOHJpHANbHAS CTPYKTYpHl. B mpormecce kpuo-
KOHCEPBHPOBAHUA, 110 JAHHBIM JIEKTPOHHON MUKPO-
CKOIIMH, TIPH COXPAaHEHUHU XOPOIIEH MOIABMKHOCTH
ObLTH HallICHbI 3HAYUTENIFHBIE TOBPEKAECHHS aKPOCOM
CIIEpMHEB B BU/Ie HA0yXaHUsl, Pa3pbIXJICHHs, pa3phIBOB
U OTCIIauBaHUS aKpPOCOMAaJbHBIX MeMOpaH [7].
[HomBrxHOCTB cCIepMUEB ¥ MOP(OIOTrHYECKas OLICHKA
raMeT, B YaCTHOCTHU aKpOCOM, HE AAI0T MOJIHOIO
MpeaCcTaBiIeHUs 0 PepTUIBHOCTH CIEPMHEB. AKpO-
coMa CIIEPMHUEB YeIOBEKa UMEeT OOJIbIIOe 3HAUEHUE
B OIUIOAOTBOPEHWHU KaK in vivo, TaK W in Vitro,
MTOBPEKACHNE TAHHOTO Y9aCTKa KJIIETOK 9acTO BIIEUET
3a co00H BBIXOJ aKpOCOMallbHBIX (EepMEHTOB.
OcHOBHBIM (EPMEHTOM B CHEPMHAX HeOBEKa
ABISIETCS aKpPO3WH — YHHUKalIbHAs HEUTpalibHAas
nporenHas3a. OH pacrosiaraeTcs B aKpoCOMaJIbHON
00J1acTH TOJIOBKH CIIEpMHEB Ha BHYTpEHHEH MeMOpaHe
B ¢opMe HeaKTUBHOTO (pepmeHTa (MIPOAKpPO3UHA),
KOTOPBII IIPH BBICBOOOXKICHUHN U3 aKPOCOMBI ITPEBpa-
maercst B akpo3uH [8]. MOKHO MpeAnonokuTh, 4To
00111ast aKTUBHOCTH aKPO3HMHA B 3SKYJISTE 3aBUCUT OT
KOJIMYECTBA B HEM CIIEPMHEB C HHTAKTHBIMH aKpOCO-
MaMHd. bpuTo mokaszaHo, 4TO aKTHBHOCTH aKpO3WHA
BBICOKO KOPPETUPYET C YaCTOTON OIIIIOOTBOPEHHUS [5].

Lenp taHHOTO HICCTIeIOBAHUS — N3YYECHUE BINSIHUS
Pa3IMYHBIX PEKUMOB 3aMOPaKMBaHISI HA aKTUBHOCTD
aKpo3MHA U MOP(OIOTHUECKYIO0 COXPAHHOCTh CIIep-
MHEB YeJIOBEKA.

Acrosomal and mitochondrial structures in human
spermatozoa are known to be the most sensitive to
temperature effect. According to the electron
microscopy data, significant damages of spermatozoa
acrosomes such as swelling, loosening, ruptures and
exfoliation of acrosomal membranes were noted during
cryopreservation together with a high motility [7].
Sperm motility and morphological evaluation of
gametes, in particular, acrosomes, do not present a
complete notion about the spermatozoa fertility. An
acrosome of human spermatozoa is of great importance
during fertilisation both in vitro and in vivo, the damage
in this part of cells often causes the release of acrosomal
enzymes. Acrosin being a unique neutral proteinase
is known to be the major enzyme in human sperm. It
is located in acrosomal part of spermatozoa head on
an internal membrane as a form of inactive enzyme
(proacrosine), which during the release out of an
acrosome turns into acrosin [8]. It may be supposed
that total acrosin activity in ejaculate depends on the
number of spermatozoa with intact acrosomes in it. It
has been demonstrated that acrosin activity highly
correlates with fertilisation rate [5].

The studying of the effect of various freezing
regimens on an acrosin activity and morphological
integrity of human spermatozoa was the aim of the
work.

For the present study there have been used 46
ejaculates taken from males with normospermia in
3-4 days of continence. The samples were put into
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s uccnenoBaHmsl UCIIONIB30BATH 46 DSIKYIISTOB,
MOJTyYEHHBIX Y MYX4YUH C HOPMOCIIepMHeHn mociie 3-
4-nHEBHOIrO MOJIOBOTO Bo3aepkaHus. IIpo6wr co-
Oupanu B cTepusibHble yamku llerpu. OO6pa3usl
pazxuxanucek npu 37°C B teuenue 40-60 MuH.
Mopdosorudeckue MOBpPEXIASHUS OLCHUBAIU B
Ma3KaX, OKpPalleHHbIX 303UH-HUTPO3UHOM U C
MOMOIIBI0 akpockonuueckoro tecta [11]. Ouenky
CIIEPMOKHHE3UCTPaMMEI TIPOBOIMIIN B Kamepe Mak-
nepa (M3pawmis) ¢ yaerom pekomernanuii BO3 [12].

Matepunanbl u meToAbl

AKTHBHOCTH aKpO3WHA OMPEAENSIN 0 MOIH-
dbumupoBannoit Hamu Meronuke [3]. I[Ipu mocTpo-
€HUH KaJlMOpOBOYHOW KPUBOM KOHLEHTpaLUA
pabouero pacTBopa ka3enHa coctapnsia 1,0; 0,75;
0,5 m 0,25 mr/mn. PactBop kazemna (1mia) c
OlpeNieTIEeHHOH KOHLEHTpaLed HHKyOHpOBain 5 MUH
ipu 37°C. 3arem nobasmsu 1 mit 6ydepHOro pactBopa
pH 7,4 ¢ tputonom X-100, cHoBa HHKyOMpPOBaIu IPU
37°C B teuenne 15 mun. [Tocne atoro nobasmsimm 1 M
10%-# TpUXJIOPYKCYCHON KHCIOTHI M H3MEPSIH
OIITHYECKYIO TUIOTHOCTb.

Jns ompeneneHus aKTUBHOCTH aKpO3WHA B
oOpa3max 1 M1 2sIKyniTa Wil CyCIEeH3UH CIIEpMHUEB
MocJie KPHOKOHCEPBUPOBAHUS HEHTPUPYTHPOBATH
npu 400 g B Teuenne 10 muH. Ilunerkoii yOupanu
HaJ0CaJIOK 1 K ocaaky nobdasmsumm S5 mu 0,14 M KC1.
[TosropHo nenrpudyruposanu npu 400 g B TeueHune
10 mMuH. B moxydeHHBIH OCafoK MOOABISIN 3 M
Harpuii-pocdarnoro 6ydepa pH 7,4, ¢ 0,5%-m
TpuToHOM X-100, TIIATENBEHO pECYCHEHANPOBAIN U
OTIpEEIISUIN KOHIIEHTPALHIO criepMueB. [ist skcTpak-
uuu GpepMeHTa NPOOHUPKH C CYyCIEH3UEH KIEeTOK
OCTAaBJISUIM Ha 3 9 MpHU KOMHATHON TeMIlepaTrype u
nepuonndecku BeTpsaxupanu. [locme makyOamuun
o0pa3ziel nenTpudyruposamu npu 400g B Teuenue 10
MHH. AKTUBHOCTh aKpO3WHAa OMpPEAENIsAIN B Hal-
0CaI0YHOM XKUAKOCTH. B mpobupky HammBamm 1 M
pabouero pacTBopa KazernHa U Harpesajiu npu 37°C B
TedeHue 5-10 muH. 3atemM nobapnsumm 1 M akpoco-
MaJbHOTO JKCTPAaKTa ¥ MHKYyOupoBanu 15 MUH npu
37°C. lns ocaxxneHus HEepaclUIeIUICHHOTO Ka3enHa
peakuuio octaHaBiuBaiyu gooasneHueM 1 v 10%-i
TPUXIIOPYKCYCHOM KHCIOTHL. I1ociie 3Toro B KOHTPOIb-
HYI0 IPOOHMPKY BMECTO Ka3eWHa M00aBISUTH 1 M
(dhocdarnoro 6ydepa ¢ pH 8,0.0nTH4ecKyro MI0THOCTh
onpenensin Ha poromerpe KOK-3. C momomibio
KaJIMOPOBOYHOTO rpad)rKa Mo pasHOCTH ONTUYCCKOU
IJIOTHOCTH OIBITHBIX M KOHTPOJIBHBIX TPOO HAXOIMIH
KOHIICHTPAIMIO HEPACIIEIUICHHOTO Ka3enHa. AKTHB-
HOCTh (pepMeHTa OIPEIEIISIITH 110 POopMyIIe:

A: o X
MxT

rac Co - Ha4aJIbHasA KOHILCHTPALMs Ka3€HHa, Mmr/ MII;

x 103,
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sterile Petri dishes, diluted afterwards at 37°C within
40-60 min. Morphological damages were evaluated
in the smears stained with eosin-nigrosin, and by means
of acroscopic test as well [11]. Spermatokinesisgraphy
evaluation was performed using Makler’s chamber
(Israel) with keeping the WHO recommendations [12].

Materials and methods

Acrosin activity was determined according to the
modified by us method [3]. When building the
calibrating curve the concentration of a base casein
solution made 1.0; 0.75; 0.5 and 0.25 mg/ml. Casein
solution (1ml) with the certain concentration was
incubated during 5 min at 37°C. Afterwards 1 ml
of a buffer solution (pH 7.4) was added with triton
X-100, incubated again at 37°C within 15 min. Then
Iml of 10% trichloracetic acid was added and
optical density was measured.

To evaluate acrosin activity in the samples 1 ml
of ejaculate or spermatozoa suspension were
centrifuged following cryopreservation under 400g
within 10 min. Supernatant was removed by pipette
and 5 ml 0.14 M KCI were added to the sediment.
Then the second centrifuging followed under 400g
within 10 min. To the sediment obtained there were
added 3 ml of sodium-phosphate buffer (pH 7.4) with
0.5% triton X-100, thoroughly re-suspended, and
spermatozoa concentration was determined. To extract
the enzyme the vials with cell suspension were
maintained for 3 hrs under a room temperature with a
periodic shaking. Following incubation the samples
were centrifuged under 400 g within 10 min. Acrosin
activity was evaluated in a supernatant liquid. Into the
vial there was added 1 ml of a base casein solution
and warmed at 37°C within 5-10 min. Afterwards
1 ml of acrosomal extract was added and incubated
during 15 min at 37°C. To achieve sedimentation
of non-cleaved casein the reaction was stopped by
adding 1 ml of 10% trichloracetic acid. Then into
the control vial 1 ml of phosphate buffer with pH 8.0
was added instead of casein. Optical density was
determined using KFK-3 photometer. By means of
the calibrating figure by the difference of an optical
density of experimental and control samples there was
found the concentration of non-cleaved casein. The
enzyme activity was evaluated with the formula:

-C
Y= o
MxT

Where C - initial casein concentration, mg/ml;
C_ — concentration of non-cleaved casein by a
calibrating figure; M — number of spermatozoa, ml/ml;
T—time of incubation of acrosomal extract with casein
solution, 15 min.

Cryoprotective medium, comprising glycerol,
glucose, sodium citrate and chicken egg yolk (CEY)

x 103,

PROBLEMS
OF CRYOBIOLOGY
2003, Ne1



C_ - KOHIEHTpAIKUs HEPACIIETIEHHOTO Ka3euHa 110
KanmmOpoBOYHOMY TpaduKy; M — KOTHUECTBO CIIEPMHEB,
MIH/MI; T — BpeMs MHKyOali akpocOMajibHOTO
9KCTPAaKTa C paCTBOPOM Ka3enHa, 15 MUH.

J19 KpHOKOHCEPBUPOBAHNS UCIIOIB30BAJIN KPHO-
3alUTHYIO CPENy, COAEPKAILYIO NIULEPHH, [IIIOKO3Y,
LUTpaT HaTpus U kKenTok Kypunoro sina (I'LDXK).
OO0pa3upl moMeman B pa3indHble KOHTEHHEPH U
3amopaxkuBanu 10 -196°C nmo mporpamme [2] unun
HPSIMBIM MOIPYKEHUEM KOHTEHHEPOB B JKUJIKHUU a30T
[1]. Ans momydeHus pa3HBIX CKOpOCTell 3amopa-
JKUBAHUS MIPH OBICTPOM OXJIaKIEHUH MCIOIB30BAIIN
3 TUma MUIMHAPUYECKUX KOHTEHHEPOB Pa3IMYHBIX
pa3MepoB U U3TOTOBJICHHBIX U3 Pa3HBIX MAaTEPHAJIOB.
[Ipy npsiMOoM MOTpy>KEHNH B )KUAKHUN a30T KOHTEIHEpa
C paauycoM BHEIIHEH noBepxHocTH =0,25 cM u
paaMycoM BHYTpeHHeH nosepxHocty r =0,55r Obuia
JOCTUTHYTa CKOPOCTh 3aMOpPaXHBaHUSA OKOJO
1000°C/muH; KOHTEHHEpA C r=0,125cmur =0,52r —
ckopocTh okoo 2500°C/MuH; KoHTElHEpa ¢ r=0,125cm
u 1 =0,76r — cropoctb okono 10000°C/mun. CropocTh
3aMOpPaKUBAHMS ONIPEEIISITA SMIMPUIECKH C TIOMOIIIBIO
Me/Ib-KOHCTaHTaHOBOM TEPMOIAphl, CHTHAI OT KOTOPOH
nofiaBajics Ha ociuiorpad. ns pasmopakuBaHus
KOHTEWHEpHI ¢ 00pa3naMu MOMEIIaTl B BOASHYIO
Oanio npu 37-40°C 10 mosiBICHUS KUIKOH (a3bl.
CratucTuueckyo o0paboTKy HMPOBOOUIH C IO-
Mouisio nmporpammel Exel, ncmone3ys xpurtepuii
CreroneHTA.

Pe3yAbTatbl U 00CyXaeHue

B pesynbrare ucciaenoBanust ObUI0 OTMEUEHO, UTO
CpeAHUe MMOKa3aTeNIy HaTUBHBIX 00pa3LoB ISIKYIISTOB
COCTABWJIM: KOJIMYECTBO CIIEPMHUEB B ISKYIATE —
78+6,3 MJ1/MJ1, aKTUBHO TIOJIBUKHBIE CTIEPMHU (TPyTITa
a+B) — 50%, cnepmuu c 1enI0H akpocomon — 64%
(P<0,05). bputo ycTaHOBIEHO, YTO B HEKOTOPBIX
MEPTBBIX CHEPMHUSAX aKpocoma coxpansanachk. Komm-
YECTBO ATUX KJIETOK CyMMapHO He TpeBsimaino 10%,
OJTHAKO IIPH ATOM BBI3BIBAET COMHEHHE CIOCOOHOCTD
3THX TaMET K aKpOCOMaJIbHON PeakLnu 1 HaJIu4yHle B
aKkpocoMme akpo3uHa. beuio mokasano [4], 4uTo
OIJIOAOTBOPSAIONINNA MOTEHIMAN JSKYJSATa PE3KO
CHUXaJcs, ecinu B HeM MeHee 40% criepMueB uMenu
HENOBPEXKICHHYIO akpocoMy. B Hamwux uccie-
JOBAaHMSX YCTAaHOBJIEHO, YTO MPH 3aMOPAKUBAHUH CO
ckopocthio 1000°C/MUH KOJNHMYECTBO CIIEPMHEB C
LIEJION aKpOCOMO¥ TOCTOBEPHO CHIXKAIOCH (45%) IO
CpaBHEHHUIO ¢ KOHTpoJeM (68%). CoOTBETCTBEHHO
YBEJIMYHUBAJIOCH KOJIMYECTBO CHEPMHUEB C pa3pylia-
romeiics (32%) u ¢ paszpymreHHo# (23%) akpocoMamu.
[pu 3amopaxkuBaHUK CO CKOPOCTHEO 0K0II0 2500°C/MuH
COXPaHHOCTb aKpOCOM cOcCTaBisia 58%, KOIUYECTBO
CIIEPMHEB C pa3pyLIaoUIeiics U pa3pyLIeHHOU
aKpOCOMaMHU I0cIIe KpHOKOHCEpBHpOBaHUs — 33 1 9%
COOTBETCTBEHHO. Takoe yMEHbIIEHHUE KOJIMYECTBA
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were used for cryopreservation. The samples were
placed into different containers and frozen down to
—196°C either according to the program [2] or by direct
immersion of the containers into liquid nitrogen [1].
To get different freezing rates with a rapid cooling
we have used 3 types of cylindrical containers of
various sizes and made of different materials. During
a direct immersion into liquid nitrogen the containers
with the outer surface radius r =0.25 cm and the inner
surface one r_=0.55r  there has been achieved the
freezing rate of about 1000°C/min; the containers with
r=0,125 ¢m and r_=0.52r — achieved the rate of
about 2500°C/min; the containers with r =0,125 and
r =0.76r —reached the rate of about 10000°C/min.
Freezing rate was evaluated empirically using copper-
constantan thermocouple, the signal of which was
sent to the oscillographer. To thaw the containers were
put on water bath at 37-40°C up to the appearance of
a liquid phase.

Statistical processing was accomplished by the
Excel program using Student’s criterion.

Results and discussion

As aresult of investigation it was noted that the
mean values of native samples in ejaculates made:
the number of spermatozoa in ejaculate: 78+6.3 ml/ml,
actively motile spermatozoa (the a+b group) made 50%,
spermatozoa with an undamaged acrosome made
64%, (P<0.05). It was established that in some dead
spermatozoa the acrosome had remained to be alive.
The total number of such cells did not exceed 10%,
however in this case the capability of these gametes
to acrosomal reaction and the presence of acrosin
in an acrosome was doubtful. It was shown [4] that
fertilising potential of an ejaculate sharply
decreased in the case, if there is less than 40% of
spermatozoa in it had an undamaged acrosome. Our
investigation has established that when freezing
with the rate of 1000°C/min the number of
spermatozoa with an undamaged acrosome signi-
ficantly decreased (45%) comparing to the control
(68%). As aresult, the number of spermatozoa with
the acrosomes being under damage (32%) and the
damaged ones, increased. When freezing with the rate
of about 2500°C/min acrosomal integrity made 58%,
spermatozoa number with the acrosomes being under
damage and the damaged ones after cryopreservation
made 33 and 9%, correspondingly. Such a decrease
of spermatozoa number with an acrosome in the norm
correlates with the reduction of a progressive sperm
motility: the a+b group made 32%. During
cryopreservation of the samples with the freezing
rate of 10000°C/min the number of gametes with
an undamaged acrosome decreased down to 15%.
The best indices for an acrosome integrity in human
spermatozoa were noted during programmable

PROBLEMS
OF CRYOBIOLOGY
2003, Ne1



uiw/Bw ‘AyIAnoe uIsoioy
HUW/IN ‘BHUEOOMNE 9LOOHENLIY



% ‘A}IAI}OB UISOIOB pue BWos0Ioe Jo Ajlbaju|
% ‘BHUEOOME 9LO0HEULNE N WOD0dNE 9LO0HHEAX0D)



criepmorpaMmsl. 1Ipu OTCYTCTBHM aKpOCOMAaJbHBIX
dhepmenToB (Hanpumep, Ipu ro0yIo300cepMun) [9]
WJIU [IPU MIPEXKIEBPEMEHHOM BBIXOJE aKPOCOMAIIBHBIX
(epMEHTOB BCIEICTBHE CIIOHTAHHOM aKpOCOMaJIbHOM
peaKLuy, KOra He yNaeTcs JOCTUTHYTh OILIONOTBOPEHUS
B XOJI€ CTaHIapTHOM MPOLEYPB! OIIOAOTBOPEHUS in Vitro,
MIPUMEHEHUE WHTPALUTOIUIa3MaTHUECKOH NHBEKIIUN
CIEPMUsI MOXKET IIOMOUYb IPEOJOJIETE AKPOCOMANIBHYIO
nuchynknuo. Kpome Toro, Ha 3Tanax xpaHeHUs
CIIEpPMUEB KaK MPHU IOJIOKUTEIbHBIX, TAK U NPU
OTPULIATEIBbHBIX TEMIEpPAaTypax MPOUCXOAUT J1€3-
OpraHu3anus JTUNOPUIBHBIX CTPYKTYp IJIa3mMa-
TUYECKON MEMOPaHBI, YTO SBISIETCS OHON U3 MPUINH
MPEXAECBPEMEHHON MTOTEPH aKpPOCOMBL. AKTUBHOCTh
aKpo3uHa cB3aHa ¢ MOppO(yHKIMOHATBHBIM COCTO-
ssHUeM criepmueB. CrieoBaTesibHO, OMOXUMHYECKHUE
CBOICTBa CLIEPMHUEB 3aBUCST OT IITYOUHBI UX CTPYKTYp-
HBIX U3MEHEHUI.
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