Probl Cryobiol Cryomed 2016; 26(4): 340-348
http://dx.doi.org/10.15407/cry026.04.340

opuriHanbHe AocnigXeHHs research article)

YOK 577.352.4:547.42:591.463.11.~755.43
A.1O. MNMyroskiH*, €.9. Konenka

NMpOoHUKHICTL NnasmaTU4HUX MeMbpaH cnepmaTo30ifiB Kopona
(Cyprinus carpio, L., 1758) ana mornekysn BoAW Ta KpionpoTeKTopiB
Ha pPi3HMX eTanax KpioKOHCepBYBaHHS

UDC 577.352.4:547.42:591.463.11.~755.43
A.Yu. Puhovkin®, E.F. Kopeika

Plasma Membrane Permeability of Carp (Cyprinus carpio, L., 1758)
Spermatozoa for Water and Cryoprotectants Molecules
at Different Stages of Cryopreservation

Pedbepat: MNpOHVKHICTb KNITUHHUX MeMOpaH Arsi MOfeKkyn BOAM Ta KPiONpOTEKTOPIB € BaXMBUMM MapaMeTpoM Ans BU3HAYEHHS
LIBUAKOCTEW OXONOMXEHHS Nif Yac KPiOKOHCEepBYBaHHS reHeTUYHoro matepiany pub. Y poboTi BUKOpUCTOBYBanu cnekTpodoTo-
METPUYHUIA MEeTOA, ANS AOCHIAXKEHHS KIHETUKN KNiITUHHOTO 06'eMy, anpoKCMMyBanu ekcrepuMeHTarbHi 3anexHocTi BiAHOCHUX 06'emiB
KNITUH Bif Yacy PilLEHHAMW PiBHSIHb TEOPETUYHOI MoAeni Ta BnepLue BU3Ha4MnM KoedilieHTM NPOHUKHOCTI MeMOGpaH cnepmaTo30ifiB
Kopona Ansi MoneKyn Boau Ta NeBHMX KpionpoTekTopis. BctaHoBMneHo, Wwo 3a Temnepatypu 20°C koedilieHT NPOHNKHOCTI NnasMaTuyHMX
MembpaH crnepmaTto3oifiB kopona Ans mMonekyn Boau cknagae (3,05 + 0,40)x107'* m3/H-c, a npu MOro 3MeHLUeHHi B Aiana3oHi Temne-
patyp 35—-15°C eHepris aktuBauii gopisHioe (53,9 + 3,8) kx/Mornb. 3HWXEHHsI NPOHWMKHOCTI MembpaH cnepmMaTo30ifiB kopona Ans
MOIEeKyn KpionpoTeKkTopiB AumeTuncynbdokcuay, eTuneHrnikonto 1a 1,2-nponaHgiony y 3asHadyeHOMy TemnepaTypHOMY Aianas3oHi
xapaktepuayeTbcs eHeprieto aktusauii 70—80 k[x/monb. Llen dakT cBigunTtb Npo Te, Lo MOMeKyny A0CHiIAXEeHNX peyYOBUH NPOHUKAOTh
y cnepmarto3oif WsiXxoM nacuBHoi Audysii yepes ninigHui Giwap. OTpumaHi AaHi MoXyTb ByTW BMKOPUCTaHI AN BU3HAYEHHSI
ONTUMAanbHOIO PEXMMy KpiOKOHCepBYBaHHS crnepmMaTo30idiB kopona.

Knro4oBi cnoBa: cnepmarto3oign kopona, NPOHWKHICTb MeMOpaHu, eHepris akTuBaLii, KpiOKOHCEPBYBaHHS, €TUNEHTIMIKOMb,
rniuepuH, 1,2-nponaHaion, gumeTuncynbgokcung.

Pedepart: MNpoHULaeMoCTb KNETOYHbIX MEMOPaH Ans MOMeKyn BOAbl U KPUOMPOTEKTOPOB SBMSIETCH BAXHbLIM NapameTpoM Ans
onpegeneHnst CKOpoCTen OXNaAKAEHUS NPU KPMOKOHCEPBUPOBaHWK reHeTUYeckoro matepuana pblb. B paboTte ncnonb3oBanu cnekTpo-
doToMeTpUYeCKNin MeTo ANSt NCCIefOoBaHUS KMHETUKM KNeToYHoro obbema, annpokcMmypoBany akCnepuMeHTanbHble 3aBUCUMOCTU
OTHOCUTENbHBIX 06BEMOB KMETOK OT BPEMEHW PELLEHNEM YPaBHEHWI TEOPETUYECKON MOAENV 1 BNepBble onpeaenuimu koadhnLMeHTbI
NpPOHULaeMoCT MemMbpaH crnepmaTo3oMaoB kapna ANs Mornekyn BoAdbl M onpefeneHHbIX KpYoMpOoTEKTOPOB. YCTaHOBMEHO, YTO Mpu
Temnepatype 20°C ko3hpULMEHT NPOHULAEMOCTU Mnas3mMaTuyeckmx membpaH cnepmaTo3ovaoB kapna Arns MOMekyn Bodbl COCTaBnsieT
(3,05 + 0,40)x107"* M*/H-c, a npu ero ymeHblUeHUM B Anana3oHe Temnepatyp 35—-15°C aHeprus aktuBauum coctasnsieT (53,9 + 3,8)
kx/Monb. CHUXeHWe NpoHULaeMocTn MeMbpaH crnepmMaTo30MAoB Kapna Ans MOSeKyn KpUonpoTeKTopoB AUMEeTUNcynbgokcnaa,
aTuneHrnukonsa u 1,2-nponaHguona B ykasaHHOM AmanasoHe xapaktepusyeTtcsi aHepruen aktuBauumn 70-80 k[x/monb. ITOT dhakt
cBMAETeNbCTBYET O TOM, YTO MOJIEKyrbl UCCNeAOoBaHHbIX BELLECTB B CNepMaTo3oui NPOHMKaoT MyTem naccuBHon Avddysnm yepes
NUNUAHBIA OBOWHON crnow. MonyyeHHble AaHHble MOryT OblTb MCMOMNbL30BaHbl ANA OnNpeAefneHnss ONTUMAanbHOIO pexuma Kpuo-
KOHCEepPBUPOBaHUS CNepmMaTo3oMaoB kapna.

KnioyeBble cnoBa: cnepmato3onbl kapna, NpoOHULAEMOCTb MeMOPaHbl, SHEPrUs aKTUBaLWKU, KPUOKOHCEPBUPOBaHWE, STUMEH-
rMWKONb, rMnUepuH, 1,2-nponaHavon, AUMeTUNCYnbMOKCUA.

Abstract: Cell membrane permeability for water and cryoprotectant molecules is an important parameter to determine cooling
rates during fish genetic material cryopreservation. Cell volume kinetics was assessed spectrofotometrically, the resulted experimental
dependences of relative cell volume vs. time were fitted with solutions of theoretical model equations that allowed us to calculate the
membrane permeability coefficients of carp spermatozoa for molecules of water and several cryoprotectants. The plasma membrane
permeability coefficient of carp spermatozoa at 20°C was established to make (3.05 + 0.40)x10-'* m® N-s, but when it decreased
within 35...15°C temperature range the activation energy equaled to (53.9 + 3.8) kJ/mol. A decreased membrane permeability of carp
spermatozoa for dimethyl sulfoxide, ethylene glycol and 1,2-propanediol molecules within the mentioned range was characterized by
the activation energy of 70-80 kJ/mol. This fact indicated that molecules of the studied substances penetrated into spermatozoon via
a passive diffusion through a lipid bilayer. Our findings could be used to determine the optimal cryopreservation regimen for carp
spermatozoa.

Key words: carp spermatozoa, membrane permeability, activation energy, cryopreservation, ethylene glycol, glycerol,1,2-pro-
panediol, dimethyl sulfoxide.
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KpiokoHcepByBaHHS € MPIOPUTETHUM METOIOM
JIOBrOCTPOKOBOTO 30€piraHHsl CTaTeBUX MPOAYKTiB
PiIKICHUX 1 3HMKAIOYMX BUAIB pUO B yMOBaX MOTipIIEH-
HSI €KOJIOTIYHOT CUTYyallii y CBIiTi Ta, 30KpeMa, B YKpaiHi
[25]. Kpim Toro, maHWii METOJ AO3BOJISIE MMPOBOIUTH
CEJICKIIIFO IIIHHKX MPOMHUCIIOBHX BU/IIB JIJISI ITiIBUIIICHHS
peHTa0enbHOCTI pUOHUIITRA.

Po6otH 3 KpioKOHCEPBYBaHHSI CIIEPMATO30i/1iB BUKO-
HyBayIncs OubItie HiX 3 200 Bumamu puod [22], B OCHOB-
HOMY 3 TIPICHOBOTHUMH, SIKI MAIOTh IPOMHUCIIOBE 3HA-
yeHHs [25]. EQexTuBHICT KpiOKOHCEPBYBaHHS CIIEp-
Maro30iaiB pub Bugocnenudiuna [11]. Tlpu npomy
pe3yabTaTH KPIOKOHCEPBYBaHHS CIIEPMHU MOPCHKHUX
BHIIB PO BUSABUIIMCS O1IBIN yCTIIITHIITMMH, HIXK Mpic-
HOBOAHUX [ 16, 23]. [loka3HUK 3arLTiTHEHHS KPIOKOH-
CEpBOBAHOIO CIIEPMOI0 MOPCHKHX BHIIB pUO MOXKe
OyTH TOpIBHSHHUI 3 BiANOBIIHUM MOKa3HUKOM Y
CCaBIIiB, TOJI K JIJIsl CLIEPMU MIPICHOBOJIHUX pUO Xa-
pakTepHa 3HAYHO HMXK4Ya KPiOpe3UCTEHTHICTh. Tak,
BHUCOKHMH PIBEHb 3aIUTIJHEHHS CB1XKOI 1IKpH KPiOKOH-
CEpPOBAHOIO CIIEPMOIO OYB JIOCSATHYTHIA JIUIIE Y IEK1ITh-
KOX BUIB pHO 32 paXyHOK MOIUQIKaIii METOAHKH
3L JHEHHSL.

Bimomo, 110 SIKICTH criepMu pruo iICTOTHO 3HUKYETb-
sl B TIpOIIeCi KPIOKOHCEPBYBaHHS, TOMY ISl 3aILTiJI-
HEHHS BIJITAJOI0 CIIEPMOIO ii 3amacy MOBHUHHI OyTH
3HAYHO OUIBIIMMH, HDK CBIXOI. BHaciIigok BHCOKOI
BapiadeabHOCTI IKOCTI CriepMH puO TOW caMuil METOA
KpIOKOHCEPBYBaHHS MOXKe OyTH Hee(EKTHBHUM JUIS
criepmu puO iHIIOT mormysmii [ 17].

KpiopesucteHTHICTh cliepMaTO30iaiB OB’ A3aHa 3
YMOBaMH PO3MHOXEHHS pu0, eI 3a BCe, 3 IEBHOIO
TEMIIEPaTypPOIO BOJIM MiJl Yac HEpeCTy Ta ii COIOHICTIO
[5]. Bimomo, 110 KpiOpe3UCTEHTHICTD CIIEPMATO301IiB
puo, sIKi HepecTsAThCs B MPiCHIN BOJI, HUKYA 32 1
MTOKa3HHK CIIEPMAaTo30i/iB MOpchkux pud. [IpoTe mpu-
YHHU Pi3HOI BHYTPIIIHFOBHUI0BOT KPIOPE3UCTEHTHOCTI
criepMu puO Ha TaHUI Yac He BU3HAUEHO [25].

Uepes HecTady iHpOpMALIT 11010 XapaKTEPUCTHK
CTIHKOCTI Ta MapaMeTpiB MPOHUKHOCTI MEMOpaH crep-
Maro30iliB pud METOIMKH KPiOKOHCEPBYBaHHS YIOC-
KOHAJIIOIOTHCSI IEPEBAKHO EMIIPUYHUM LUIIXOM —
I00POM CKITaTy Kpi03aXHCHHUX CEPEIOBHILL A00 PEXKUMIB
OXOJIO/PKeHHSI-Bi/IiT piBaHHSI.

V 3B’513Ky 3 IUM BKJIMBO PO3POOUTH TEOPETUUHO
OOTpyHTOBAaHUHU MiIX11 A0 KPIOKOHCEPBYBAHHA CIIEp-
MarTo30i/iB puO, SKUH NoJAraTIMe y BU3HAYCHHI IpU-
YHH BHYTPIIIHBO- T4 MIDKBUJIOBHX BIIIMIHHOCTEH Kpio-
PE3UCTEHTHOCTI CIIEPMAaTO30i/1iB Ta BIACTHBOCTEH, SIKi
OB’ s13aH1 31 CTIMKICTIO CIIEpMATO30i1iB 0 (paKTOpPiB
KPIOKOHCEPBYBaHHSL.

Burpumka KIiTHH y po3dunMHAX KPiOTPOTEKTOPIB,
HaBiTb 0€3 3aMOPOKYBaHHSI, 31aTHA BUKJIMKATH 3HAYHI
(baykryanii kimituHHOTO 00’ €My [13], M0 MoXke 1ot-
KOJUKYBaTH KJIITHHH a00 BIUIMBATH HA iX 4yTJIMBICTh
1o GaxTopiB KpioKOHCEpBYBaHHs. BimoMo, 110 oM
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Cryopreservation is a high-priority method for long-
term storage of sexual products of rare and endangered
fish species as a result of worsening of environmental
pollution worldwide and in Ukraine, in particular [25].
In addition, this method enables selecting the com-
mercially valuable species to enhance the performance
indices in fish farming.

The spermatozoa cryopreservation was investigated
in more than 200 fish species [22], mostly in freshwater
ones, being important for food industry [25]. The fish
spermatozoa cryopreservation efficiency is species-
specific [1]. Herewith the results of marine fish species
spermatozoa cryopreservation occurred to be more
successful than freshwater ones [13, 23]. The cryopre-
served sperm fertilization for marine fish species could
be compared to that in mammals, whereas the fresh-
water fish sperm is characterized by much lower cryo-
resistance. For example, a high level of fresh egg fertili-
zation with cryopreserved sperm was achieved only
in a few fish species and only after modifying fertili-
zation technique.

The fish sperm quality is known to significantly
reduce during cryopreservation, therefore for fertiliza-
tion with frozen-thawed sperm its amount should be
significantly higher than for fresh one. Due to a high
variability of fish sperm quality the same cryopreser-
vation method may be inefficient for fish sperm of other
population [12].

The spermatozoa cryoresistance is associated to
fish reproduction features, first of all, a certain water
temperature during spawning and its salinity [10]. For
example, the spermatozoa cryoresistance of fish
species, spawning in fresh water, is lower as compared
to this index in marine fish species. However, the
causes of different intraspecific cryoresistance of fish
sperm have still remained undisclosed [25].

The cryopreservation techniques have been
improved mainly empirically, 7. e. by selecting either
cryopro-tective media composition or freeze-thawing
regimens, that is caused by lack of an information on
resistance characteristics and membrane permeability
parameters for fish spermatozoa.

In this regard of importance is to design a theoreti-
cally approved approach to fish spermatozoa cryo-
preservation, which will utilize the determination of the
causes of intra- and interspecific differences in sper-
matozoa cryoresistance and the properties, associated
with spermatozoa resistance to cryopreservation fac-
tors.

Cell exposure in cryoprotectant solutions, even wi-
thout freezing may result in significant fluctuations in
cell volume [3], that can either damage cells or affect
their sensitivity to cryopreservation factors. Tempera-
ture and osmotic stresses are known to be one of the
main factors of cell damage in freezing [14]. Change
in cell microenvironment osmolality during cryopreser-

341



13 OCHOBHHUX (DAaKTOPIB MOIIKOPKEHHS KJIITHH IT1]1 4ac
3aMOpO’KYBaHHS € TEMIIEPATYPHO-OCMOTUYHHHN MIOK
[18]. 3miHa OCMOTHYHOCTI MIKPOOTOUEHHS KIITHH Y
npoleci KpiOKOHCEPBYBAaHHSI 3@ CTaHIAPTHUMH ILIBHI-
KOCTSIMH OXOJIOJKEHHS-BiAIrpiBaHHS MOXKE MPHU3BO-
JOUTH 110 iHimiauii pyXJaMBOCTI criepMaTO30idiB, 10
HEraTHBHO BILJIMBA€ HA Pe3yJIbTaTH 3aIlliAHEHHS BiJl-
TaJIO0I0 CIIEPMOIO ITiCJIsl KpioKOHCepByBaHH [ 12].

OTiKe, aKTyalbHUM € BUBYEHHS OCMOTHYHOI UyT-
JIUBOCTI CIIEPMATO301MiB pub Ta i 3MIHHU ITi]T BIUTUBOM
(bakTOpiB KpioKOHCEpBYBaHHS. [IpOHUKHICTH MmIa3ma-
TUYHUX MEMOpaH IJIsi MOJICKYJ BOIU 1 KPIOTPOTEK-
TOPIB — BXJIMBHUIA MapaMeTp JJisi BU3HAYCHHS IIBU]I-
KOCTEH OXOJIO/PKEHHSI Y TPOIeci KpiOKOHCEPBYBAaHHS
reHeTuyHoro mMatepiany pud [20].

Ha cpboroani BitoMi viire moognHOKI pe3ysbTaTi
JOCIIPKEHHS TPOHUKHOCTI MeMOpaH CriepMaTo30iaiB
pub ans Boau i kpionpotekTopis [15, 21]. Lle nos’s-
3aHO 3 BHJOBOIO cHEeM(iKOIO CriepMaro3oiniB puod i
BIZICYTHICTIO 3pYYHHUX METO/IB, 5IKi JO3BOJIMIN O BU3-
HauYUTH OCMOTHYHI XapaKTEepUCTHKH CIIEPMAaTO30i/iB
6e3nocepeHbo Mepe/] KPIOKOHCEPBYBaHHSM Ta IIPOBECTH
EKCTIEPIMEHTH B MTOIbOBUX ymMoBax [11, 14].

Meroro poboTH € BU3HaYEHHS KOe(Dilli€HTIB IPOHHK-
HOCTI MEeMOpaH CriepMaTo301/1iB KOporia Jisi MOJICKYJT
BOJIY 1 KPIOTIPOTEKTOPIB (€THIIEHTIIIKOIB, 1,2-1TpomnaH-
J10J1, AMMETHIICYTB(OKCH, TIILEPHH), @ TAKOXK JOCIi/I-
YKEHHSI pyXJIMBOCTI BiIIrpiTUX CHIEpPMAaTO30iiB Kopona
Ta IXHbOT OCMOTUYHOI 4y TJIIMBOCTI TICIISI OXOJIO/PKSHHS
JI0 TEMIIEpaTyp, SIKi 3a0e3MeUyI0Th IPOLeC KPiOKOHCep-
BYBaHHSL.

Marepianu i meToan

Cnepmy oTpuMyBaiu Bix 2—3-pidHUX CaMIliB
kopomna (n = 6), mepecamKeHuX A0 OaceiiHy 3
Temneparyporo Boau 22°C. [l ctumynAnii 1o3piBaH-
HS CHEPMH CaMISIM BHYTPIIIHbOM S30BO BBOJWIIN
CyCHeH3110 rinodiza y po3paxyHKy 3 MI/KI MacH.
Crepmy oTpuMyBad uepe3 24 TOIUHY TICHS 1H €KIIIH,
BHKOHYIOYH a0I0MiHAILHUH Macax.

OcMOTHYHY peakiito CriepMaro30iaiB Koporia 10c-
JJHKYBAJH 32 IOIIOMOT010 (POTOECIICKTPOKOIOPUMETPA
KF-77 («ZALIMPy», [1onbia), 06J1aJHaHOTO MarHiT-
HUM IIepeMilIyBadeM i TEPMOCTATOBAHUM KIOBETHHM
BIIUTUICHHSIM, 32 pPO3POOJIEHO0 HaMU METOTHKOKO [ 7, 10].

CnepMy gomaBainu 10 KioBeTH, 3anoBHeHoi 0,05 M
BoaauM po3unHoM NaCl a6o 0,8 M pozunaamu 1,2-mpo-
nanmiony (1,2-I1/1), mrinepuny, erunenniikonto (ET7) Ta
mumetmicyinbpoxenay (AMCO), BUTOTOBIEHUMH Ha
ocHoBi 0,12 M pozunny NaCl. Cymiur mBuako cTpy-
LIyBaJIH, KIOBETY CTABMJIM B KIOBETHE BiJJILICHHS 1 (ik-
CYBaJIM IMHAMIKY CBITJIONIPOIYCKaHHS 32 JOIIOMOTOI0
camoructst «TZ 4601» («Laboratorni pristroje», Uexis)
npu remnepatypi 20°C.

KoeirieHTr NpOHUKHOCTI TIIA3MaTUYIHIX MEMOpaH
CIIEpPMAaTO301/1iB 1715l MOJIEKYJI BOIU (Lp) abo kpiormpo-
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vation using the conventional cooling rates may result
in spermatozoa motility initiation, which adversely
affects the fertilization outcome using the frozen-
thawed sperm after cryopreservation [2].

Thus, of special interest is to study an osmotic sen-
sitivity of fish spermatozoa and its changes under cryo-
preservation influence. Plasma membrane permeability
for water and cryoprotectant molecules is an important
parameter to determine cooling rates during fish genetic
material cryopreservation [16].

Today only single reports on fish sperm membrane
permeability for water and cryoprotectants are known
[9, 17]. This is due to a species specificity of fish sperma-
tozoa and absence of proper methods, which would
enable determining osmotic characteristics of sperma-
tozoa immediately prior to cryopreservation and experi-
ment performance in the field [1, 5].

This research aim was to determine the permeabi-
lity coefficients of carp spermatozoa membranes for
molecules of water and cryoprotectants, as well as to
investigate the motility of frozen-thawed carp sperma-
tozoa and their osmotic sensitivity after cooling down
to the temperatures used during cryopreservation.

Materials and methods

The sperm was procured from 2—3-year-old male
carp (n = 6), placed into the tank with 22°C water
temperature. To stimulate sperm maturation the males
were intramuscularly injected with pituitary suspension,
assumed as 3 mg/kg body weight. Sperm was obtained
24 hrs later injection, by abdominal massage.

Osmotic response of carp spermatozoa was studied
using photoelectric colorimeter KF-77 (ZALIMP, Po-
land), equipped with a magnetic mixer and thermo-
stated cuvette compartment, according to the technique
we designed [19, 20].

The sperm was added to the cuvette, filled either
with 0.05 M NaCl aqueous solution or 0.12 M NaCl-
based 0.8 M solutions of 1,2-propanediol (1,2-PD),
glycerol, ethylene glycol (EG) and dimethyl sulfoxide
(DMSO). The mixture was stirred shortly, then placed
into cuvette compartment and the light transmission
dynamics was recorded using the TZ 4601 recorder
(Laboratorni pristroje, Czech Republic).

Permeability coefficients of spermatozoa plasma
membranes for either water (L ) or cryoprotectant (K))
molecules were determined by fitting the experimental
dependences of relative cell volumes versus time and
the solutions of theoretical model equations [7, §]. The
activation energy (£ ) of substance transfer through
cell membranes was calculated from the InL or InK
dependencies versus reciprocal temperature, the slope
of those according to the Arrhenius equation was £ /R,
where R was the universal gas constant.

In the experiment on determining the spermatozoa
membrane permeability coefficients at the certain sta-
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TEKTOPiB (Kp) BH3HAYaJIM, allPOKCUMYIOUYH EKCIIEpH-
MEHTAaIbHI 3aJIEKHOCTI BITHOCHUX 00’ €MIB KJIITHH BiJ]
4acy 3 pillIeHHSIMH PiBHSHb TEOPETHYHOT Mozedi [ 1, 2].
Enepriro aktuBartii (£ ) Ipouecy NepeHeCceH s peYOBUH
Yyepe3 MeMOpaHH KIIITHH PO3Pax0oBYBaJIH 13 3aJIeXKHOC-
Ter Zan abo anp BiJ13BOPOTHOI Temmnepatypu. Haxwi kpu-
BUX ITUX 3aJIGKHOCTEH 3TiHO 3 piBHAHHIM ApeHiyca
TOPIBHIOBAB Ea/R, Iie R — yHiBepcaibHA ra30Ba MOCTiiHA.

VY excniepuMeHTi 3 BU3HaYEeHHS Koe(]ilie€HTiB mpo-
HHUKHOCTI MEeMOpaH CIiepMaTo30iiB Ha OKPEMHX eTarax
OXOJIOKEHHSI-BiAIrpiBaHHs crnepMy po30asisiim 1:1
Kpi03aXUCHUM cepenoBuileM, sike mictuio 0,15 M
NaCli 16% (v/v) EI, i po3nuBanu B ammylin 06’ eMoM
0,5 M. B ammysty 31 ciepMoro nmomiinanu TepMonapy i
oxonomKyBaiu 1o temmeparypu —10,—-30,-501-100°C
y mapax piIkoro a3oTy 3a TaKOIO IMPOrpaMor0: HIBHI-
KicTs 3—5 rpan/xs no remneparypu —15°C 1 mBUAKICTH
15-25 rpan/xB o remneparypu —100°C. Ammynu Bi-
JirpiBaiy Ha BOAsHIN OaHi 3 TemmnepaTyporo 40°C no
nosiBH piaxoi pazu. KoedinieHT mpoHUKHOCTI MeMOpaH
BIITPITHX CIIEPMATO301MiB TSI MOJICKYJT BOJIA BHU3HA-
YaJy 3a JJOTIOMOTO0 CITOCO0Y, SIKHH OITICAHO BHIIIE.

VY excriepuMEeHTi 3 JOCHIPKEHHS PYXIIMBOCTI criep-
MaTO301/1iB y MpoLeci 0XOJIO0MKEHHS-BiAirpiBaHHs
criepMy po30aBisuty 1:1 MoudikoBaHIM KPio3aXUCHUM
cepenoBHIIeM [4] 6e3 KOBTKa 1 aHTHOKCHIAHTY, PO3JIU-
BaJI¥ B amITyJix 00’ emoM 0,5 MI1. AMITYJH 31 CIIEPMOIO
OXOJIOMKYBAJIM B TIapax a30Ty 3a TPHOXETAITHOIO MPOT-
pamoto [4] gepe3 10 xB micis 3minryBaHHsS 3 Kpio3a-
XHUCHUM cepetoBHIeM. [Ticist TocsTHEeHHS TeMIIeparyp
—3,-20,-50,-80, —196°C amITy;st BUTSTYBAJIH! TI0 OHIH
1 BizirpiBanu Ha BozstHiH 6ani (40°C) no mosBu piakoi
(bazu. PiBeHb 1 yac pyxJIMBOCTI CIIEpMaTO301/1iB BU3HA-
YaJy 3a JOIOMOTOI0 MiKpOCKOTIA.

KonTponem B 000X ocTaHHIX eKCTIepUMEHTax Oyina
00poOieHa Kpio3aXMCHUM CEPEAOBHILEM CIIEpMa,
siKa 30epiranacst HpoOTATOM JOCTiAY 3a TeMIepaTypH
20°C. [Toka3HUK PyXJIMBOCTI CIIEPMATO301/1iB Y IbO-
My 3pa3Ky Miciisl 3aKiHYEeHHsI €KCIIEPUMCEHTY 3MEH-
muBcst Ha 8%.

CratuctnuHy oOpoOKy OTpUMaHUX pPe3yJbTaTiB
31MCHIOBAH 3a JOMOMOTOI0 MPOTPaMHOTO 3a0e3-
rregeHns «Origin 8.5» («OriginLab Corporationy, CILIA)
ta «Excel» («Microsoft», CI1IA). [lani Ha pucyHkax
1 B TAaONHUIIIX HABEICHO SIK CEPEIHE 3HAUCHHS + CTaH-
JapTHe BigxuiaeHHs. /s mopiBHIHHS IBOX BHOOPOK
3acTOCOBYBaJIM U-TecT MaHHa- YiTHi. CTaTHCTUYHO 3Ha-
YYIUMH BBaXKaJIM po3xokeHHs pu p < 0,05.

Pe3yabTatu Ta 00roBOpeHHH

[Nonryk onTuManbHUX PIllIeHb YIS PO3POOKH METO/IIB
KpIOKOHCEpPBYBaHHS BHKOHYBAJIH Ha OCHOBI E€KCIIC-
PUMEHTAIBHO-TEOPETHYHOTO IAXOTY i3 3aCTOCyBa-
HHSIM MOIU(DiKOBaHOI (Hi3MKO-MaTeMaTHYHOT MO
Kenem-Kaganscrkoro [1].
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ges of freeze-thawing the sperm was diluted 1:1 with
cryoprotective medium, containing 0.15 M NaCl and
16% (v/v) EG and placed into 0.5 ml vials. The
thermocouple was placed into the vial with sperm and
cooled down to —10, =30, =50 and —100°C in liquid
nitrogen vapors according to the following program:
3-5 deg/min rate down to —15°C and 15-25 deg/min
down to —100°C. The vials were thawed in 40°C water
bath up to lipid phase appeared. The membrane per-
meability coefficient of frozen-thawed spermatozoa for
water molecules was determined as described above.

In the experiment on studying the spermatozoa
motility during freeze-thawing the sperm was diluted
1:1 with the modified yolk- and antioxidant-free cryo-
protective medium [11], then placed into 0.5 ml vials.
The vials with sperm were frozen in nitrogen vapors
by a three-stage program [11] 10 min later mixing with
cryoprotective medium. By reaching —3,-20,—-50,—80,
—196°C the vials were taken out one by one and thawed
in a water bath (40°C) up to the liquid phase appeared.
The level and time of spermatozoa motility were deter-
mined microscopically.

The sperm, treated with cryoprotective medium,
and stored throughout the experiment at 20°C, served
as the control in both last experiments. The sperma-
tozoa motility in this sample decreased by 8% to the
end of experiment.

Our findings were statistically processed using the
Origin 8.5 software (OriginLab Corporation, USA) and
Excel (Microsoft, USA). The data in figures and tables
are given as the mean + standard deviation. When
comparing the two samples we used the U-Mann-
Whitney test. As statistically significant the differences
were considered at p < 0.05.

Results and discussion

Combination of experimental and theoretical assess-
ments using modified physico-mathematical Kedem-
Katchalsky formalism [7] could be successfully applied
to search the optimal parameters of cryopreservation.

A relative change in cell volume with time after its
transfer into either hypo- or hypertonic substance
solution is described by the following relation [§],

where V'is value of cell volume with respect to time ;
V,is value of cell volume in isotonic solution; o is os-
motically inactive cell volume; Tt*" is osmotic pressure
of substance solution, where the cell was placed; Tty is
osmotic pressure of sperm plasma (intracellular osmo-
tic pressure); Y is cell surface-to-volume ratio; L, is
permeability coefficient of cell membrane for water

molecules (cell membrane filtration coefficient).
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BinHocHa 3MiHa 00’eMy KIIITHHU 3 4acOM TIicIs il
MIEPEHECEHHS B TiM0- 200 rinepTOHIYHUI PO3UYHH peyo-
BUHH ONMCY€THCS HACTYITHUM CITiBBIAHOLLIEHHSM [2]:

V-V, _1-a
VO Tlout

(T[g' - Il —exp (— prT[”“’t] ,

ne V — 3HadeHHs 00’eMy KIITHHH B 3aJICKHOCTI BiX
yacy t; V,—3Ha4eHHs 06’ €My KIITHHH B 130 TOHIYHOMY
PO34MHI; O —4acTHHAa OCMOTHYHO HEAKTHBHOTO 00’ €My
KITITHHH; TT™ — OCMOTHYHHI THCK PO3YHHY PEUOBUHH,
B SIKUI TIOMIlIAM KIIITUHY; TIj — OCMOTHYHHUI THCK
CTepMAaIBHOT I1a3MH (BHY TPILIHBOKTI THHHHI OCMOTHY-
HUH THUCK); Y — MOBEPXHEBO-00 €MHE BiJHOIICHHS
KJIITHHH; Lp — koeQilieHT TPOHUKHOCTI KIITHHHOT
MeMOpaHU JIJIsl MOJIEKYJT BOJIU (KoeilieHT GipTpartii
KJIITHHHOT MEMOpaHM).

1-of_, ’
VY 3B’s3Ky 3 IIUM BHUpa3 W(ﬂo - t) Xapak-

TepHU3y€e BEIMUUHY 3MiHHM 00’ eMy (3akpH BanT-T'ogdda),
a ecKCIOHeHianpHuii wieH 1 — exp \— YL pT[””’t BHU3-
Hadvae, 3a SKUH Jac BiAOyIEThCS IS 3MiHA.

SIKII0 MPUITYCTHUTH, LIO TOTIBKA CIIEPMATO30i/a KO-
pomnamae chepuuny hopmy, a cepeaniii pagiyc Jopis-
HIo€e 1,3 MkM [24], TO TOBEPXHEBO-00’€MHE BiJIHO-
IICHHS KJIITHHU Y TOBHHHO CKJIaaTh 2,3 MKM .

Po3paxoBanuii 3riTHO 3 Li€r0 MOAEIUTIO KoeiLlieHT
MIPOHUKHOCTI MeMOpaH CHepMaTo30iiiB Kopoma Juis
MOJICKYJI BOIH Lp mpu 20°C cranoBuTts (3,05 £ 0,40)%
10-'*M*/H-c, a mpu #0ro 3HMKEHHI B Jiana30Hi TemIie-
patyp 35-15°C enepris akTuBaiii
cxiazae (53,9 + 3,8) x/[x/Morb.

KoedinienT npoHrkHOCTI MEMOpaH
CIIEpMAaTO30i/1iB KOpoma AJsl MOJIEKYJ
BOJIM € OUTBIITNM, HiXK CIIEPMaTO3011iB
nanio-pepio (Danio rerio, Hamilton,1822)
ta myku (Esox lucius, L., 1758):

. 1-a in ut \ . . .

The expression —, ( -1 )m this case describes
the value of volume change (Van’t Hoff low), and an
exponential term 1 — exp (- YL, 70"t | determines the time
for which this change will occur.

Assuming the carp spermatozoon head to be of
spherical shape, and an average radius to be 1.3 pm
[24], the cell surface-to-volume ratio y should make
2.3 um™',

Using the formalism we calculated the carp sper-
matozoa plasma membrane permeability for water
molecule L at 20°C: (3.05 + 0.40)x107'* m*N-s, and
its decrease within 35...15°C temperature range the is
characterized with an activation energy of (53.9 +
3.8) kJ/mol.

The permeability coefficient of carp spermatozoa
plasma membrane for water molecules was higher than
in zebrafish (Danio rerio, Hamilton, 1822) and pike
(Esox lucius, L., 1758) spermatozoa: (3.45 + 0.16)x
107"° m*/N-s (21...23°C) [9] and (543 £ 1.15)X10° m*/N's
(12°C) 1075 [21], respectively. This index was much
lower as compared to sturgeon (Acipenser ruthenus,
L., 1758) spermatozoa: i. e. (3.52 + 0.49)x10" m*/Ns
(15°C) [18].

It is of no doubt that the coefficient L, depends on
temperature and the comparison of its values for various
fish species at different temperatures is incorrect. We
used the temperatures corresponding to the spawning
conditions for each species, i. e. ‘physiological’ ones;
and the comparison of L values at the same
temperatures could show a similar tendency.

Koe@ilieHT! NPOHMKHOCTI Mra3mMaTUYyHnUX MembpaH crnepmaTos3oigis
Kopora Ans AOoChimxXyBaHUX KpionpoTekTopis 3a Temnepatypu 20°C Ta

BiANOBiOHA eHepria akTuBaLii

Permeability coefficients of carp spermatozoa plasma membranes for the
studied cryoprotectants at 20°C and the corresponding activation energy

(3,45 +£0,16)x10 Mm3/H-¢ (21...23°C) . i i
15 \3/H- ) KoediuieHT NpoHMKHOCTI EHeprin akTuBauii E_,
[15] Ta (5,43 £ 1,15)x10°"° ™ C Kpionpotektop K,x10° m/c, 20°C K/Monb
(12°C) [6] BinnoBigHO. B cBOO 4epry, Cryoprotectant Permeability coefficient Activation energy E_,
< K x 108 m/s, 20°C kJ/mol

JlaHUu# MOKa3HUK OyB Ha MOPSIOK 4
MEHIIMM TIOPIBHSHO 31 CIEpMaTo30i- IMCO
namu crepusai (Acipenser ruthenus, DMSO 1,33+0,08° 78,6 £3,9°
L., 1758), y sikux BiH JOpPiBHIOBAaB

3,52 £ 0,49)x103 M3 H-c (15°C) [8].

3, 49) ¢ (15°C) [8] El 1,43+0,13° 73,2+5,4°

BescymuiBHo, KoediuienT L 3a- EG
JIEKUTH BiJ] TeMIepaTypH, i MOpiB-
HSTHHSI HOT0 3Ha4Y€Hb AJIS PI3HUX BUIIIB 1113'_25 1,43 +0,08° 73.6+4,1°
pub 3a BIIMIHHUX TeMIEpaTyp € '
HEKOPEKTHUM. MU BHKOPHCTOBYBaJIU i
. niuepvH

TeMImeparypH, 3a SIKI/I.X Blﬂ6yBa€T§Cﬂ Glycerol 0,560+0,13° 16,56+9,6¢
HEPECT KOKHOTO 3 BUIB, TOOTO «(i3io-

JIOTiYHI», @ pe3yIbTATH MOPIBHAHHS L
3a OJIHAKOBHX TEMIIEpaTyp CBia4aTh
PO aHAJIOTIYHY TEHICHLIIO.
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MpumeyaHue: no3HayeHi pi3HMMM CUMBONAMK 3HaYEHHS MalTb CTATUCTUYHO
3HavyLwi BigMmiHHOCTI, p < 0,05.

Note: The values denoted with different symbols have statistically significant differ-
ences, p < 0.05.

npo6rembl KPMOOMONOrMKN 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016



2 1,8
<
_j—<'o. 1,6 T
57 1,41
Sy
£5 1,2
IS
@ 8
Ex 087
22 06-
8 o
SE 04+
=2
x 0,2 1
5
B o
§§ KOHTpOJ‘Ib -10 -100
@ Control KiHueBa TemnepaTypa oxonomkeHHs, °C

Final temperature of cooling, °C

Puc. 1. 3miHa npoHuKHOCTI MemMbpaH cnepMaTo30ifiB Kopona AN MOneKkyn
BOAW MiCNs OXONOAXEHHA-BiAirpiBaHHA; HaBeAeHO CepedHE 3HaYeHHs *
cTaHOapTHe BiOXWNEHHS; Lp L — KOeILiEHTN NMPOHMKHOCTI B KOHTPONI Ta
pocnigax BignosigHo; * — BI,EI,MIHHICTb CTaTUCTUYHO 3HauYyLla BiJHOCHO KOHT-
ponto, p < 0,05.

Fig. 1. Change in carp spermatozoa membrane permeability for water
molecules after freeze-thawing; an average value + SD is shown; L , L are
permeability coefficients in the control and experiments, respectively; * |s sfatls-
tically significant difference relative to the control, p < 0.05.

VY Tabauui HaBeneHO Koe(ili€eHTH MPOHUKHOCTI
MTa3MaTHIHUX MEeMOpPaH CriepMaTo301/1iB KOpoTa st
JIOCITIJDKYBAHUX KPIOMPOTEKTOPIB 32 TeMIEpaTypu
20°C Ta BIAMNOBiNHI 3HAUEHHS €HEPTii aKkTUBAIlil ix
MIPOHUKHOCTI. 3a3HaueHi KPiOMPOTEKTOPH 0OpaHi 1t
JIOCJIIJDKEHHS Yepe3 Te, 1[0 BOHHU
HaH4JaCTille BUKOPUCTOBYIOThCSI ITi]T

The Table shows the per-
meability coefficients of carp sper-
matozoa plasma membranes for
the studied cryoprotectants at
20°C and the corresponding values
of activation energy of their
permeability. These cryoprotec-
tants were selected for study since
they are more often used for fish
sperm cryopreservation [25]. The
calculated values E for DMSO,
EG and 1,2-PD testify to the fact,
that the penetration of the studied
substances into a spermatozoon
occurs by a passive diffusion
through lipid bilayer, while a lower
activation energy of glycerol
transfer indicates a channel mecha-
nism of penetration [6].

Chernobay N.O. et al. [4] have
noted also a much lower value of
activation energy of glycerol trans-
fer as compared to other cryo-
protectants. The glycerol was re-
ported [15] as not preventing cell
dehydration, caused by cooling, but

the dehydration rate in its presence was lower.
Using the results obtained by us in the sperm, cooled
down to various temperatures and thawed by the
standard regimens, we determined the critical
temperatures, reaching those resulted in the damage

4ac KPiOKOHCEPBYBaHHsI CIEPMHU pHO 100
[25]. PospaxoBani 3HaueHHs £ st
JIMCO, EI" ta 1,2-I1]] cBim4ats mpo
Te, 110 MPOHUKHEHHS JOCIIKYBaHUX
PEUOBHUH Yy CIIEPMaTo30i/1 BiOyBa€Th-
Csl IIUTSTXOM MacuBHOI udy3ii yepes
JINiIHUA Olmap, ToAl K OiabII
HU3bKa SHEePTis aKTHBAIIil polecy
MIepeHocy MIIEPUHY BKa3ye Ha Ka-
HAJTLHUN MEXaHI3M POHUKHEHHS [3].

Menrie 3Ha4CHHSI €HEPrii ak-
THBAIi IepeHeCceHHs DIIEPUHY
MOPIBHSHO 3 1HIIMMH KPiOMIPOTEKTO-

Number of motile spermatozoa, %

pamu Takox Bigznaueno H.O. Yep-

HOOait Ta crisaBT. [9]. IToBigomis- KOHTPOHb

Control

KinbkicTb cnepmarosoigis, Wo pyxawTtbes, %

80
70 -
60 -
50 -
40 -
30 1
20 A
10 -
0_

-196

nocst [19], mo miinepuH He 3anodirae
Jerigparaii crepMaro30imiB xKe-
PpeOIiB, BUKJIMKAHOT OXOJIO/KESHHSIM,
OJHAK MBHUIKICTH NETiapaTallii B
HOTO MIPUCYTHOCTI OyITa MEHIIIOFO.
3a pesyapTaTraMu JIOCITiIKCHHS
CIIEpMH, OXOJIOJKCHOT 10 Pi3HUX
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KiHueBa TemnepaTypa OXonomxeHHs, °C
Final temperature of freezing, °C
Puc. 2. 3miHa pyxnuBocTi cnepmaTo30igiB Kopona nicns OXONOAXeHHsI-
BifirpiBaHHsA; HaBegeHO cepedHe 3HAYeHHS * CTaHAAPTHE BiOXUIEHHS; * —
BiIMiHHICTb CTAaTUCTMYHO 3HauvyLla BiZHOCHO KOHTponto, p < 0,05.
Fig. 2. Change in carp spermatozoa motility after freeze-thawing; an average

value = SD is shown; * — statistically significant difference relative to the
control, p < 0.05.




TEMIIEpaTyp 1 BiAIrpiTOi BIAMOBIAHO 10 CTAHAAPTHOTO
PEKUMY, BU3SHAYEHO KPUTHUYHI TEMIIEpaTypH, 3a SKHX
rrWHE 4YacTHHa cruepmaro3oiniB. OnepxkaHi naHi
MOXXYTb OyTH KOPHCHUMH U151 PO3POOKH ONITUMAIIBHHX
peXUMiB KPIOKOHCEPBYBAHHSI CTIEPMH IIEBHOTO BUIY
puo.

[Ticns oxonmomxeHHs ciepMu 10 Temreparyp —10,
—30 abo —50°C 3a mporpamMoI0 OXOJOKCHHS: 3—
5 rpag/xB 1o —15°C ta 15-20 rpan/xs 10 —100°C i mo-
JAJIBIIIOTO BiMIrpiBaHHSI MU HE BUSIBUJIN 3HATHUX 3MiH
KoedinieHTa MPOHUKHOCTI MeMOpaH KIITHH AJIsl BOAH
(puc. 1). Cnepmarozoinu, siki Oy OXOJIOJDKEHI J10
—100°C i Bigirpirti, Majau 3Haqy11e OTbIIY TOPIBHSHO 3
KOHTPOJIEM HPOHUKHICTH MEMOpPaH /715l MOJIEKYJI BOJIH.

[Ticnst oxonomkeHHs criepmu 10 Temrieparypu —10°C
3 OibIOr0 WBUAKICTIO (8—10 rpan/xB) koediieHT Ly
BIIIFPITHX CHIEpMaTo30i1iB OyB 3HAYyIIEe OUIBIIHM
MOPIBHSHO 3 KOHTpoJeM. [I[poHuKHICTS MeMOpaH KJTi-
THH JUUIS MOJICKYJT BOJTH MOJKE 3MIHFOBATHCS BHACTIJIOK
X MEXaHIYHOTO MOIIKOKEHHS Ta 3MIHH CTPYKTypH
MeMOpaH CrepMaTo30iiB.

PiBeHb pyXITMBOCTI CIIEPMATO30i/1iB, OXOJIOIKEHIX
1o —3°C 1 Bigirpitux, 3Hadylie HE BiApi3HSBCS Bix
KOHTPOJILHOTO 3HaueHHs. Taka KiHLieBa TeMIiepaTypa
OXOJIOZKEHHS Oyi1a oOpaHa ToMY, 110 ITPH Hill KpucTa-
mizamist me He BigOynacs. OXONOKEHHS 0 TeMIIe-
parypu —20°C i noganpIe BigirpiBaHHs MPU3BEIH 10
CTaTUCTUYHO 3HAYYIIOTO 3MEHILIECHHS KiJIbKOCTI pyX-
UBUX KITTHH Ha 20% TOPIBHSIHO 3 KOHTPOJIeM (pHuc. 2).

Takum 4rHOM, y IPOBEJICHOMY HAMH €KCTIEPUMEHTI
3HAYHE MTOITKOKEHHS KITITHH BiIOyBasIOCs 3a TEMIIe-
patyp B ipoMixKy —3...—20°C i moB’si3aH0, IMOBIpHO,
3 MMO3aKJIITHHHOT KprcTami3artiero. [Tics oxomomkeHHs
cnepmu 10 Temmepatyp —50, —80 ad6o —196°C 1 mo-
JANBIIOTO BiIrpiBaHHsI MOKa3HUK PYXJIHUBOCTI CHep-
MaTo0301i/1iB He 3MiHIOBaBCs 1 qopiBHIOBaB 60%, 110
CBITYUTH NPO BiJICYyTHICTH HEraTUBHOTO BIUIUBY Y
BiJIIOBIIHUX TEMIIEPATYPHHUX Jlialla30Hax.

BucHoBkH

1. KoedirieHT MPOHUKHOCTI MITa3MaTHIHUX MEMOpaH
CIIepMaro30i/1iB KOpOoTMa ISl MOJIEKYJl BOAW CKJIA/Ia€e
(3,05 £ 0,40)x10°'* M3/H-c, a #oro 3HMKEHHS B
nianazoni Temmeparyp 35...15°C xapakrepusyerbcs
eHepriero aktuparii (53,9 + 3,8) kIx/MoJIb.

2. 3MeHILIeHHS TOKa3HUKa IPOHUKHOCTI MeMOpaH
CIIepMaTo30i/iB KOpPOIa AJIsl MOJIEKYJI KPiIOMPOTEKTOPiB
AMCO, ET Ta 1,2-I1/] y niamazoni 35...15°C xapax-
Tepu3yeThes eHepriero aktuBaiii 70—80 kJ[>x/Mob.
OtpumaHni 1aHi MOXKYTh OyTH BUKOPHCTaHI U1 BU3HA-
YEHHS ONTHUMAJIBHOIO PEKUMY KPIOKOHCEPBYBaHHS
CIIepMaTO301/1iB KOpoTIa.

3. Y pasi BUKOPUCTAHHS CTaHAAPTHOTO PEKUMY
OXOJIO/IKEHHS-BIZITPIBaHHS CIIEPMH KOpOIIa 3HAYHE
MOIIKO/PKEHHS KIIITHH BiOyBajiocs 3a TeMIieparypu
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of some spermatozoa. These findings may be useful
in designing the optimal regimen for certain fish species
sperm cryopreservation.

After sperm freezing down to either —10, —30 or
—50°C by the following cooling program: 3—5 deg/min
down to —15°C and 15-20 deg/min down to —100°C
and further thawing, we found no significant changes
in cell membrane permeability coefficient for water
(Fig. 1). The spermatozoa, frozen down to —100°C
and then thawed, had much higher membrane per-
meability for water molecules, than the control.

After sperm freezing down to —10°C with a higher
rate (8—10 deg/min) the coefficient L, in the thawed
spermatozoa was much higher as compared to the
control. The cell membrane permeability for water
molecules may change as a result of their mechanical
damage and a change in spermatozoa membrane
structure.

The motility level of spermatozoa, cooled down to
—3°C and then warmed, did not significantly differ from
the control value. We selected namely this final freezing
temperature because no crystallization to be occurred
yet at this temperature. Cooling down to —20°C and
following thawing resulted in a statistically significant
reduction of a number of motile cells by 20% as com-
pared to the control (Fig. 2).

Thus, in our experiment a significant cell damage
occurred within a range of —3...-20°C, that was
probably due to extracellular crystallization. After sperm
freezing down to either —50, —80 or —196°C and
subsequent thawing the index of spermatozoa motility
remained unchanged and made 60%, testifying to the
absence of negative impact within the corresponding
temperature ranges.

Conclusions

1. The permeability coefficient of carp spermatozoa
plasma membranes for water molecules was (3.05 +
0.40)x107'*m?/N-s, and its decrease within the tempe-
rature range of 35...15°C was characterized by the
acti-vation energy of (53.9 £ 3.8) kJ/mol.

2. A decrease in membrane permeability of carp
spermatozoa for DMSO, EG and 1,2-PD molecules
within the range of 35...15°C was featured by the
activation energy of 70-80 kJ/mol. These findings could
be used to determine the optimal cryopreservation
regimen for carp spermatozoa.

3. When using the standard freeze-thawing regi-
men for carp sperm cells a significantly cell dama-
ge occurred at —3...—20°C; the membrane permeability
was significantly augmented after freezing down to
—100°C and subsequent thawing. After freezing down
to —10...-50°C and further thawing no statistically
significant changes in permeability coefficient were
found as compared to the control.
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—3...-20°C; moKka3HUK MPOHUKHOCTI MEMOpPaH CyTTEBO
30UTBITyBaBCs Micis oxonomkeHHs 10 —100°C 1 mo-
JIAITBINOTO BifirpiBaHHsL. [liciis 0X0I0mKeHHS 10 TeMITe-
paryp—10...—50°C i mogansIoro BifirpiBaHHs cTaTHC-
THYHO 3HAYYIIMX 3MiH Koe]illieHTa MPOHUKHOCTI TOPiB-
HSTHO 3 KOHTPOJIEM HE BUSIBIICHO.
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