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HccnenoBan mexanu3m B3aumozeiicTBus kpuornpotekropos (KII): stunenrmukons (3I), munepuna u N,N-gumeTrndopmaMuaa
(AM®A) ¢ munuaHBM OHCII0eM JIMIOCOM, ChOPMHUPOBAHHBIX H3 CyMMAapHBIX JIUITHIOB CIIEPMATO30MI0B COOaKN METOZIOM (ITyOpECeHTHOH
CHEKTPOCKONHUH C NMPHUMEHEHHEM HOBOTO (NIyOPECHEHTHOTO 30HIa (IaBOHOIBHON Hpuponasl — 3-ruppokcu-4‘-(N,N-aumerm-
amuHO)dnaBoHa (PME). YcranosneHo, uro u3 n3ydennsix KII (tmunepun, O, JIM®A), Haubonbniee BIussHAE HA GOPMY CIIEKTpa
¢dryopecuenu PME, cBsizaHHOTO ¢ IMOUIHBIM OrcioeM, okasbiBaeT JIM®PA. Crenens BiusHuUs uccnenoBanHbeix KI1 Ha tumocombt
onpenensercs ruapoPpoOHO-TUAPOGHUITEHEIM OalaHCOM HX Mosekyl. JJM®A npernMyniecTBEHHO BO3ICHCTBYET Ha JIMITUAHBIA OHCTION
myTeM TuApoGoOHOTO B3aMMOJCHCTBUS, a IMIEepuH U DI’ — Ha THAPATHBIA CIOH MOJAPHBIX “TONOBOK” (HOCHONMUIUAOB, 00pa3ys
MEXMOJIEKYJISIPHBIC BOZOPOIHEIE CBSI3H.

Kniouegwie cnosa: codbaka, ciepMaTo30UIbL, THITHIBI, KPHOIIPOTEKTOPEI, iryopecienTHbIH 3001, DME.

Hocnimkeno Mexani3m B3aemoii kpionporekropis (KII): erunenrinikonto (ED), rninepuny i N,N-mumerunpopmaminy (IMDA) 3
JinigHUM OiIIapoM JIiMocoM, sKi yTBOPEHi 3 CyMapHUX JIIIIB criepMaTo30iaiB cobaky MeToZ0oM (IyOpEeCeHTHOI CIIEKTPOCKOIii i3
3aCTOCYBaHHSIM HOBOTO (hiIyopecLeHTHOro 30Haa (GuaBoHOIbHOT pupoau — 3-rigpokcu-4‘-(N,N-qumernnamino)diaasony (PME).
Bcranosneno, 1o 3 nociimkenux KII (minepun, ET, JIM®A) Haiibinpmnii Brmue Ha hopMy criektpa (uiyopecueHii, o 38’ s13aHuit
3 ninigauM Gimapom ginocom ®ME, cnpuunnsie IM®A. Cryninb BrutuBy nocuimkeHux KI1 Ha iginmocoMu 3yMoBIO€ThCs TigpohoOHO-
rigpodiapHuM 6anancom ix Mosekyit. JIM®A nepeBakHO BIUIMBA€E Ha JiMiAHUH Oimap nuisixoM rigpodoOGHOT B3aeMoil, a TIILEpHH i
EI’ — Ha rigpaTHuii map noispHuX “roiiBok” docdomnininis, sKi yTBOPIOIOTh MXKMOJIEKYJISIPHI BOJIHEBI 3B’ SI3KH.

Kniouosi cnosa: cobaka, ciepMaTo30iau, Jiniau, Kpionporekropu, Gpiayopecuentauii 3ou1, PME.

The mechanism of interaction between the cryoprotective agents (CPAs): ethylene glycol (EG), glycerol and N,N-dimethylformamide
(DMFA) with lipid bilayer of liposomes formed from total lipids of canine spermatozoa by fluorescent spectroscopy using new
fluorescent probe of flavonoid origin: 3-hydroxy-4’-(N,N-dimethylamine)flavon (FME). It has been established that among the
studied CPAs (glycerol, EG, DMFA) the highest effect on the form of FME fluorescence spectrum associated to lipid bilayer is
rendered by DMFA. The effect rate of the studies CPAs on liposomes is determined by hydrophobic-hydrophilic balance of their
molecules. DMFA predominantly affects lipid bilayer by hydrophobic interaction, and glycerol and EG mainly influence hydrate layer

of polar “heads” of phospholipids by forming intermolecular hydrogen bonds.
Key-words: dog, spermatozoa, lipids, cryoprotectants, fluorescent probe, FME.

Cy11ecTBYIOT HECKOJIBKO METO0B KPHUOKOHCEp-
BHUpOBaHUA criepmaTo3onaos codbaku (CC) [9, 10, 12,
13, 17, 21], oTnHYarOMMXCs yCIOBUSIMHE ITOATOTOBKH
KJIETOK M PEXUMAMU OXJAXIACHUS B MPUCYTCTBUU
OJTHOTO KPHOMPOTEeKTOpa — riuuepuHa. OgHako
YCTaHOBJIEHO, YTO IIUIIEPHH HE SIBJIIETCS ONTUMAb-
HbeIM KpronporekTopoM (KII) s kpuokoHcepBrUpoBa-
Hus CC [9, 15, 17-20], mOCKONbKY HEraTUBHO BIUSET
Ha KJIETOYHBbIE MEMOpaHBI.

[IpeanpuHATH HOMBITKK UCCIEI0BATh KPHO3ALIHUT-
Hy10 akTuBHOCTB Apyrux KII, B 9acTHOCTH STHIIEHIIIH-
koust (O') m mumernncynsdpokrcuna (IAMCO), npu
kpuokoHcepupoBanuu CC [13, 17]. YcranoBieHo
CYIIECTBEHHOE MOBPEXKAAIOIIEe NeHCTBUE 3TUX Be-
miecTB Ha MeMOpansl CC, OMHAKO TPH U3yYEHUH JaH-
HOTO BOTIPOCA aBTOPHI HE PHUIILIH K €JMHOMY MHEHHIO.
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There are several cryopreservation methods for
canine sperm (CS)[9, 10, 12, 13, 17, 21] differing by
the protocols of cell preparing and cooling regimens in
the presence of glycerol as a cryoprotectant. However
it is established that glycerol is not optimal cryoprotec-
tive additive (CPA) for CS cryopreservation [9, 15,
17-20], since it negatively affects cell membranes.

There were attempts to study cryoprotective activity
of other CPA in particular ethylene glycol (EG) and
dimethylsulfoxide (DMSO) during CS cryopreservation
[13, 17]. Significant damaging effect on CS membranes
was found, however when studying this question the
authors’ opinion did not coincide. Till now the molecular
mechanisms of CPAs effect on CS during freeze-thaw-
ing have not been elucidated yet [12, 18, 19], therefore
the choice of effective CPA is still actual.
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Jlo HacTOAIIEr0 BPEMEHH HE BBISICHEHBI MOJICKYIISAP-
veie Mexann3Mbl Biausaus KII Ha CC B mpomecce
3amMopaxxuBaHusi-orTauBanus [12, 18, 19], moatomy
BbI00p 3 dextuBHBIX KII ocTaercs akTyanbHBIM.

[TepcrieKTUBHBIM HANIPaBICHUEM SIBIISIETCS U3yYe-
HHUE MOJEKYJISIPHBIX MEXaHU3MOB B3aUMOJACHCTBUS
KII ¢ xineTouHpIMH MeMOpaHaMH C TIOMOIIBIO (Iyo-
pecuenTHbIX 30H10B [2]. [Tockonbky ans CC, xak u
JUISL CTIEPMATO30HIOB JIPYTHUX MIICKOIUTAIONINX, Xa-
PaKTEpHBI CJIOXKHAsT MOP(OJIOrUs, HEOJHOPOIHAS
CTPYKTypa IIUTOCKEJIETa ¥ TeTepOTeHHAs ITUTOIIa3Ma-
THYeCKas MeMOpaHa, OTIUYAIOIIAsCsd COCTaBOM H
CBOICTBaMHU Ha pa3HBIX ydacTkax [5], To mHTEp-
TIpETaIis JaHHBIX, TOJIYICHHBIX METOI0M (hiryopec-
LIEHTHBIX 30HJO0B Ha IEIBIX KIETKaX, JOCTATOYHO
cioxHa. B cBfA3m ¢ 3THM 1enecooOpa3HO TpUMe-
HEHHE MOJEIIbHBIX CUCTEM, HAlIpUMED JIUIIOCOM [3].

Lens HacTOsAMICH PabOTHI — UCCIICIOBAHNE BIIUSI-
wust KII: OI, N,N-gumetundopmamuga (JJMDA),
[JIMIIEpUHA Ha UCKYCCTBEHHBIE MEMOpaHbl (JIMTIOCO-
MbI), chOpMHUPOBaHHBIE N3 CyMMapHBIX Junuaos CC
METOZI0M (PITyOpECIIEHTHBIX 30H]IOB.

Matepnanbl 1 meToAbI

CnepMy 3-X KIMHHUYIECKH 370POBBIX KOOEIIeH 10-
POIIbI POTBEMIIED MTOJTyYaJIH IPY KOMHATHOM TeMIepa-
Type (20°C) c moMoLIBI0 Maccaka MpeACTaTeIbHOI
JKeJle3bl B IPUCYTCTBUHU ICTPAIBHOM caMku [7].
KonueHTpanuo crepMaTo30M10B ONPEEISIN BH-
3yalibHO 1ozl MUKpockonoM “buonap” (Ilonpma). J{ns
noinydeHus cyMMmapHbiX JunuaoB CC 3AKyJIsSITH
O00BEIUHSITA U OTMBIBAJIM OT CHEPMaJIbHON IIA3MBI
TpeXKpaTHbIM LeHTprdyrupoBanueM mpu 3000 06/mMun
B Teuenne 10 muH. Jlumumaer sxctparupoBanu nu3z CC
o MOTU(HUIIMPOBAHHON MeToIUKE [4].

OmHOCTOWHBIE TUTIOCOMBI CO CPEHUM AHAMETPOM
80-100 HM noTy9anu U3 MpeaBapuTEIbHO PACTBOPEH-
HbIX B 10 %- M pacTBOpe CIMpTa CyMMapHBIX JIHIH0B
CC UHXEKITMOHHBIM METOIOM C TTOCISAYIOMNUM JTHa-
JIM30M HPOTUB (HPU3HOJIOTHYECKOTO pacTBopa ¢ 5 MM
Hatpuii-¢pocharaeiM Oydepom [2]. Konuenrpauus
JUIHJOB B ONBITaX COCTaBIsUIA 4,7 MI/MIL.

Kpuonporekropsl Mmapku “x.4.” unu “g.m.a.”
(“Peaxum”, Poccrs) AOMONMHUTEIBHO OYMInanu. [u-
uepuH u JIM®A noasepraiy JByKpaTHOM BaKy yMHON
neperonke, JI ouuInany TeM ke CrocoooM, HO C Ipe-
BapHUTEIbHON 00pabOTKON aKTUBUPOBAHHBIM YIJIEM
mapku “A” [1]. Konnentpanuro KII Beipakanu B
00BEMHBIX MTPOIEHTAX.

B pab6oTe ucmonb30Bat HOBBIH (IIyOpecieHTHBIH
3001 3-ruapokcu-4‘-(N,N-numernnamMuHo)haaBoH
(D®ME) xmacca runpokcudnasononos [11] (puc. 1),
KOTOPBI NPUMEHSUIM B BUJE CIIMPTOBOTO PacTBOpa
(7%10* M), mo0aBisIM B CYCIEH3HIO JIUTIOCOM [0
KOHEUHOH KoHIleHTpanuH 3,6X10° M 3a 15 muH 10 Ha-
yaJjla U3MEpEHUi.
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Perspective direction is the studying of molecular
mechanisms of CPAs interaction with cell membranes
using fluorescent probes [2]. Since for CS the same
as for all other mammalian spermatozoa a complicated
morphology, non-uniform cytoskeletal structure and
heterogenous cytoplasm membrane, differing by the
composition and properties at different sites [5], are
characteristic, then the interpreting of data obtained
by means of fluorescent probes in the solid cells is
quite difficult. Herewith it is expedient to apply model
systems, for instance liposomes [3].

The research aim was to investigate the effect of
CPAs: EG, N,N-dimethylformamide (DMFA), glycerol,
on artificial membranes (liposomes) formed from total
lipids of CS by means of fluorescent probes.

Materials and methods

The sperm from 3 clinically healthy male dogs of
Rottweiler breed were obtained at room temperature
(20°C) by means of prostate massage in presence of
estrum female [7]. Spermatozoa concentration was
visually found with microscope (“Biolar”, Poland). To
obtain total CS lipids the ejaculates were joined and
washed-out from sperm plasma with three-fold
centrifugation at 3000 rot/min for 10 min. Lipids were
extracted from CS according to the modified method
[4].

Monolayer liposomes with average diameter of
80-100 nm were obtained from preliminary dissolved
in 10% alcohol solution of total CS lipids by injection
method with following dialysis vs. physiological solution
with 5 mM sodium-phosphate buffer [2]. Lipid concen-
tration in the experiments made 4.7 mg/ml.

Cryoprotectants of “chemically pure” and “pure for
analysis” grade (“Reakhim”, Russia) were additionally
purified. Glycerol and DMFA were subjected to two-
fold vacuum distillation, EG was purified in the same
manner but using a preliminary treatment with activated
carbon of grade “A” [1]. CPAs concentration was
expressed in % (v/v).

In the research we used 3-hydroxy-4’-(N,N-
dimethylamine)flavon (FME), the new fluorescent
probe of hydroxyflavonol class [11] (Fig. 1), which was
used as an alcohol solution (7%x10* M) and added to
suspension of liposomes up to final concentration of
3.6x10°M 15 min prior to the beginning of the measure-
ments.

Fluorescence spectra were recorded with spectro-
fluorimeter (Cary Eclipse, Varian, USA) with an auto-
mated correction. The width of entrance and exit slits
of monochromators made 5 nm. Fluorescence spectra
of FME were excited with the light of wave length of
405 nm and registered in the area 0of 410-650 nm. The
probe excitation spectra were recorded at the wave
lengths of 500 and 567 nm in the areas of maxima of
fluorescence bands of its normal (N*) and tautomeric
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Puc. 1. CrpyxrypHas popmyna ®PME.
Fig. 1. Structural formula of FME.

CrekTpbl (IyopecueHIHH PEeruCTPUPOBAIN Ha
cunekrpodyopumerpe Cary Eclipse (Varian, CIIIA)
¢ aBTOMaTu4eckon koppekuueil. [lluprna BxonHoH 1
BBIXOAHOM 1IeIell MOHOXPOMATOPOB COCTABIIIA 5 HM.
Crexrpsl iryopectienninu @ME Bo30y:xaanu cBeToMm
¢ amrHOH BoJHBI 405 HM M perucTprupoBaiy B 00JIacTi
410-650 am. CriekTpbl BO30YKA€HHUS 30H1a PETHCTPH-
poBay Ha anuHaxX BoiH 500 u 567 HM B 00macTsax
MaKCHMYMOB M0JIOC (DTyOPECEHIIMH €r0 HOpMaJIbHOM
(N") u tayromepnoii (T*) popm. Bee criekrpanbhbie
M3MEpEeHUus MPOBOIIIIA B CTAHIAPTHBIX KBAPIEBBIX
kroBetax 1x1x3 cm npu remnepatype 20°C.

CnekTpalbHble KpPUBbIE aHAJIU3UPOBAIHU IO
nporpamme “Microcal Origin 6.0”. Tlonoxenne N*-
nojiockl aryopectieHiu @ME yTOYHSIIH ¢ TOMOIIBIO
BTOPBIX [IPOM3BOJHBIX CIIEKTPOB (uryopecreHuun. [ Ipu
CTAaTUCTUYECKOH 00paboTKe pe3ynbTaToOB HCIONb-
30Banu Metol CThIOZIEHTA C TPOrPaMMHBIM ITaKETOM
“Statgraf™.

Pe3yAbTatbl M 00CyXXAeHHe

®nyopecueHTHbIN 3081 PME npu 31€KTpOHHOM
BO30YKICHHUH CIIOCOOEH M30MEPH30BaThCs, 00pasys
N*- u T"- dopmbl. Jlannas peaxuus oOyciaoBiIeHa
BHYTPHUMOJIEKYJISIPHBIM (pOTOTIEpPEHOCOM IpoToHa [11,
14]. Kaxxnast n3 ¢popm obmamaer GiayopecrieHTHIME
cBoiicTBaMu, nostoMy B crnekrpe ®ME moxHO
HaOIrOAaTh MONOCH 3eeHo-rony6oit (N*-popma) u
xenroit smuccun (T -popma). [TonoxkeHrne 1 HHTCH-
CHUBHOCTB 3THX I10JIOC SMUCCHH 3aBUCAT OT XUMHUYEC-
KOH CTPYKTyphI 30H7a, B 44CTHOCTH OT CIIOCOOHOCTH
00pa3oBBIBATH MEXKMOJEKYISIpHbIE BOLOPOIHbBIE
CBAI3H, a TAKXKE OT IMOJSPHOCTU U BA3KOCTH MHUKpPO-
okpyxeHus. B mununaom Oucnoe ®ME pacmnona-
raercsi B 061actu pocdarHbIX TOJTOBOK M HAYAJIE TIIU-
LEepOIBHBIX OCTaTKoB nunuaos [14, 16]. Beicokas
BOCHIPHUMMYHUBOCTb 3TOTO KPAaCHUTENs K MapaMeTpaM
MHUKPOOKPYKEHHUsI 00yCIIOBUJIA €r0 MPUMCHEHHE B
HCCIIeTIOBAaHNH MEMOpPaH Pa3INYHbIX KIETOK.

B ¢wusunonornueckom u BonHoMm pactBopax KII
¢ayopecueniuss ®ME tymmrTcs BoIo#, Ipu 3TOM
CHEeKTp (HITyOpECIICHIINH TIPEACTABIICH OTHOM ITOJIOCOH.
[Ipu cBsA3pIBAaHUU 30HJAA C JUMUIHBIM OUCIOEM
JTATIOCOM, 00pa30BaHHBIX U3 CyMMapHBIX TUIHI0B CC,
HaOJIIOAI0TCSl MHOTOKPAaTHOE BO3pACTaHHE MHTEHCHB-
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(T*) forms. All spectral measurements were done in
standard quartz cuvettes 1x1x3 cm at 20°C.

Spectral curves were analyzed according to
“Microcal Origin 6.0” software. The position of N*-
FME fluorescence band was specified using second
derivatives of fluorescent spectra. During statistical
processing of the results the Student’s method with
“Statgraph” software was used.

Results and discussion

FME fluorescent probe at electron excitation is
capable of isomerisation by forming N* and T* forms.
This reaction is stipulated with intramolecular photo-
transfer of a proton [11, 14]. Each of the forms has
fluorescent properties therefore in FME spectrum may
be observed the bands of green-blue (N* form) and
yellow (T* form) emission. The position and intensity
of these emission bands depend on chemical structure
of the probe, in particular on the ability to form
intermolecular hydrogen bonds, as well as on the polarity
and viscosity of microenvironment. In lipid bilayer FME
is localized in the area of phosphate heads and the
edge of lipid glycerol residues [ 14, 16]. High susceptibi-
lity of this dye to microenvironment parameters
stipulated its application in the study of membranes of
various cells.

In physiological and aqueous solutions of CPAs the
FME fluorescence is quenched by water, herewith the
fluorescence spectrum is represented with one band.
During binding of the probe with lipid bilayer of
liposomes formed from total lipids of CS multiple rise
in the intensity of fluorescence and change in the shape
of spectrum curve are observed, where long wave T*
fluorescence band with the maximum at 567+1 and
short wave N* band about 490+2 nm (Fig. 2) are dis-
tinctly observed. The value of intensity ratio of FME’s
N*and T* fluorescence bands (found as I, /1. ratio)
in liposmes of this type makes 0.24+0.01 in combination
with short wave position of N* band is stipulated by
the presence in liposomes of significant cholesterol
amount and formation of resistant complexes between
cholesterol and some kinds of phospholipids [20].

The obtained results have shown that all studied
CPAs reduce the fluorescence quantum yield of FME,
bound with lipid bilayer however they affect in diffe-
rent extent the intensity and position of N* and T*
fluorescence bands. Fig. 3 demonstrates the example
of FME titration by DMFA in liposomes formed from
total CS lipids. Fig. 4 shows the normalized spectra of
FME fluorescence during titration differing most of all
on their chemical structure CPAs: glycerol and DMFA.

In investigated concentration area of the glycerol
renders the least effect on the shape of spectrum of
FME fluorescence: spectrum keeps two-band structure
when increasing the glycerol content in the medium
up to 14% (Fig. 4, a). Similar effect on FME fluo-
rescence spectrum is also rendered by EG. In contrast
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Fig. 2. Spectra of excitation (1, 2) and fluorescence (3) of
FME probe in liposomes from total CS lipids: )\reg=567 nm;
)\reg=500 nm; A =405 nm.

HOCTH ()JIyOPECIICHIIMK K U3MEHEHHE (POPMBI KPUBOI
CIIEKTPa, B KOTOPOM OTYETIUBO MPOSBIISTFOTCS JITHH-
HOBOJIHOBast T"-mostoca uryopeciieHInu ¢ MaKCHUMY -
MoM mpH 567+1 HM U KOpOTKOBONHOBass N'-monoca
okono 490+2 uwm (puc. 2). BenuunHa oTHOIICHUS
uaTeHcuBHocTedl N°- u T -mosoc duyopecrieHnmn
®ME (ompenensemoro kak coornouenue I, /1. ) B
JIMIocoMax JaHHoro Bujaa cocrtapisieT 0,24+0,01.
BepostHo, cTons Huskas Benuunna I, /1. B coue-
TAHHUHU C KOPOTKOBOJHOBBIM IOJI0KEHHEM N -I10JI0CHI
00yCIIOBIIeHa PUCYTCTBUEM B JIMITOCOMAX 3HAYUTENb-
HOTO KOJMYECTBA XOJIECTepHUHa U 00pa3oBaHUEM yC-
TOWYHUBEIX KOMIUIEKCOB MEXKTY XOJIECTEPHHOM U HEKO-
TOpBIMU BUIaMH Gocdonumuaos [20].

[lomydenHbie pe3ynbTaThl MOKA3ald, YTO BCE HC-
cnenoBannbie KI1 cHIKalOT KBaHTOBBIN BBIXO (hITyO-
pecuennuu ®ME, cBI3aHHOTO C JIMITUAHBIM OHUCIIOEM,
OJHAKO OHHU B Pa3JIMYHON CTENEHHU BIMUAIOT Ha
HHTEHCUBHOCTD | mosioxkenue N*- u T"- mosoc diyo-
pecuenuuu. Ha puc. 3 npeacrasieH npumep TUTPO-
Banus gumerundopmamugaom ®ME B nunocomax,
chopMUpOBaHHBIX U3 cyMMapHbix JunuaoB CC. Ha
pHC. 4 IpUBEICHBI HOPMHUPOBAHHBIE CIIEKTPHI (Tyopec-
nenrm @ME nipy TuTpoBaHM HanOOoJIee OTIMYAIOIIH-
MHCS IO cBoer xuMuueckoit ctpykrype KII — rune-
pusoM u JIMOA.

B uccnenoBanHo# 007aCTH KOHIICHTPAIIHH TITHIIE-
PHYH OKa3bIBaeT HAMMEHBIIIEe BIUSHUE Ha (DOPMY CIIeK-
Tpa pnyopecuenunn ®PME: ciekTp coxpaHseT AByX-
MOJIOCHYIO CTPYKTYPY IIPU YBEJIUYEHUU COAEP KAHUS
rmunepuHa B cpene no 14% (puc. 4, a). CxonHoe
BIMsIHKME Ha crieKTpbl ¢uryopecueHunn OME okasbl-
BaeT takxke OI. B ornuuue ot stux KII Biausnue
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to these CPAs the DMFA effect is strengthened with
a rise in its concentration in the solution (Fig. 4b).
Herewith the FME spectrum shape approaches to
single-band and its maximum shifts towards short wave
side by 2.5+0.5 nm at 14% DMFA content in the
medium. Similar changes of the shape and localization
of FME fluorescence spectrum bands are characteristic
for the probe being in the solution.

Additional information on the effect of CPAs on
lipid bilayer may be obtained from probe excitation
spectra (Fig. 5). Insignificant changes of the position
and half-width of FME excitation spectra bands after
introduction of glycerol and EG testify to the fact that
probe microenvironment in the presence of these CPAs
alters slightly. In DMFA presence there is observed
slight long wave shift of excitation spectra bands (by
[D.5 nm) as well as their broadening speaking about
the rise in heterogeneity of FME microenvironment in
membranes. The obtained data enable the supposing
that glycerol and EG affect only hydrate layer of
liposomes surrounding the area of lipid polar heads in
contrast to them DMFA is capable of penetrating
deeper competing with FME for the site of binding in
liposomes.

Since FME is capable of embedding into lipid bilayer
of into both the area of polar heads and the edge of
lipid carbohydrate tails, it is important to estimate the
effect of the studied CPAs on the ratio of 1/,
reflecting polarity and heterogeneity of probe environ-
ment in membranes. In the presence of all the studied
CPAs there is observed the growth of I, /I ratio
the most manifested in case of DMFA (Fig .6). The
data on the effect of CPAs under 14% concentration
on the ratio of N* and T* bands of FME fluorescence
in lipid bilayer are presented in the Table: glycerol and

400
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” ]
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MHTeHcuBHOCTL |, ycn.ea.
Intensity |, rel. u
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[OnnHa BOMHbI,HM
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Puc. 3. TutpoBaHue BcTpoeHHOTO B nunocomsl ®ME
BO3pacTaroMMU KOHUeHTpauusmMu JMOA.

Fig 3. Titration of FME embedded into liposomes with in-
creasing DMFA concentrations.
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Fig. 4. Effect of glycerol (a) and DMFA (b) under concentrations of 0-14% on leveled FME fluorescence spectra in

liposomes from total CS lipids.

JAM®A ycunmBaeTcst 0 Mepe YBEIMUEHUS €r0 KOH-
LIEHTpaIuu B pacTBope (puc. 4, 6). [Ipu atom popma
cnektpa ®PME nmpubmmkaercs K 0OJHOMIOJIOCHO, a ero
MaKCHMYM CABHUTAETCSl B KOPOTKOBOJIHOBYIO CTOPOHY
Ha 2,5+0,5 am npu cogepxannu [IM®PA B cpene 14%.
[Tomo6ubIe M3MeHeHNs (HOPMBI U TTOJIOKEHUS TI0JI0C
cnektpa dpiayopectiennnu @PME xapakTepHsI 17151 30H-
J1a, HaXOJAIIErocsl B PacTBOPE.

Hononaurensayro nHpopmanuio o Biusiauu K11 Ha
JIMITUTHBIA OMCIION MOYKHO MOTYYHUTh U3 CIEKTPOB BO3-
OyxneHus 3oHn1a (puc. 5). HesnaunrensHbie u3Me-
HEHUSI [TOJI0KEHUS 1 TTIOJTYIIMPUHBI [TOJIOC CTIEKTPOB BO3-
oyxnenuss ®ME mnocie BBeneHus rmunepuna u DI
CBUIETEIHCTBYIOT O TOM, YTO MHUKPOOKPYKEHHE
30H1a B npucytcrBun 3tux KII m3mensiercs Hecy-
mecTBeHHo. B npucyrcrBumn JIM®DA Habmonatorces
HeOOIbIIOE MNJIMHHOBOJIHOBOE CMEIIEHHE MOJIOC
CIEKTPOB B030YkIIeH s (Ha ~2,5 HM) ¥ HX YUIUPEHUE,
CBUIETEIHCTBYIOIIEE O MOBBIIIEHNN T€TEPOTeHHOCTH
Mukpookpyskeanst ®ME B memOpanax. Ha ocHoBanuu
MOJYYSHHBIX JAHHBIX MOXKHO HPEANOJIOXKUTH, YTO
muuepud U D17 BIUAIOT TOJIBKO HA TUAPATHBIA CIION
JIUIIOCOM, OKPYKaIOLIH 001aCTh HOISIPHBIX TOJIOBOK
JUNHUIOB, B oTiiHane oT HuX JIM®PA criocobeH mpoHu-
KaTb DryOxe, KoHKypupys ¢ ®ME 3a mecra cBsi3bIBa-
HUS B JINTIOCOMAX.

[ockonpky ®ME cmiocoOeH BCTpanBaThCs B JIH-
TIAAHBIN OMCITOH HE TOJIEKO B 00JTaCTh MOJISIPHBIX *‘TOJIO-
BOK”’, HO 1 B 00JTaCTh HaYaJ1a yIJIeBOOPOIHEIX “XBOC-
TOB” JIUNIU/IOB, BA)KHO OLIEHUTH BIUSHNE N3y9aEeMBbIX
KIT na othomenwe I, /I, _, oTpakaroiee noIApHOCTh
U TETEPOreHHOCTh MHUKPOOKDPYKEHHS 30HIA B MEM-
Opanax. B mpucyrctBum Bcex ucciemnoBanHbix KII

Habaronaercs poct orHomenus I, /1, ., Hanbomee
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EG increase the value of I, /I, in respect to the
control by 20 and 24%, correspondingly and DMFA
by 44%. These data also confirm the fact that DMFA
actively interacts with liposomes by significantly
changing the shape and position of FME fluorescence
spectrum bound with artificial membrane.

Additional criterion of the probe microenvironment
properties in lipid bilayer is the position of fluorescence
bands. The position of T* form of the probe is shifted
towards short-wave area by 2 nm approximately with

-
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. .
400 500
[nnHa BOMHbI,HM
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Puc. 5. Bausnue KII B xoHuentpauuu 14% Ha HOpMU-
pOBaHHBIE CTIEKTPHI BO30YxaeHus ¢iyopecuenimn ®PME B
JUIocoMax u3 cyMMapHbIX TunuaoB CC: 1 — KoHTpob; 2 —
muuepus; 3 — 21 4 — IMOA.

Fig. 5. Effect of 14% CPAs on normalized excitation spectra
of [, /1 ;,, FME fluorescence in liposomes form total CS
lipicAis: 1 —control; 2 — glycerol; 3 — EG; 4 — DMFA.
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BeIpakeHHBIN B cirydae JIM®A (puc.6). JlanHbie o
pimsiavn KIT B kornentpanuu 14% Ha otHOIIEHHE N~
u T"-nonoc ¢uyopecuenimu ®ME B nunuaaoM 6ucioe
MpUBEACHH B Tabnuue: muiepud U O HOBBILIAIOT
Beauuuny I, /I, 110 OTHOLIEHHIO K KOHTpOIIO Ha 20
u 24 % cootBeTcTBeHHO, a JIMDA — Ha 44 %. OTHn
JaHHbIE TaKXKe MOATBepkAatoT, uto JIM®PA akTHBHO
B3aMMOJICHCTBYET C JIUIOCOMaMH, 3HAYUTEIBHO U3Me-
HAg (HopMy | TMOJIOKEHHE TIOJIoC CrieKTpa (piryopec-
neniuu @ME, cBSI3aHHOTO ¢ HCKYCCTBEHHON MeMOpa-
HOM.

JlonONMHUTENBHBIM KPUTEPUEM CBOMCTB MHKpPO-
OKpY>KEeHHS 30Ha B JIUITHUIHOM OHCIIOE ABIISIETCS TTOJI0-
*eHwe nosoc pmyopectentmu. [onoxkenne T -hopMsr
30HJa CMEUIAeTCsl B KOPOTKOBOJHOBYIO 00JacTh
MPUOTU3UTENHHO HA 2 HM NPU yBEITUYEHUH KOHIICH-
Tpauuu munepuHa u Ol no 14 %, a B cmydae [IM®DA —
Ha 5 HM (puc. 7, 0). B To e BpeMs monoxeHuUe
N*-monochl mpy Bo3pacTaroIiux KoHeHTpanusx KI1
(rmunepun, OI' u IM®PA) no 9% npakTuuecku He
M3MEHseTCs (B Mpenenax OMMOKH IKCIIEPUMEHTa) U
PE3KO CABUTAETCS B JIMHHOBOIHOBYIO CTOPOHY IIPH
koH1eHTparusax JIM®A 6onee 9% (puc.7, a). Bzaum-
Hoe commKenune mookerns N*- u T -momoc diryopec-
nennuyd @ME B nmunugHoM Ouciioe, HaOI0gaeMoe B
npucytctBuu JJM®A npu koH1eHTparuu 6onee 9%,
BO3MO)KHO CBHUJICTENILCTBYET 00 YBEJIWYECHUH COOEP-
JKaHUs B OKPYKEHHMH 30HAAa JOHOPOB BOAOPOJHOMN
CBsI3U (MOJIEKYJ BOJBI HJIM CAMOTO KPHOIIPOTEKTOPa)
[2, 11]. BeposaTHO, IpH 3THX KOHLEHTPALMSIX HAYUHAET
NpOABIATHCS 3aMETHOE “pasymnopsounBaroliee”
iusaHue JIM®A Ha cTpyKTypy JIUIIOCOM, IPUBOAALIEE
K YBEIMYEHHUIO KOIMYECTBA MOJIEKYJ BOJBI WU
KPHOIIPOTEKTOpa B Havajie HEMmoJsApHON obiacTu
nunuaHoro oucnos. Boamoxxna koukypenuus JIM®A
¢ ®ME 3a mecTa CBSA3bIBaHHS HA MEMOpaHe, IPH TOM
KPHOIIPOTEKTOP YACTUIHO BBITECHSIET 30H/I U3 JINTIOCOM
B PacTBOD.

YuuThIBasi, ¢ OJHON CTOPOHBI, Pa3JIMUYUs JUIIO-
¢wmpHOCTH HccnenyeMbix KIT (koadduuumentsr pac-
MpEAEICHNs B CUCTEME BOJA-OKTaHOJ COCTaBIISIOT
0,005; 0,040; 0,233 ms mmunepuna, 1" u JIMDA coor-
BETCTBEHHO [5]), MOKHO TIPE/IIIOII0KUTh, YTO HAHOO-
nee “ruapodo0HbIit” JIM®A (1o cpaBHEHHIO C IIHLIe-
pusoM u OI') criocobeH k ruapodoOHOMY B3aUMO-
neiicTBuro ¢ munuaamu o6ucnos. C Apyroi CTOPOHBI,
Bce uccinemyembie KIT 06pa3yioT cuiabHBIE BOJIOPOI-
HbIE CBA3HM C MOJIEKYJIaMH BOIBI U MOTYT BJIHATH Ha
CTPYKTypy HE TOJIBKO CBOOOJHOM, HO M CBA3aHHOM C
MIOJIAPHBIMU TOJIOBKAMH JIUMIHUO0B (THAPATHOMN ) BOIBI
[5]. 3HaueHUsT TUIOIHHOTO MOMEHTA y TIHIIEPUHA —
2,56, OI' — 2,28, IM®A — 3,86 JI. Takum oOpazom, 1o
MOJISIPHOCTH 3TH BELLIECTBA MO>KHO PACIIOI0KUTH B PSLI:
AM®DA>ruuepun>2I. 13 uccnenosannsix KII Tomns-
Ko B Moniekyie JIM®PA He nmeeTcsi IpOTOHAOHOPHBIX
LIEHTPOB, B TO BpeMsI KaK NIMIIEPUH UMEET HauOOobIIee
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Bmusanue KII (14%) na otHOmenne N*- u T*- monoc
hayopecuennm ®ME B mumocomMax U3 cyMMapHBIX
JmnugoB CC

Effect of CPAs (14%) on the ratio of N* and T* bands of
FME fluorescence in liposomes from total CS lipids

M3menenue o
OTHOIIEHUIO K
KOHTPOAIO, %
Change vs. the
control,%

KI1

Cryoprotectant 490" 7567

A

Glyeerol 0,300,02 20
aor
= 0,31%0,02 24
AM®A
DMEA 0,36=0,01 44

the increase in concentrations of glycerol and EG up
to 14% and by 5% in case of DMFA (Fig. 7,b). At the
same time the position of N* band under increasing
concentrations of CPAs (glycerol, EG and DMFA) up
to 9% practically did not change (within error of
experiment) and sharply shifted towards long wave
side under DMFA concentrations, exceeding 9%
(Fig. 7, a). Mutual approaching of the positions of FME
N*and T* fluorescence bands in lipid bilayer observed
in the presence of DMFA under the concentration hig-
her than 9% likely testifies to an increse in the content
of hydrogen bond donor (either water molecules, or
cryoprotectant itself) in probe environment [2, 11].
Under these concentrations a remarkable DMFA
“disordering” effect on the structure of liposomes,
resulting in the rise of amount of water molecules or

0,361
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KoHueHTpauusa kpuonpotektopa, %
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CooTHoweHne nHteHcusHocTen |, /1
Intensity ratio 1,4/l

Puc. 6. Bmussaue KI1 Ha oTHOmIEHHE TI0J10C (DITyOpECIICHITH
®ME I, /I, B iunocomax u3 cymmapHbix unuaos CC: 1 —
IIMLEPUH; E —-0I; 3 - IMO®A.

Fig. 6. Effect of CPAs in respect of FME fluorescence bands
in liposomes form total CS lipids: 1 — glycerol; 2 -EG; 3 —
DMFA.

PROBLEMS
OF CRYOBIOLOGY
Vol. 17, 2007, N22



KOJIMYECTBO MPOTOHJOHOPHBIX IIEHTPOB M NOTEH-
LUaJILHO CTIOCOOEH K 00pa30BaHMIO 9-TH BOAOPOIHBIX
ceazeit. Cnenyer otMeTuth, uyTo JJM®DA MoxeT 00-
pa3oBbIBaTh H-CBSI3M MCKIIOUUTEIBHO C MPOTOH-
JOHOPHBIMH (PyHKIMOHANBHBIMU rpynnaMu (—OH, —
COOH, =NH, —NHZ) JIATIAOB WU MOJIEKYJIAMH BOABI.

B cocrase cymmapubix munugos CC, U3 KOTOPBIX
c(hOpMHPOBaHBI IUTIOCOMBI, ITpeodnanaroT pochatu-
mxonvH (D X) (27,5+1,0%), pocdarumuniTaHonaMH
(®3) (20,1+£0,9%), B MeHbIIIEH CTENIEHH IPEICTABIIC-
Hbl churromuenu (CM) (18,3+2,0%) u aTaHOIaMUH
mazmanored (J11) (15,3+0,9) [9]. U3BecTHO, uTOo CM
u ©X — HelTpanbHble Tunuabl, a O3 u O — “kucisie”
[8]. Conepxanue Bcex HeUTpaiabHbIX TUNuA0B B CC
coctanmsier 49,4% ot obmero konnyectsa hocdo-
JIUTWAOB, 8 UX (POCOIUTHIHBIE TOJIOBKH ITPAKTHYECKU
HE COZiepKaT NPOTOHAOHOPHBIX rpymilL. [losTomy MoXk-
HO MPeanoiaoxuTs, urto JIM®DA B MeHbIIeH cTeneHU
CBSI3BIBAETCS C MOJISIPHOW 00JaCThIO JTUMTUIHOTO
OHCIIOSI INTIOCOM U MTPEUMYIIIECTBEHHO BCTPAaNBaETCS
B HAYaJIo €ro HETMOJIIPHOH 00acT ImyTeM ruapodo0-
Horo B3aumopeiictBus. OnHako HaIWu4yue “KHUCIBIX
unuoB (35,4%), IMEoLTIX TPOTOHAOHOPHBIE TPYTI-
IIbI, HE MCKJIFOYaeT BO3MOXHOCTH 00pa30BaHUs BOIO-
ponHsIx cBsazert JIM®A ¢ Humu. [lostomy, naxxe npu
BBICOKHX KoHIeHTpamsx JIM®A, coxpansiercs ¢uryo-
pecuenuuss ®ME, cBA3aHHOrO C JUIIOCOMAaMH, UTO
MTOATBEPIKIAeT JIHUIIb YaCTUYHOE BBHITECHEHHE 30H/1A
B pacTBOp noJ BiuusgHUeM 31oro KII.

[MonydeHHbIE pe3ynbTaThl CBHACTEIBCTBYIOT O
ToM, 9T0 JIM®DA OKa3sIBacT HaUOOJBIIIEE BO3ICHCT-
BH€ Ha JUNUIHBIA Ouciton nmumnocoM. 1o usMeHeHnro
nonoxenus N'- u T*-1mos0c 30HAa ¥ HHTEHCHUBHOCTH
ux QuyopecueHnuu nocie Beeaenus J[M®DA B
CYCHEH3HIO JINTIOCOM MOHO TPEATION0NKHUTh, YTO

(&} [6)]
P N
o o
I I
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Cryoprotectant concentration, %

cryoprotectant is getting manifested on the edge of
non-polar lipid bilayer area. The competition between
DMFA and FME is possible because of the binding
site on membrane, herewith cryoprotectant partially
displaces probe from liposomes into the solution.

Taking into account from one hand the differences
in lipophility of the studied CPAs (distribution coef-
ficients in water-octanol system makes 0.005; 0.040;
0.233 for glycerol, EG and DMFA, correspondingly
[5]) it may be supposed that as the most “hydrophobic”
DMFA (if compared with glycerol and EG) is capable
of hydrophobic interaction with bilayer lipids. Form
another hand, all studied CPAs form strong hydrogen
bonds with water molecules and may affect the water
structure both free one and bound with lipid polar heads
[5]. Values of dipole moment in glycerol are 2.56, 2.28
for EG and 3.86 for DMFA. Thus on polarity these
substances may be placed in the row: DMFA>
glycerol>EG. From the studied CPAs only in the
molecule of DMFA there are no proton-donor centers,
whilst as glycerol has a big number of proton-donor
centers and potential ability of forming 9 hydrogen
bonds. It should be noted that DMFA can form H-
bonds exceptionally with lipid proton-donor functional
groups (-OH, ~COOH, =NH, —-NH,) or water mole-
cules.

As a part of total CS lipids, forming liposomes,
phosphatidyl choline (PC) — (27.5+1.0%), phosphatidyl
ethanolamine (PEA) (20.1+0.9%), predominate, in less
extent there presented sphingomyelin (SM) (18.3+
2.0%) and ethanolamine plasmalogen (EP) (15.3+
0.9%) [8]. It is known that SM and PC are neutral li-
pids, PEA and EP are “acid” ones [9]. The content of
all neutral lipids in CS makes 49.4% from total amount
of phospholipids and their phospholipid heads do not
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Puc. 7. Bnusaue KIT Ha nonoxenue N*- (a) u T*- (6) nonoc ¢pyopecuenunn ®ME B munocoMax 13 CyMMapHBIX JIUIHAOB

CC: 1 —muuepun; 2 —30I'; 3 — IMOA.

Fig. 7. Effect of CPAs on the position of N* (a) and T* (b) bands of FME fluorescence in liposomes form total CS lipids: 1 —

glycerol; 2 - EG; 3 —-DMFA

NMPOBJIEMbI
KPMOBMOJIOITUM
T. 17, 2007, N22

PROBLEMS
OF CRYOBIOLOGY
Vol. 17, 2007, N22



Tonpko [IM®PA ob6namaer crnocoOHOCTHIO MPOHHUKATh
HENOCPEICTBEHHO Yepe3 JUMUAHBIH OUCIION myTem
ruapodhoOHOrO B3anMoneHCTBHS. Pe3koe n3MeHeHne
(dhopmel criektpa dayopectienimn ®ME B munocomax
Ipu MoBbIIeHUH KoHueHTpauun JJM®PA Gonee 9%
MOXET OBITh J0Ka3aTeIbCTBOM TOI0, YTO JaHHAs
KOHIIGHTPAIHS SBISIETCS IIOPOTOBOM IS JIUITHTHOTO
OHCII0s TaHHOTO COCTaBa, IIPH MPEBBILIEHUH KOTOPOi
BO3MOKHBI KOH(OPMaLOHHBIE U3MEHEHHS JIUMUAOB.
Cnenyer OTMETHTH, YTO ONTHMAaJbHAsE KOHIIEH-
tpamus JJM®A, ucrionp3yemas Al KpUOKOHCEPBH-
poBanus CC [6] u npyrux OHOIOTHIECKUX O0OBEKTOB
[5], ne mpeBbimaet 1 M (7,5%). Ilockonbky B 0011y O
HUTOTOKCUYHOCTH [IM®DA 0CHOBHOH BKJ1a/l BHOCUT HE
OCMOTHYECKas, a XUMHIECKast KOMITOHEeHTa [ 5], oy~
YeHHBIE PEe3yNbTAaThl MOXHO HMCIIOJb30BaTh JJIS
o0bsicHeHus Mexannu3ma BiusiHus K11 Ha memOpaHbl
KJIETOK, B YaCTHOCTH cliepMaTo30unoB. [Ipumenenne
dbmyopectieaTHoro 30012 PME 17151 M3ydeHus: Mmexa-
Hu3MoB geiictBus KII Ha MomelbHBIX 00BEKTaxX
(JIIocomax) Ho3BOJISAET OLIEHUTD PEIENIbHO JOITYCTH-
MYIO IJIsI KPUOKOHCEPBUPOBAHUS KJIETOK KOHILIEH-
Tpauuto K11, npu noBeIeHMH KOTOPOil MOT'YT CyIIECT-
BEHHO IMOBPEXAATHCS KJIETOYHBIE MEMOPaHBI, a TAK)Ke
oTpeAeNuTh Hanboliee BEPOATHBINA MyTh MPOHUKHO-
Benus KII uepes kiieTouHble MEMOpaHbI ¥, HAKOHEII,
6osee TIyOOKO OOBSCHUTH MEXaHHM3M KaK MOBPEXK-
Jaroniero, Tak U kpuoszamurtHoro aectBus KII Ha
MOJICKYJISIPHOM U KJIETOUHOM YPOBHSIX.

BbiBOAbI

1. YcranoBieHo, 4yTo U3 Tpex u3dydeHHnlx KII
(rmunepun, OI, JIM®A) Hanbonbliee BIUSHHE Ha
¢dopmy cnexrpa dayopecuenunun ®ME, koTopsrii
CBSI3aH C JIMMUAHBIM OMCIIOEM JIUTIOCOM, IIPUTOTOBJICH-
HBIX U3 cyMMapHbIX TununoB CC, okaspiBaet [IM®DA.

2. IlokazaHo, YTO CTeNeHb BIMSHUSA U3YYEHHBIX
KII na nuniocomsl onpenensiercs ruApohoOHO-THAPO-
¢uapHBIM OamancoM ux monekyn: IAM®DA mpenmy-
IECTBEHHO BO3JCHCTBYET Ha JMUMHUIAHBIA OuCION
myTeM TuApopoOHOTo B3aUMOICHCTBUS, a NIULEPHH
u Ol BIUAIOT HA THAPATHBIN CIIOH MOJIAPHBIX “TOJIO-
BOK” (hochoTMIuI0B, 00pa3yst MPU 3TOM MEIKMOJICKY-
JISIpHBIE BOJIOPOJIHBIE CBSI3H.
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practically contain proton-donor groups. Therefore it
may be supposed that DMFA in less extent binds polar
area by hydrophobic interaction. However the
presence of “acid” lipids (35.4%) having proton-donor
groups does not exclude the possibility of the formation
of hydrogen bonds of DMFA with them. Therefore,
even under high DMFA concentrations the fluore-
scence of FME bond with liposomes was preserved,
that confirmed only partial displacement of a probe
into solution under DMFA effect.

Obtained results testify to the fact that DMFA
renders the highest effect on lipid bilayer of liposomes.
On the change in the position of N* and T* probe
bands and the intensity of their fluorescence after
DMFA introduction into liposome suspension it may
be supposed that only DMFA is able to penctrate
directly via lipid bilayer by means of hydrophobic
interaction. Sharp alterations in DME probe fluore-
scence spectrum shape in liposomes with a rise in
DMFA concentration over 9% may prove that this
concentration is a threshold one for lipid bilayer of this
composition, and if the latter is exceeded the
conformational changes of lipids are possible.

It should be noted that optimal concentration of
DMFA used for cryopreservation of CS [6] and other
biological objects [5] does not exceed 1M (7.5%). Since
in to total DMFA cytotoxicity the main contribution is
made by not osmotic but chemical component [5], the
obtained results can be used for explaining the
mechanisms of CPA effect on cell membranes,
especially spermatozoa. Application of FME fluore-
scent probe for studying the mechanisms of CPA effect
in model objects (liposomes) enables to estimate the
maximum allowed for cell cryopreservation CPA
concentration, the exceeding of which leads to signi-
ficant damage of cell membranes, as well as to find
the most probable way of CPA penetration through
cell membranes and finally to explain deeply the
mechanism of both damaging and cryoprotective effect
of CPAs at molecular and cells levels.

Conclusions

1. It has been established that among three
studied CPAs (glycerol, EG, DMFA) the highest effect
on the form of FME probe fluorescence spectrum
bound with liposome lipid bilayer prepared from total
lipids of CS is rendered by DMFA.

2. It has been shown that the effect rate of the
studied CPAs on liposomes is determined by hydro-
phobic-hydrophilic interaction and glycerol and EG
affect hydrate layer of polar “heads” of phospholipids
by forming herewith intermolecular hydrogen bonds.
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