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Temperature Dependence of Testes Intersticium Cell Membrane
Permeability for Cryoprotectant Molecules

W3ygamn ocMOTHYECKOE MOBECHNUE KIETOK HHTEPCTHIHS TECTHCOB KPBIC B PACTBOPAX KPHOIIPOTEKTOPOB — BELIECTB, OTHOCSIINXCS
K Ki1accam ciaptoB (3TmwieHrukous (O, mmunepud u 1,2-0ytanauon (1,2-5/1)), okcnnos (aumetuncynspokeun (AMCO)) u amunon
(mametundopmavua (AM®DA)). C nucnons30BaHHEM METO/Ia BOTIOMOMETPUH i MOJH(PUIIPOBAHHOM (PH3HKO-MaTeMaTHYeCKOW MOJEITH
Kenem-Kauagsckoro onpeneneHs! K03 (UIUEHTH NMPOHUIIAEMOCTH MIa3MaTHYECKUX MEMOpaH KIETOK TECTHCOB IS 3THUX
KpPHOIIPOTEKTOPOB Ipu Temneparypax 35, 20 u 5°C. PaccuntanHbIe 3HAYEHUS YSHEPTUH aKTUBAIMU TPOHUIIAEMOCTH [T MOJIeKy1 O,
munepuna, 1,2-BJ1, AMCO u IM®A cocrasnstoT 53,28; 46,92 1 36,33, 58,89 1 62,99 kI>k/MOIb COOTBETCTBEHHO. YCTaHOBIICHO, YTO
MeMOpaHbI KJIETOK TECTHCOB OMHAKOBO XOpOIIo MpoHuaeMsl aiisi Monekyn O1, IMCO, 1,2-B/1  munepuHa, a uX MpOHUIaeMOCTh
st Mosekyn JJM®A nipu 35°C cpaBHUMA C TPOHUIIAEMOCTHIO MOJICKYIT BOMBI.

Knrwouegvle cnoga: xo3hGUINCHTH TPOHUIAEMOCTH, YHEPTUs aKTHBAINH, KICTKH MHTEPCTUIHS TECTHCOB, BOIIOMOMETPHS,
KPHOIPOTEKTOPHI.

BuBYanyu 0oCMOTHYHY MOBEIIHKY KJIITHH IHTEPCTHUIIIO TECTHCIB LIYPiB Y PO3YMHAX KPIOMPOTEKTOPIB — PEUOBHUH, SIKi BITHOCSATHCS
1o knacis cnuptis (etunenntikons (ED), mminepun i 1,2-6ytangion (1,2-BJ1)), okenais (qumermicynbpokcun (IMCO)) Ta aminis
(mumerundopmamin (IMDA)). Tlpu Bukopucranui merony Bomomerpii i MogudikoBaHoi (iznko-maremarnuHoi Mozaeni Kenewm-
Kauasnbpcbkoro Bu3HaueHi Koe(ilieHTH MPOHUKHOCTI IJIa3MaTHYHUX MeMOpaH KJIITHH TECTHCIB JUIS LIUX KPiOMPOTEKTOPIB IpH
temmeparypax 35, 20 i 5°C. Po3paxoBaHi 3HaueHHs eHeprii akTuBauii npoHukHocTi At monekyn EI, rninepuny, 1,2-BJ] IMCO i
JIM®A cknanaroth 53,28; 46,92;36,33;58,89 1 62,99 x/[/moinb BianosigHo. BecTaHoBIEHO, 1110 MEMOpaHU KIIITHH TECTHCIB MAlOTh
OJIHAKOBY 100pY NpoHUKHICTH 1t Mostekyin EI, JIMCO, 1,2-B/1 i minepuHy, a ix npoHukHicTb 115 Mosiekyn JIM®A npu 35°C moxHa
HOPIBHATH 3 IPOHUKHICTIO MOJICKYJI BOAH.

Knrouogi cnosa: xoedinieHTH IPOHUKHOCTI, €HEPTisl aKTHBALLIT, KIITHHH IHTEPCTHLIIIO TECTHCIB, BOJIIOMOMETPIsl, KPiOIPOTEKTOPH.

Osmotic behavior of the rat testis intersticium cells in cryoprotectants solutions — substances belonging to alcohols (ethylene
glycol (EG), glycerol and 1,2-butane diol (1,2-BD)), oxides (dimethyl sulfoxide (Me,SO)) and amides (dimethyl formamide (DMFA))
was studied. Permeability coefficients of testis cells for these cryoprotectants were determined at 35, 20 and 5°C by volumetric
analysis and the Kedem-Kachalsky modified physico-mathematical model. The calculated values of the activation energies for EG,
glycerol, 1,2-BD, Me,SO and DMFA molecules are 53.28, 46.92, 36.33, 58.89, 62.99 kJ/mol, respectively. Testis cell membranes were
established to be equally well permeable for EG, glycerol, 1,2-BD and Me,SO, and their permeability for DMFA at 35°C was

comparable with that for water molecules.

Key words: permeability coefficients, activation energy, testis intersticium cells, volumetry, cryoprotectants.

Bomnpoc 0 ToM, KakuMU CBOHCTBAMH JOJDKEH
o0nanatek 3 PEeKTUBHBIA KPHOIIPOTEKTOP, 10 CHX I1OP
He mMeeT ucuepnbiBatoniero oreera [1]. IlepBsim,
MPHU3HAHHBIM B Ka4eCTBE KPUOIPOTEKTOpPA BEIIECT-
BOM, OB IHLeprH. BriocneacTBum ObU10 MOKa3aHo,
yTo numetwicyiabpokcua (AMCO) B mopasistoniem
YHCIie KPHOOUOIOTHYECKUX CUTyaluii 6onee addexTu-
BEH, YeM DIHUIEPHH, YTO MOXHO ObLTO OOBSICHUTH
Ty4IIeld TPOHUKAIOIIEH CITOCOOHOCTRIO €r0 MOJIEKYIT
yepe3 KJIETOUHble MeMOpaHbl. B nmocienHue roasl B
KauyecTBE MEpPCIEKTHBHOTO KPUOMPOTEKTOpa JJIs
OOIIMTOB H SMOPHOHOB MJICKOITUTAIOIINX 1 MEPUCTEM
pacTeHUi UHTEHCUBHO U3Yy4aeTCs STHICHIIUKONID (O1)
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The question of what properties an efficient cryo-
protectant is to have has no irrefragable answer so far
[1]. The first substance recognized as a cryoprotectant
was glycerol. Afterwards it was shown that dimethyl
sulfoxide (Me,SO) was more efficient than glycerol
in most cases, which can be explained by its better
permeating ability through cellular membranes. Ethy-
lene glycol (EG) has been investigated intensively as a
promising cryoprotectant for mammal oocytes and
embryos and plant meristems lately [8—10]. Dimethyl
formamide (DMFA) proved to have significant
advantages over other cryoprotectants for cryopreser-
vation of the fowl spermatozoa [4—6]. It was demon-
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[8—10]. YcraHoBieHO, YTO AUMETHI(HOpPMaMUL
(AM®A) nmeeT cymiecTBeHHbIE MTPENMYIIECTBa I1e-
pen ApyrMMHU KpHUOTIPOTEKTOpaMH MpHU KPUOKOHCEp-
BHpOBaHMHM criepMueB neryxa [4—6]. [lokazaHo, uTo
1,2-6yrananomn (1,2-B/1) HecMOTpst HA OTHOCUTENTHHO
OostbIIre pa3Mephbl MOJIEKYIT XOPOIIIO MPOHUKAET Yepe3
MeMOpaHsbI 3puTporuToB [2, 3] u knetok CIIOB [11].

[IpoHnmaemMocTs MIa3MaTHYECKUX MeMOpaH A
MOJIEKYJT BOJIBI K KPHOIIPOTEKTOPOB SIBIISIETCS BAYKHEH-
e KproOUOIOTHYECKON XapaKTePUCTUKON KIIETOK,
OTpeAEIAIONIEN UX OCMOTHYECKOE MTOBEACHUE B ITPO-
Lecce KpHOKOHCEPBUPOBAHUS U BBKMBAEMOCTh I10CIIE
OTOTpeBa M BO3BPALICHHS B U30TOHHYECKYIO CpEy.
KprnoxoHcepBupoBanue pparMeHTOB TKaHU U KIETOK
TECTHCOB C LIETbI0 CO3JaHNs 3a11aCOB MaTepHuana, pH-
TOJIHOTO AJISl TPAHCIIIAaHTALH, — HEOOXOIUMOE YCII0-
BHE B pa3pabOTKe HOBBIX CXEM JICYCHHS aHJIPOTCH-
IeUIUTHBIX COCTOSTHUNA. B CBsI3U C BhIIIIECKa3aHHBIM
oco0oe 3HaYeHHe NpHoOpeTaeT ompeneseHne Ko3hpu-
LUEHTOB IPOHULIAEMOCTH MEMOPaH KJIETOK TECTHCOB
JUTS pa3TIMYHBIX KPHOTIPOTEKTOPOB.

[Tonck onTUMaTBEHBIX METOINYECKUX PELICHUI IPU
pa3paboTKe METOJOB KPHOKOHCEPBUPOBAHHS Iieiie-
c000pa3HO OCYLIECTBIATH HA OCHOBE HKCIEPUMEH-
TaJbHO-TEOPETHYECKOTO ITO/IX0/Ia C CTIOIb30BaHNEM
Monu(pUIHPOBAHHON (PHU3UKO-MATEMAaTUIECKON MO-
nenu Kenem-Kavansckoro [1]. Takoit monxon Hampas-
JIeH Ha ONTHUMH3ALUIO MPOIECCOB MaccooOMeHa B
cructeMe "KJIeTKa — OKpyJKamIias cpeaa’ B ITUKIIC
KPHOKOHCEPBUPOBAHUA M TpeOyeT KOHKPETH3alUU
JaHHBIX O COCTABE BHE- U BHYTPHKJIETOYHOM CPEJIBI,
MOP(QOMETPUUYECKUX MapaMeTpax KIETOK, MPOHH-
[IaeMOCTH U €€ TeMIIepaTypHO 3aBHCHUMOCTH.

Lens paboThl — onpeesienne mapaMeTpoB MPOHU-
aeMocTH (k03¢ GUIMEHTOB MPOHUIIAEMOCTH U SHEPTUH
aKTHBALMU) MEMOPaH KJIETOK TECTUCOB JJISI MOJIEKYII
9T, 1,2-b/1, tmuniepuna, JIMCO u [IMOA.

Martepuanbl n mertoanl

J7st perieHus TOCTaBICHHBIX 3a7a4 IPUMEHSITUCH
METOJbI MUKPOCKOTIMH ¥ (PU3UKO-MAaTEMATHYECKOTO
MOJIEJIMPOBAHNS KPHOOHOJIOTHIECKHX ITPOIIECCOB.

OOBEKTOM HCCIIEIOBaHUH CITYKUIIH KJIETKH, TIOTY-
YeHHBIE U3 TKAaHW CEMEHHHUKOB ()epMEHTATHUBHBIM
Merogom [7]. CycreH3ust 3TUX KJIETOK BKI04aja
KJIIETKH ¢ auameTpoM oT 4,5 mo 21 mkm. Hambomnee
MHOTOYHCIIEHHOH ObLJIa MOMYNSIHS KIETOK pa3MepoM
11-16 MKM, Ha KOTOPBIX U TPOBOIWIIA HCCIIEJOBAHNS.

B pabote ncronb30Bam 0 JTHOMOJISIPHBIE PACTBOPHI
1,2-B/1, tmumepuna, 31, JIMCO u JIM®A, mpuroToBIieH-
uele Ha 0,15M NacCl.

KoadduirenTs! npoHUIIaeMOCTH M1a3MaTHYECKUX
MeMOpaH KJIETOK MHTEPCTHUIIHS TECTHCOB ISl MOJe-
KyJI IPOHUKAOIIMX KPHOIPOTEKTOPOB K| ONpEIeIsIHy,
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strated that 1,2-butane diol (1,2-BD) despite its relati-
vely large molecules permeated well through erythro-
cyte [2, 3] and SPEV cell membranes [11].

Permeability of plasmatic membranes for water and
cryoprotectants molecules is the most important cryo-
biological characteristic of cells determining their osmo-
tic behavior in the process of cryopreservation and
survivability after thawing and placing back into isotonic
medium. Cryopreservation of testes tissue fragments
and cells for creation of material store available for
transplantation is an indispensable condition in the
development of new schemes of treatment of andro-
gen-deficient diseases. In this respect the determination
of testes cell membrane permeability coefficients for
different cryoprotectants takes on special significance.

It is expedient to search for optimal methodical solu-
tions during the elaboration of cryopreservation techni-
ques on the basis of the experimentally-theoretical
approach with the usage of the Kedem-Kachalsky mo-
dified physico-mathematical model [1]. Such approach
is directed to optimization of mass transfer processes
in the system “cell-environment™ in cryopreservation
cycle and requires refining data on compositions of
extra- and intracellular media, cell morphometric para-
meters, permeability and its temperature dependence.

The aim of the work is to determine permeability
parameters (permeability coefficients and activation
energies) of testis membrane cells for EG, glycerol,
1,2-BD, Me, SO and DMFA molecules.

Materials and methods

Microscopy and physico-mathematical modeling of
cryobiological processes were used to solve the prob-
lems formulated.

Cells obtained from testes tissue by the enzyme
method served as the subject of inquiry [7]. Suspension
ofthese cells comprised cells with the diameter of 4.5—
21 wm. The population of cells with the size of 11—
16 um was the most numerous, and the experiments
were carried out on them.

1 molar solutions of 1,2-BD, glycerol, EG, Me,SO
and DMFA prepared with 0.15 NaCl solution were
used in the work.

The permeability coefficients K| of testis intersti-
cium cell plasmatic membranes for the penetrating
cryoprotectants molecules were determined by fitting
the experimental dependences of relative cell volumes
vs. time, y(¢) with the solutions of the theoretical model
equations for the preset experimental conditions [11].
The activation energies E, of the substances transfer
processes through testes intersticium cell membranes
were calculated from the dependences /nK (1/T), the
obliquity of which is £ /R according to the Arrhenius
equation, where R is the universal gas constant.
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COTIOCTABJISISl DKCIIEPUMEHTAIbHBIC 3aBUCUMOCTH
OTHOCHUTEIHHBIX 00HEMOB KJIETOK OT BpeMeHH (1) C
pelIeHUSIMU YPaBHEHUH TEOPETHUECKON MOJIENIN TSt
3aJlaHHBIX IKCIIEpUMEHTANBHBIX ycnoBuii [ 11]. Onep-
ruu akTuBanuu (E,) npoueccoB MepeHoca BENIECTB
yepe3 MeMOpaHbl KJIETOK HHTEPCTHIINS TECTHCOB
paccuuTbIBaM M3 3aBUucuMoctelt [nK (1/T), HaKIOH KO-
TOPBIX COMIACHO ypaBHEHHUIO Appenuyca paseH £ /R,
rie R — yHUBepcanbHas ra3oBasi OCTOSHHASL.

MUKpPOCKOTTNYECKUE UCCIICOBAHUS IIPOBOMIIH Ha
Mukpockone Axio Obzerver Z1 (Carl Zeiss, Iepmanns)
C TEpPMOCTaTUPYEMBIM CTOJIMKOM IMPU TeMIeparypax
35,20 m 5°C.

OcMOTHYECKHE PEeaKUU KIETOK WHTEPCTUIUS
TECTUCOB M3ydalld, (poTorpadupys UX C perucTpanueii
BPEMEHH KOHTAKTa C HCCIEAYEMBIMU PacTBOPaMH.
Jiist onipeieNieHnst FTeOMETPHYECKHUX ITapaMeTPOB Kite-
TOK UCTIOJIb30BANIN TAHHBIE MOP(QOMETPHH.

Hnsa xnerok, ¢popma KOTOphIX Onuska K cdepu-
YeCKOH, OTHOCUTENBbHBIM 00bEM KIIETKHU ()) U ee
MOBEPXHOCTHO-00LEMHBIC OTHOIIICHUS Y CBSI3aHBI C €€
JIMaMeTpoM d COOTHOIICHUAMU y = d>/6 u y= 6/d.

Craructuueckyto o0paboTKy pe3yabTaToB dKCIe-
pUMEHTOB MpoBoawiIn o Merony CrbroneHra-du-
mepa.

Pe3yAbTaThl M 00CyXXAeHHe

Ha pucynke npencraBieHsl IpUMEPHI OIpeeIie-
HUS K03(D(PHUITNEHTOB TPOHUIIAEMOCTH MEMOPaH KJIETOK
WHTEPCTUIUS TECTHUCOB JJi MOJIEKYJ KPHUOIPO-
TEKTOPOB B OAHOMOJApPHBIX pacTBopax OI, 1,2-BJI,
runepuHa, IMCO n JIM®A npu temneparypax 35,
20 u 35°C myTeM COBMEIICHHS C IKCIIEPUMEHTAIh-
HBIMH JaHHBIMH TE€OPETHYECKOW 3aBHCUMOCTH H3Me-
HEHHSI OTHOCUTENBFHOTO 00bEMa KIIETOK BO BPEMEHH.

W3 npencraBiaeHHBIX JaHHBIX BUJHO, YTO C IIOHH-
KEHHEM TeMIIepaTyphl YBEIHYHBAETCS BpEeMs pe-
TUApPATAINH KIETOK Tociie ¢a3sl 00€3BOKUBAHUS.
OcmMmoTndecKkoe NMOBEEHNE KIETOK TECTHCOB B PacT-
Bopax OI, 1,2-BJl, munepuna nu JIMCO npu oguna-
KOBBIX TeMIIepaTypax OTINYAETCS HE3HAYUTENHHO.
Bpewms BoccTanosnenus 95% ncxogHoro oobema npu
5°C cocraBnser npumepHo 10 muH, a npu 35°C —
oxonio 3 muH. [IponunaeMocts MeMOpaH KJIETOK UH-
TEPCTULMS TECTUCOB AJ4 MoJieKysl [JIM®DA 3HaunuTenb-
HO BBIIIE, Y€M I MOJEKYJ IPYTHUX H3yYEeHHBIX
BemiectB. [Ipu temneparype 5°C ucxXoaHblii 00beM
kietok B 1M JIM®A BoccranaBimuBaeTcs 10 95%
MeHee 4eM 3a 3 MUH, a Tpu Temmeparypax 35°C
3HAYMMBIX U3MEHEHUH 00beMa KIETOK He 3a(HKCH-
POBaHO, YTO MOXET CBHJIETEIHCTBOBATh O TOM, UTO
MPOHHUIIAEMOCTh MEMOpaH KJIETOK HHTEPCTULIUS TeC-
THUCOB IIPH 3TOM Temneparype s Mojekysn JIM®DA
CpaBHHMMAa C POHULIAEMOCTHIO MOJIEKYJ BOJIBI.
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Microscopic assay was performed on a microscope
Axio Obzerver Z1 (Carl Zeiss, Germany) with a
thermostated stage at 35, 20 and 5°C.

Osmotic reactions of testis intersticium cells were
studied by imaging and registering the duration of
contact with the solutions investigated. To determine
cell geometric parameters we used the morphometric
data.

For sphere-like cells the relative cell volume y and
its surface/volume ratio y are linked with its diameter
by the formulae: y = 7d?/6 and y= 6/d.

The results were statistically processed by the
Student-Fisher test.

Results and discussion

The examples of the permeability coefficients of
testes intersticium cell membranes for the cryoprotec-
tants molecules in 1M solutions of EG, 1,2-BD, glycerol,
Me SO and DMFA at 35, 20 and 5°C determined by
fitting the theoretical dependence of relative cell volu-
me changes through time with the experimental data
are presented in Figure.

From the data presented one can see that as tempe-
rature declines, the period of cell rehydration after de-
hydration phase increases. Osmotic behavior of testes
cells differs insignificantly in EG, 1,2-BD, glycerol and
Me SO solutions at the same temperatures. The pe-
riods of recovery of 95% of the initial volume are ap-
proximately 10 min at 5°C and 3 min at 35°C. The
testes intersticium cell membrane permeability for
DMFA is much higher than that for the other substan-
ces investigated. At 5°C the initial cell volume recovers
up to 95% for less than 3 min, and at 35°C no significant
changes in the cell volume were noted, which can attest
to the fact that at this temperature testes intersticium
cell membrane permeability for DMFA molecules is
comparable with that for water molecules.

The permeability coefficients of testis intersticium
cell plasmatic membranes for the cryoprotectants at
35, 20 and 5°C calculated from the volumetric data
and the corresponding activation energies are presen-
ted in the Table.

It follows from the Table that at 5°C the cryopro-
tectants according to their penetrating ability through
testis intersticium cell membranes are ranked in the
following way: DMFA > 1,2-BD > EG = glycerol >
Me,SO. At 35°C this sequence takes the form: DMFA >
EG = Me,SO > 1,2-BD = glycerol. 1,2-BD has the
lowest value of activation energy, and DMFA — the
highest one.

Conclusions
1. The reduction in the testis intersticium cell mem-
brane permeability for the cryoprotectants molecules
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XapaktepHble sxcniepumenTanbabie (@, O, ) u reoperu-
yeckue (CIUTOIIHAsI IMHKS) 3aBUCHMOCTH OTHOCHTEIBHOTI'O
00BEMa KIIETOK TECTHCOB OT BPEMEHHU JKCIIO3HLHH B
pactBopax IM OI (a), 1,2-b/1 (6), mmnepuna (8), IMCO (1),
JOM®A (n) npu temneparypax 5 (@),20 (O)u 35°C (O).
Typical experimental (@, O, 0) and theoretical (solid line)
dependences of the testis cell relative volume on exposure
time in IM EG (a); 1,2-BD (b); glycerol (c); DMSO (d); DMFA
(e) solution at 5 (@), 20 (O) and 35°C (O).
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B tabnuiie npuBeaeHB pacCUMTaH-
HbIE M3 JJAHHBIX BOJIFOMOMETPHHU KO3(D(hu-
LIMEHTBI IPOHULIAEMOCTH IJIa3MaTH4eC-
KUX MeMOpaH KJIETOK MHTEPCTULIHS
TECTUCOB ISl UCCIEAOBAHHBIX KPHO-

KoahhurmeHTs MpOHUIIAEMOCTH TIA3MAaTHYECKUX MEMOPaH KIETOK
HMHTEPCTHIHS TECTHCOB JUISl UCCIIEA0BAHHBIX KPUOIIPOTEKTOPOB IPH
temrieparypax 5, 20 1 35°C 1 COOTBETCTBYIOIIS SHEPT U aKTUBALIUH

The permeability coefficients of testis intersticium cell plasmatic mem-
branes for the cryoprotectants at 35, 20 and 5°C and the corresponding

activation energies

MIPOTEKTOPOB MPH TemrmepaTtypax 5, 20
35°C Koaddunuent nponuraemoctu K x107, m/c Oueprus
u U COOTBCTCTBYIOIIME 3HCPIUH K Permeability coeffi cient, K, x 10, m/s aKTX;?—‘;HH E,
PHUOIPOTEKTOD K, MOAB
AKTUBAIIAMN. Cryoprotectant Activation
W3 maHHBIX TAOMUIEI CIETYET, YTO 5°C 20°C 35°C le(’g;%lij
ripu 5°C KpHONPOTEKTOPBI IO ITIPOHUKAFO-
. r
el CrocoOHOCTH Yepe3 MeMOpaHbI = 0,50 = 0,07 1,99= 0,70 9,03 % 1,76 53,28
KJIETOK MHTEPCTHUIUS TECTHCOB 00pa-
sytor pag: IM®A > 1,2-BJ] > OT = e 1,05 = 0,70 427 +0,48 7,51 1,64 36,23
rrnepud > JIMCO. [pu 35°C 1ot psin -
AUIEPUH
umeer Bua: JM®A > OI' = IMCO > Glycerol 053 =013 %22 =011 6:75 = 202 46,92
1,2-BJ1 = ranucpun. HauMmenbunm AMCO 038 = 0,19 2,67 = 0,87 9,32 * 1,40 58,89
3HAYCHHUEM SHEPIuY aKTUBAIlMU XapaK- DMSO ' ' ' ' ' ' '
tepusyercsa 1,2-bJl, a Hanbonpmmm — AM®OA a1+ 008 2445 = 280 62,00
JIMDA DMFA
IMpumeuanne: * — nuamazon temmepatyp 5—20°C.
BbiBOABI Note: * — temperature range of 5-20°C.
p g

1. CHIXeHME IPOHUIIAEMOCTH MEM-

OpaH KJIETOK MHTEPCTULHUS TECTHCOB IUISI MOJEKYI
HCCIIEAOBAHHOTO Psiia KPHOIPOTEKTOPOB B JHANIa30He
temneparyp 35-5°C xapakTepusyeTcs SJHepTHen ak-
TUBAIUU B mpenaeiax 35—63 kJIx/Mob.

2. Paznnuns ko3¢ ¢punmenToB nponunaemoctu O,
1,2-b/1, rmumiiepuna u JIMCO Haubosiee BIpaXeHbI U
5°C, ogHaKo MpW 3TOM WX CPEIHWE 3HAUYEHUS OTIIH-
garoTcs He Oojee ueM B 2,5 pasa.

3. B u3yueHHOM psiy KPHONPOTEKTOPOB 0CO00
BBICOKOH MPOHHUKAIOIEH CIIOCOOHOCTBIO 0Onmamaet
JAM®O®A. IIporuraeMocth MEMOpaH KIETOK WHTEP-
CcTUIHS TeCcTHCOB i Monekyn JJM®PA mpu 35°C
CpaBHUMa C IPOHUIIAEMOCTHIO MOJIEKYJI BOZBI, O YEM
CBHUJIETENILCTBYET OTCYTCTBHE BBIPAKEHHON OCMOTH-
YeCKOH peakInu KIeTok Ha nobasienne [JM®PA naxe
ipu 20°C.
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studied over the temperature range 35-5°C is charac-
terized by the activation energies within limits of 35—
63 kJ/mole.

2. The differences between the permeability coeffi-
cients for 1,2-BD, EG, glycerol and Me,SO are the
most conspicuous at 5°C, however their average values
differ not more than 2.5-fold.

3. Among the cryoprotectants studied DMFA has
a particularly high penetrating ability. The testis inter-
sticium cell membrane permeability for DMFA mole-
cules at 5°C are comparable with that for water
molecules, which is confirmed by absence of any con-
spicuous osmotic response of cells to addition of DMFA
even at 20°C.

References

1. Gordiyenko Ye.A., Pushkar N.S. Physical principles of low
temperature preservation of cell suspensions.— Kiev: Naukova
dumka, 1994.— 142 p.

2. Gordiyenko O.1., Linnik T.P. Penetration mechanisms of non-
electrolytes of diol nature through erythrocyte membranes //
Biophysical Bulletin.— 2002.— Issue 2.— P. 43-47.

3. Kovalenko G.V., Kovalenko I.F., Linnik T.P. Membrane perme-
ability of rat’'s and rabbit’s erythrocytes for cryoprotectants
of amide and diol series // Problems of Cryobiology.— 2007.—
Vol. 17, N4.— P. 365-373.

4. Linnik T.P. Amides of aliphatic acids are effective cryopro-
tectants. |. Physical-chemical properties of the compounds
out of the amide series // Problems of Cryobiology.— 1998.—
N3.—P. 21-28.

5. Linnik T.P. Amides of aliphatic acids are efficient cryopro-
tectants. 1l. Cryoprotective properties of compounds of amide
series // Problems of Cryobiology.— 1999.— N2.— P. 22-32.

6. Linnik T.P. Physical and chemical factors of cryodamage
and cryoprotection of fowl spermatozoa in cycle of low

problems
of cryobiology

Vol. 20, 2010, Ne2



10.

1.

HeHul pspa amupos // Mpobnembl kpuobuonorun.— 1999.—
Ne2.— C. 22-32.

JliHHiK T.T1. ®i3nko-XiMivHi hakTopy KPiOMOLUKOOXKEHb i Kpio-
3axXUCTy cnepMaTo30iAiB MiBHIB y LMKMi HU3bKOTEMNepaTyp-
HOro KOHCepByBaHHs: ABToped. auc. ... A-pa bion. Hayk.—
Xapkis, 2003.— 36 c.

lMaxomos A.B., boxok I"A., bopoeoli N.A. u dp. Vicnomnb3o-
BaHWe (pnioopecLieHTHOM ANarHOCTUKM AN XapakTepUCTUKM
KINETOK CTepouaoreHHbIx TkaHen // MpobnemMbl SHAOKPUHHOW
natonorun.— 2007.— Ne4.— C.78-83.

lMuwko O.B., KosaneHko N.®., Kosanexko C.E. u dp. NporHo-
31MpOBaHNe OCMOTMYECKOro NoBefeHNst SMOPUOHOB MbILLIM
Ha OCHOBHbIX 3aTanax KpuokoHcepBupoBaHus // MNMpobnembl
kprobuonorun.— 2004.— Ne3.— C. 3-8.

CmonbsiHuHoga E.N., lNoeopenos A.l., JlucuHa E.l. u dp.
BrnusHune cpepnbl 3aMOpaxuBaHWs Ha XW3HECMOCOBHOCTb ©
KaTUOHHBIA COCTaB paHHUX 3MBpPMOHOB MbiwK // Mpobnemsl
kpuobuonorun.— 2005.— T.15, Ne3.— C. 310.

Cmpubyne T.®., lllesueHko H.A., PozaHos J1.®. OnTumnsa-
uusi metoda BUTpUdMKaLum mepuctem kaptodens // MNpo6-
nembl kpuobuonorun.— 2005.— T. 15, Ne4.— C. 657-664.
YepHobal H.A., KosaneHko N.®., Kowul C.B., PozaHosg J1.®.
3aBMcuMMOCTb NpoHUL@aemMocTn MmembpaH knetok CIMOB ans
MoneKyn aTuneHrnukonst n 1,2-6ytaHgmona ot Temnepary-
pbl // Npobnemsbl kpnobuonormn.— 2009.— T. 19, Ne2.— C.137-
142.

Hocmynuna 09.02.2010
Peyensenm T.I1. Jlunnux

npo6nembl

Kpuobuonorum
T. 20,2010, Ne2

158

10.

1.

temperature preservation: Author’'s abstract of the thesis of
Doctor of Biological Sciences.— Kharkiv, 2003.— 36 p.
Pakhomov A.V., Bozhok G.A., Borovoy I.A. et al. Use of fluo-
rescence diagnostics for cell characteristics of steroidogenic
tissues // Problemy Endokrinnoy Patologii.— 2007.— N4.—
P. 78-83.

Pishko O.V., Kovalenko I.F., Kovalenko S.Ye. et al. Fore-
casting of murine embryo osmotic behaviour at main stages
of cryopreservation // Problems of Cryobiology.— 2004.— N3.—
P. 3-8.

Smolyaninova Ye.l., Pogorelov A.G., Lisina Ye.G. et al. Free-
zing medium influence on viability and cation composition of
early murine embryos // Problems of Cryobiology.— 2005.—
Vol. 15, N3.— P. 310.

Stribul T.F., Shevchenko N.A., Rozanov L.F. Optimizing
method for potato meristem vitrification // Problems of Cryo-
biology.— 2005.— Vol. 15, N4.— P. 657—654.

Chernobay N.A., Kovalenko I.F., Koschiy S.V., Rozanov L.F.
Dependence of permeability of SPEV cell membranes for mole-
cules of ethylene glycol and 1,2-butane diol on temperature //
Problems of Cryobiology.— 2009.— Vol. 19, N2.— P. 137-142.

Accepted in 09.02.2010

problems
of cryobiology

Vol. 20, 2010, Ne2



