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Interactions of Cryoprotectants with Liposomes
from Total Lipids of the Fowl Spermatozoa

C ucnonp3oBanueM ¢uyopectentHoro 3ouga ®ME uccnenoBano B3auMoeiicTBue ¢ JIMIOCOMaMH, C(OPMUPOBAHHBIMU U3
CyMMapHBIX JUNUI0B ciiepMaro3onoB neryxa (CJICII), kpuonporekropos: stuinenriukons (31), 1,2-nponananona (1,2-I111), N,N-
mumermndopmamuaa (JIM®PA), N,N-gumerunaneramuaa (IMALL), tunepuna u aumetucyiabpokcuaa (JJIMCO).YeraHoBICHO, 4TO
YPOBEHb BO3JCHCTBHS KPUOIMPOTEKTOPOB Ha OUCIION ompenensercs: ruapopuibHO-TuAPOGOOHBIM OaTaHCOM MX MOJIEKYT U UMEeT
KOHIIEHTPALMOHHO-3aBUCHMBIN XapakTep. [1o cTeneHn yBeaIudeHus! BIUSHUS Ha ClIeKTpanbHble TapameTpsl ¢uryopecueHunu ®ME B
nunocomax u3 CJICIT kpuonporekropsl pacnosaratorcs B psag: muuepud < DI < 1,2-I11] < IMCO < IMALl < JIM®A, yto
COIIacyeTcs ¢ POCTOM MX K03 GHIMEeHTa paciipe/ieNieHHs B CUCTeMe “Bopia-HenoisipHas daza”. PaccmarpuBaeTcst MeXaHU3M BIUSTHUS
KPHOIIPOTEKTOPOB Ha CBs3H, GOPMUpYIOLINE OUCIION.

Kniouesvie cnosa: neryx, ciepMaTo30MIbl, JIUIUBL, TUIIOCOMBI, KPHOIIPOTEKTOPHI, (PJIyOPECLEHTHBIH 30HI.

3 BukopucTaHHIM (uryopecueHTHoro 30012 PME nociimkeHo B3aeMoilo 3 TinocoMamH, siki copMoBaHi i3 CyMapHUX JiIiiB
cnepmarosoiniB miBHs (CJICII), kpionporekropi: ermienriikomo (ET), 1,2-nponangiony (1,2-T1[1), N,N-qumerundopmaminy
(AM®A), N,N-mumerunaneraminy (JIMALL), rminepuny i aumerucynabdokenny (JJMCO). BeranosiieHo, 1o piBeHb BIUIUBY Kpio-
HPOTEKTOPIB Ha OilIap BU3HAYAETHCS TAPOGUIBHO-TiIpohoOHIM GaaHCcOM TX MOJIEKYJI Ta Ma€ KOHLIEHTPALiifHO-3aJIe)KHHI XapaKTep.
3a cryneHeM 30iNbLICHHS BIUIMBY Ha CIeKTpaibHi mapamerpu ¢uyopecueHuii ®ME B ninocomax i3 CJICII kpionporekTopu
po3sramoByothest B psi: niitepun < EI' < 1,2-TT]] < IMCO < IMALL < IM®A, 110 HOromKyeThest 3i 301IbIIeHHs 1X KoedinieHTa
posmoniny B cucTeMi “Boja-HemoisipHa (aza”. OOGroBOpIOETHCS MEXaHi3M BIUIMBY KPiONPOTEKTOPIiB Ha 3B’SI3KH, SIKi (OPMYIOTh
Gimap.

Knrwowuoei crosa: niseHb, CiepMaTo30i/IH, JilTi I, JIIMOCOMH, KPIOMTPOTEKTOPH, (ITyOPECIICHTHUMN 30H]I.

Using the fluorescent probe FME we studied interactions of the cryoprotectants: ethylene glycol (EG), 1,2-propane diol (1,2-
PD), N,N-dimethyl formamide (DMFA), N,N-dimethyl acetamide (DMAc), glycerol and dimethyl sulfoxide (DMSO) with liposomes
made from the fowl spermatozoa total lipid (FSTL). It was established that the level of CP impacts on bilayer is determined by
hydrophilic-hydrophobic balance of their molecules and showed a concentration dependence. The cryoprotectants are ranked by their
increasing influence on FME fluorescence spectral parameters in RSTL liposomes as follows: glycerol < EG < 1,2-PD < DMSO <
DMAc < DMFA, that corresponds the growth in their distribution coefficients in the system “water — non-polar phase”. A mechanism

of the cryoprotectant impacts on bonds forming bilayer is discussed.
Key words: fowl spermatozoa, lipids, liposomes, cryoprotectants, fluorescent probe.

s KpHOKOHCEPBUPOBAHUS CIEPMBI METYXOB
pa3paboTaHbl aIbTePHATHBHBIC METOIBI, OCHOBAHHBIC
Ha WCTOJIb30BAaHUM Pa3TUIHBIX KPUOMPOTEKTOPOB
(KII): rmunepuna, stunenomukons (317), N,N-nu-
Metmwipopmamuna (JIMDA), N,N-qumernnarneramu-
na (AMALL) u mumetuncynbdokcuna (JIMCO) [11],
OJIHAKO BCE€ OHU MMEIOT OIpeNeIeHHbIE HEAOCTAaTKH.
OnHOM U3 MPUYHUH 3TOTO SIBISIETCS IUTOTOKCUYECKOE
nerictBue KII, ocHOBHAsI MUIIIEHb KOTOPOTO — KJIETOU-
HbIe MEMOpaHKI CIIEpMaTo30Ma0B netyxa [5, 10—13].
HecmoTps Ha TO, uTO ABneHue uToToKcuuHocT K11
naBHO oOmenpusHaHo [11], Tem He MeHee H3ydeHO
HEJOCTATOYHO, MOJIEKYJIIpHBIE OCHOBBI AeiicTBus KII
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Alternative methods for cryopreservation of the
fowl sperm based on usage of different cryopro-
tectants (CPs): glycerol, ethylene glycol (EG), N,N-
dimethyl formamide (DMFA), N,N-dimethyl acetamide
(DMACc) and dimethyl sulfoxide (DMSO) [11] have
been developed, however they all have certain dis-
advantages. One cause of this lies in CP cytotoxicity,
the main target of which is the poultry spermatozoa
cellular membranes [5, 10—13]. Despite the phenome-
non of CP cytotoxicity is universally acknowledged [11],
it is not studied enough; molecular principles of CP
impact on membranes are still unclarified. Cryo-
protectants are able to modify lipid-lipid and lipid-protein

'Institute for Problems of Cryobiology and Cryomedicine of the Na-
tional Academy of Sciences of Ukraine, Kharkov, Ukraine
2Institute of Domestic Bird Husbandry of Ukrainian Academy of
Agricultural Sciences, Village Borki, Kharkov Region

* To whom correspondence should be addressed: 23,

Pereyaslavskaya str., Kharkov, Ukraine 61015; tel.:+380 57 373
3007, fax: +380 57 373 3084, e-mail: cryo@online.kharkov.ua

of cryori)ricé?llgg;

Vol. 20, 2010, Ne1



Ha MeMOpaHBI JI0 CHX ITOp He BhIICHEHBI. Kpromnporek-
TOPBI CIOCOOHBI MOAU(DUIIMPOBATH JINTIHI-JTUITH THBIE
U JIMNUI-0eNKOBBIE B3aUMOIEHCTBUSA, U3MEHATH T10-
BEPXHOCTHBIN MOTEHINAN, BIUATh Ha aKTUBHOCTb
MeMOpanHbIX pepmenToB [11]. Onnum u3 nepcnex-
TUBHBIX ITOJIXOZI0B, NO3BOJISIOLINX OLEHUTH CTENEHb
BJIMSTHUS BHEITHUX (PaKTOPOB Ha COCTOSIHUE JINITUAHOTO
Oucios, ABIsSETCA UCTIONb30BaHNE (DIyOpPECIIEHTHBIX
30H]I0B, MOJIEKYJTbI KOTOPBIX ITPOYHO, HO HEKOBAJICHTHO
CBSI3BIBAIOTCS ¢ MEMOpaHaM#, B TOM YHCJIE U MO-
JENbHBIME, ¥ OBICTPO pearnpyroT Ha MHEKPOOKpYKe-
HUE.

Henb paboThl — McClieIOBaHUE BIUSHUS TPOHU-
katonux KII pa3nuyHbpIX XUMHUECKUX KJIACCOB: HO-
noB — OI, 1,2-npomanauona (1,2-I1]]); amunos —
AM®A, AIMALI; TproioB — IMULEPUH U CYIb(HOKCH-
noB — JIMCO Ha ucKkyccTBeHHbIE MeMOpaHbl (JIUIO-
COMBI), ChOPMHUPOBAHHBIE U3 CYMMAapHBIX JHIHOB
cnepmarosounioB nietyxoB (CJICIT) ¢ ucmonp3oBaHu-
em (ayopecuentHoro 30a1a PME.

Matepnanbl 1 meToAbI

1 necnenoBaHuil HCIONIB30BANIN CIIEPMY TIETYXOB
OpoABI poA-ainann (mpenocraBieHsl MHCTUTYTOM
nruneBonctea YAAH), xoropyro moiydanu macca-
JKeM abIoMHHAIbHOM o0acTy. KoHieHTpamuto criep-
MaTO30MI0B ONPEAEISUIN CHEKTPOPOTOMETPUUECKH
[10].

Jns nonyuenust CJICII cnepmy ot 25 meTyxoB
O00BEIUHSITA U OTMBIBAJIM OT CHEPMAJILHON IUIA3MBI
3-kpatHbIM neHTpudyrupoBanueM rnpu 3000 o6/MuH
B TeueHue 10 MuH. JInnuael u3 ciepMaTo30Ma0B dKC-
TparupoBaiy no MoauduurpoBaHHol MeTonuke baiis
u Jaidpa [8] u xpanmiu B xsopodopme mpu —20°C
[9].

OnmHOCTOWHBIE TUTIOCOMBI CO CPEHUM AHAMETPOM
80—100 HM mmosTyyanu U3 MpeaBapuTeIbHO PaCTBOPEH-
HbIX B 1 Mi1 ciimpTa CJICI HHXEeKITMOHHBIM METOIOM
C TIOCIIEAYFOIIUM Jtuain3oM pu 4°C npoTHB GPHU3HO0II0-
THYECKOr0 pacTBOpPa, IPUTOTOBIEHHOTO Ha 5 MM Har-
puii-pocdarnom oydepe, pH 7,4 [6].

Bcee KII mapku “x. 4.” wim “u. g. a.” (Peaxuwm,
Poccust) nOmosHATENBHO OYMINATH 2-KpATHOW Ba-
KyyYMHOH IIEpErOHKOH, IPEBAPUTEIBHO BBACPKUBAS
24 4 HaJl OKUCHIO AMIOMUHUS WIN aKTUBUPOBAHHBIM
yriem mapku “A” [1,14]. Konnenrparuto KI1 Beipaxka-
JIX B MaCCOBBIX IIPOIEHTAX.

B kadecTBe uryopeciieHTHOTO 30H/1a UCIIOIbh30Ba-
JIM KpacuTelb Kiacca THAPOKCU(IABOHOIOB — 3-TH/I-
pokcu-4‘-(N,N-qumerunamuuo)pnason (OPME),
npenoctaBiaeHusid B. I. [IuBoBapenko (KHY um.
T.I'. Hleuenko). st sxcriepumenToB ®ME rorosuim
B BHJIE CTUPTOBOTO pactBopa (5x10° M) u mobasisiiu
B CYCIIEH3HUIO JINIIOCOM 10 KOHEYHOM KOHLEHTpPaLUU
2,5-5%10° M 3a 15 MuH 10 Havama U3MEpPCHHIA.
CrexTpbl QuyopecueHIIUn PETUCTPUPOBATIU NPH
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interactions, to change surface potential, to affect
membrane enzymes activities [ 11]. One of the promising
approaches allowing evaluation of gravity of environ-
mental factors influence on lipid bilayer state is appli-
cation of fluorescent probes, molecules of which bind
with membranes (including model ones) tightly, but non-
covalently, and respond quickly to microenvironment.

The aim of the work is the investigation of influence
of penetrating CPs of different chemical nature: diols —
EG, 1,2-propane diol (1,2-PD); amides — DMFA,
DMAC; triols — glycerol and sulfoxides — DMSO on
artificial membranes (liposomes) formed from the fowl
spermatozoa total lipids (FSTL) with the usage of the
fluorescent probe FME.

Materials and methods

Sperm of fowls of the breed Rod Island (granted
by Institute of Domestic Bird Husbandry of Ukrainian
Academy of Agricultural Sciences), which was obtai-
ned by massaging the abdominal region, was used in
the research [10].

To get FSTL we mixed sperm from 25 fowls and
washed it out from spermal plasma by 3-time centri-
fuging at 3,000 rpm for 10 min. Lipids from sperma-
tozoa were extracted by the modified Blay and Dayer’s
technique [8] and stored in chloroform at —9°C [9].

Monolayer liposomes with the average diameter
of 80-100 nm were obtained from FSTL pre-soluted
in 1 ml of ethanol by the injection method with the fol-
lowing dialysis at 4°C against physiological solution pre-
pared on 5 mM sodium-phosphate buffer, pH 7.4 [6].

All the CPs of grade “chemically pure” or “analy-
tically pure” (Reakhim, Russia) were additionally puri-
fied by twice repeated vacuum distillation after prelimi-
nary exposure above aluminium oxide or activated car-
bon of grade “A” for 24 hours [1, 14]. The CPs’ con-
centrations are presented as mass percents.

A dye from the hydroxyflavone class, 3-hydroxy-
4’-(N,N-dimethylamino) flavone (FME) granted by
V.G. Pivovarenko (T.G. Shevchenko Kiev National
University), was used as a fluorescent probe. FME
was prepared as ethanol solution (5x10~* M) and added
to liposome suspension to the final concentration of
2.5-5%10° M 15 min prior the start of measuring.
Fluorescence spectra were registered at room tempe-
rature (20°C) on a spectrofluorimeter Cary Eclipse
(Varian, USA) with automatic correction. The width
of the monochromator inlet and outlet slits was 5 nm.
FME fluorescence spectra were excited by light with
wavelength of 405 nm and registered in the diapason
of 410-650 nm. The probe excitation spectra were
registered at the fluorescence wavelength of 570 nm.
FME fluorescence synchronic spectra were deter-
mined by scanning the excitation and fluorescence
monochromators from 200 to 550 nm with the shift
value of the monochromators AA =40 nm. To eliminate
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komHatHO# Temmeparype (20°C) Ha crekrpoduryo-
pumetpe Cary Eclipse (Varian, CIIIA) ¢ aBromaTn-
yeckol koppekuueid. [lluprna BXonMHON U BEIXOIHOH
iesiell MOHOXpOMAaTopoB cocTasisa 5 HM. CekTpsl
¢yopecuenun ®ME B030yxk1anu cBETOM € ATMHOM
BosiHBI 405 HM m perucTpupoBanu B oOmacta 410—
650 aM. CriekTpbl BO30YXAECHHUS 30HAA PETUCTPH-
poBanyM Ha AJMHE BOJHBI ¢uyopecueHmuu 570 HM.
Cunxponnslie criekTpsl uryopectenipm @PME momyga-
JIU CKaHUPOBAaHHEM MOHOXPOMAaTOPOB BO3OYXIECHUS
u ¢uryopecuernnuu ot 200 go 550 HM 1pu BenTUINHE
caBura MOHOXpoMaTopoB AA = 40 um. J{is ycrpane-
HUS KOHIIEHTPAIIIOHHOTO TYIIeHUs TIpH (pryoprmMer-
pHUYECKHX M3MEpPEeHUSAX 00pa3ubl pa3BOAWIHN Tak,
YTOOBI MX ONTHYECKAas MJIOTHOCTh HA JJIMHE BOJIHBI
B030yx1eHus GyopecueHnny He npesbiana 0,1 [6].
Bce cnexrpanbable n13MepeHus BoImonHs mpu 20°C
B CTaHAApPTHBIX KBApLEBBIX KIOBETAaX pPasMepoM
Ix1x3 cm.

CnekTpanbHble KpUBBIE aHAIU3UPOBAIM C IO-
MoIbio mporpammsl “Microcal Origin 6.0”. [Tomoxe-
uue N*- u T*-nionoc ¢uryopecuennnu ®ME yrounsim
10 BTOPBIM MPOU3BOJIHBIM CIIEKTPOB ()ITyOpECIICHIINH.

Pe3yAbTaTbl MCCAEAOBAHMIA

[Ipu anexrponHoM Bo30yxneHnn @PME criocoben
H30MepHU30BaThCs, 00pasys HopMmanbHyto (N*) u
tayTomepHyto (T*) popmer (puc. 1). [lannas peakuus
00yCIIOBII€Ha BHY TPUMOJIEKYJISIPHBIM (DOTOIIEPEHOCOM
npotoHa. Kaxkgas u3z ¢opm obnanaer dpayopecueHt-
HBIMU CBOWCTBaMH, BCJIEICTBHE YErO B CIEKTpE
OME, kak 1 1pyrux ¢GpaaBoHOJIOB, MOKHO HaOIIONATh
moJocsl 3eneHo-rony6oit (popma N*) u xentoit
(popma T*) amuccuu, Ha TIOJIOKEHUE U HHTCHCUBHOCTh
KOTOPBIX BIIHSIIOT NTapaMeTPhl MUKPOOKPYKEHHS 30H,1a
B MeMOpaHax (BSI3KOCTh, MOJSPHOCTh, CIIOCOOHOCTH
K 00pa30BaHHUIO0 MEXKMOJIECKYISIPHBIX BOJOPOIHBIX
cBszeit u ap.). B munuaaom 6ucnoe ®ME pacmona-
raercs B 00J1aCTH “TIOJISIPHBIX TOJIOBOK™ JTUITHJIOB, Tac-
THUYHO MOTPY’Kasich B TUAPO(HOOHYIO 30HY yIIIEBOIO-
poanbix nene# [18, 21].

B ¢usnonornueckom pacTBOpe U BOOHBIX PACTBO-
pax KII ¢ayopecuenuuss ®ME tymurcs BomoH, a
criexTp IIyopecLeHINH IPEACTaBIeH OAHON IOJIOCOH.
[Ipu cBsA3bIBaHNY C IMTIOCOMAaMH, 0OPa30BaHHBIMH U3
CJICII, MHOTOKpaTHO BO3pacTaeT MHTEHCHBHOCTH
¢dayopecuennun, u3MeHseTca Gopma cruekTpa, B
KOTOPOM OTYETIMBO MPOSIBISIFOTCS TIOJIOCHL: JITUHHO-
BOJTHOBasI ¢ MakcuMyMoM Tipu 570 £ 2 am (T*-nosnoca)
n KopoTkoBosiHOBag (N*-monoca) B Bue mieda c
MaKCHUMyMOM O0KoJ10 515 & 3 am (puc. 2). CpaBHUTEIB-
HO HM3Kas BeIMYMHA OTHOLICHUS! HHTEHCUBHOCTEH N*-
u T*-monoc dayopecuenuuun ®ME (F, J/F,, ) B
mmmnocomax n3 CJICII cocrtaBasger 0,41 = 0,03, gro
CBUJETENBCTBYET O BBHICOKOH TruApodoOHOCTH ero
MUKpOOKpY>xkeHus [18].
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concentration quench during fluorimetric measu-
rements we diluted samples so that their absorbancy
at the fluorescence excitation wavelength did not
exceed 0.1 [6]. All the spectral measurements were
performed at 20°C in standard quartz cuvettes of the
size of 1X1x3 cm.

Spectral curves were analysed with the Microcal
Origin 6.0 software. The positions of N* and T* FME
fluorescence bands were specified by the second
derivatives of the fluorescence spectra.

Results and discussion

When being electron-excited FME can isomerize
yielding normal (N*) and tautomeric (T*) forms (Fig. 1).
This reaction is attributed to proton intramolecular
phototransfer. Each of the forms has its fluorescence
characteristics, thereupon in FME spectrum as well
as in spectra of other flavones one can observe emis-
sion in green-blue (N* form) and yellow (T* form)
bands, positions and intensities of which are influenced
by parameters of the probe microenvironment in memb-
ranes (viscosity, polarity, capacity for forming inter-
molecular hydrogen bonds efc.). In lipid bilayer FME
settles in the lipid polar head region partially sub-
merging in hydrophobic zone of hydrocarbon chains
[18,21].

In physiological solution and in CP aqueous solutions
FME fluorescence is quenched by water, and the fluo-
rescence spectrum is presented as a single band. When
binding with liposomes produced from FSTL FME is
characterised by manyfold increased intensity of fluo-
rescence and changed spectrum shape, in which the
long wavelength band with the maximum at 570 = 5 nm
(T* band) and the short wavelenght one with the ma-
ximum at about 515 &+ 3 nm become apparent (Fig. 2).
A comparatively low ratio of the FME fluorescence

- 1%
‘®

yes

Puc. 1. XuMudeckas CTpyKTypa OCHOBHOTO M BO30Y K ICH-
Horo coctostHui 30H1a PME [18; 19] (BMIIII - BHYTpHMO-
JeKyISIPHBIN (POTOIIEPEHOC IIPOTOHA).

Fig. 1. Chemical structure of the basic and excited states of
the probe FME [18, 19] (IMPT — intramolecular photon
phototransfer).
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YcranosieHo, uro Bce ucciegoananie KII cau-
KaroT KBaHTOBBIN B0 (uryopectienninu ®ME, cas-
3aHHOTO C JTUMHUIHBIM OMCIIOE€M, OOHAKO CTENEHb X
BIIMSIHUSL HA MHTEHCUBHOCTD M NoJI0XeHue N*- i T*-
noJioc (hiyopecuenuuu pazHas. Ha puc. 3 (u nanee)
MIpeACTaBIEHbI IPUMEPHI BIUAHUS HLEpuH U JIM®DA,
HanOoJiee OTIMYAIOIIUXCS M0 CBOEH CTPYKType H
(PU3NKO-XUMHUYECKUM CBOHCTBAM B Py U3yUEHHBIX
KII, na dpopmy crnekrpoB duyopecueninu OME,
BCcTpoeHHOTO B jtumocombl 3 CJICII.

Kax BugHO U3 puc. 3, B HcciaegoBaHHONW 001acTu
KOHIICHTpAIHH TITUIIEpUH Haubosee rTuaApoQUIIbHOE 13
M3YYEeHHBIX BEIIECTB OKAa3bIBAE€T HAUMEHBIIIEE BIIHS-
HHe Ha popMy cniekTpa dhiayopectennn @PME, a 3Ha-
YHUT — U Ha JIUIIOCOMBI. CIIEKTP COXpaHsET CBOIO ABYX-
[IOJIOCHYIO CTPYKTYpY Aake NP COAEPKaHUU IVIHIIE-
puHa B cpene 20%. IlpakTnueckn Takue ke U3MeHe-
HUS HaOmromaroTes nox neiicreuem Ol

B 10 ke Bpemst nunomnsipHeIii anpoToHHBIN [IM®DA,
Oosiee THAPOQPOOHBIN IO CPABHEHHIO C TIIUIIEPHHOM,
HaYMHAET 3aMETHO BIHATH Ha ¢opmy criekrpa GDME
y’Ke TIpU KOHIIeHTparuu okono 10%, mpu gamsHeneM
noBeIIeHUH KoHIEeHTpanuu 3toro KII mcuesaer
KOpOTKOBOJHOBasi N*- 1oyioca 1 HabIonaeTcs CIBUT
MTOJIOKEHUSI MAKCIMYyMa JUTHHHOBOJTHOBOU T*- moJocs!
B KOPOTKOBOJTHOBYIO 001acTh K 554 HM. [logoOHbIe
(hopma 1 oI0XKEHHE MOTOCH! OJIM3KH K HOPMAIEHOMY
cnekrpy dyopecueHuun @ME, kotopslit HaOmonaeT-
cs B BoAHbIX pactBopax KII. Ananornunsle n3mMeHe-
Hust popmbl criektpa uryopecueHunud PME B cycnen-
3UM JIUIOCOM Habmrofarorces B npucytcrsun JMCO
u IIMALI, koTopble TaKke OTHOCATCS K AUGDUIBHBIM
AIPOTOHHBIM PacTBOpPUTENAM. B cycrneH3usx mumo-
com, cogepxamux 1,2-T1J], dopmy crnekrpa ®ME
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3ou1a ®PME B munocomax n3 CJICII.

Fig. 2. FME excitation (1) and fluorescence (2) spectra FSTL
liposomes.

N* and T* bands intensities (¥ /F, ) in FSTL liposo-
mes is 0.41 £0.03, that attests to high hydrophobicity of
the probe microenvironment [ 18].

All the CPs studied were revealed to decrease
quantum yield of fluorescence of FME bound with lipid
bilayer, however the extents of their influence on fluo-
rescence N* and T* bands intensity and position are
different. In Fig. 3 (and further) examples of impacts
of glycerol and DMFA, which mostly differ by their
structures and physico-chemical properties among the
CPs studied, on spectra of fluorescence of FME em-
bedded in FSTL liposomes are presented.
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Puc. 3. Bnusaue nmmneprna (a) u JIM®PA (6) Ha HopMupoBaHHbIe criekTpbl piryopecuennnu PME B smnocomax uz CJICIT
(KOHLIEHTpALKsI KPHOIIPOTEKTOPOB yKa3aHa PAJOM C COOTBETCTBYIOIMMH KPUBBIMH ).

Fig. 3. Glycerol (a) and DMFA (b) impacts on FME fluorescence normalized spectra in FSTL liposomes (cryoprotectant

concentration is shown at appropriate curves).
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MO’KHO pacCMaTPHUBATh KaK IIPOMEXYTOYHYIO: BIUIOTh
1o 20 %-1i konuenTpanuu 1,2-I1J1 cnextp coxpanser
JBYXIIOIIOCHYIO CTPYKTYPY, HO U3MEHEHUS NHTECHCHB-
HOCTH U ITOJIOKEHNS1 KOPOTKOBOJTHOBOM COCTABIIAOLIEH
OoJiee BBIPaKEHBI, Y€M B MPUCYTCTBUH IIUIECPUHA U
or.

Hononaurensayro nHpopmanuio o Biustauu K11 Ha
JUNHUIHBIA OMCIION MOXHO TOJIyYHTh U3 CIIEKTPOB
BO30YK1IeHUS (pHC. 4), a TAKXKE U3 CHHXPOHHBIX CTIEKT-
poB ¢uyopectiernnu (CCD) ®ME (puc. 5). Cnaboie
M3MEHEHUS TTOJI0KEHHS 1 TIOTYIINPUHBI CIIEKTPOB BO3-
oyxxnennss ®ME B npucyTcTBHM IiiepuHa (He3HAYH-
TENFHOE YMEHBIIIEHHE TIOTYITUPUHEI IPH O0JIee BHICO-
KX KOHIIEHTPAIHX [TTUIEpHUHA) CBUIETENBCTBYIOT O
TOM, YTO MHUKPOOKDPYKEHHE 30HJa MPAKTHUUECKH HE
u3MeHsiercs u Oonee ogHOponHO. B TO e Bpems B
npucytctBud JIM®PA Habnrogaercst He TOJIBKO JTHH-
HOBOJIHOBOE CMEILIEHHE CIIEKTPOB BO30Y>KACHUS, HO U
UX YIIUPEHHUE, CBUACTENbCTBYIONIEE 00 yBETUUCHUH
reTepOreHHOCTH B OHCIIOE JIUIIOCOM B 00JIaCTH pactipe-
nenenuss ®PME.

JIBe momnockl, KOTOphIe OOHAPYKUBAIOTCS B CHH-
XPOHHBIX criekTpax ¢uryopecuentmi @ME nipu pa3nue
CIABHTOB MOHOXPOMATOPOB BO30YKIACHHS U (hIyopec-
uenun (AA = 40 HM), OTHOCSTCS, MO-BHIUMOMY, K
CIEKTPATbHBIM Pa3HOBUAHOCTSAM HOPMAaNbHOU N*-
¢dopmbl DME. MoxHO yTBEpKIaTh, YTO MAKCUMYMBI
nonoc CCO npu 420430 1 470472 HM npuHayIeKaT
OME, cBsizanHOMY ¢ MeMOpaHaMH, TaKk Kak BKJaj
(uryopecreHIun 30Ha, HAXOIAIIErocs B BOJE, MUHU-
MmazeH (mernee 10%). Kpome toro, makcumym uryo-
pecuennun ®ME B Boasbix pactBopax NaCl u KII
HaOmonaercs okono 440 aM. B nmpucyrcrBun riuie-
pHMHA B CHHXPOHHBIX crieKTpax ¢uryopecueHimi O@ME

406
10 194%, 4
7
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0,01— ; .
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V]

With reference to Fig. 3 it can be seen that within
the concentration range investigated glycerol, which
is the most hydrophilic among the substances studied,
exerts the least impact on FME fluorescence spectrum,
consequently, on the liposomes, too. The spectrum
maintains its two-band pattern even with 20% glycerol
in medium. Practically the same changes are observed
in the case of EG.

At the same time dipolar aprotonic DMFA, which
is more hydrophobic than glycerol, exerts a conspicuous
impact on FME spectrum even at the concentration of
about 10%, and when this CP concentration being in-
creased further, the short wavelength N* band dis-
appears and the long wavelength T* band maximum
shifts to the short wavelength diapason to 554 nm. Such
pattern and band position are close to FME fluores-
cence normal spectrum in CP water solutions. Analo-
gous changes of FME fluorescence spectra in liposome
suspension are observed in the presence of DMSO
and DMAc, which also belong to diphilic aprotonic
solvents. In the liposome suspension containing 1,2-PD
the FME spectrum pattern can be considered as inter-
mediate: up to 20% concentration of 1,2-PD the spect-
rum maintains its two-band pattern, but changes of
the short wavelength component intensity and position
are more conspicuous than those in the case of glycerol
and EG.

Additional information about CPs influence on lipid
bilayer can be derived from excitation spectra (Fig. 4)
as well as from FME fluorescence synchronic spectra
(FSS) (Fig. 5). Slight changes of the position and half-
width of FME excitation spectra in the presence of
glycerol (unessential decline in the half-width at higher
concentrations of glycerol) attest to the fact that the

o

%)

[ 1,04
o .

>3

S

T . 0,84
>

N

=

53

0]

ot 0,64
S

88

28 04-
= »

g9

55

SiC 0,24
u

o

£

AN 0,0

)]
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Puc. 4. Biiusinue uriepuna (2) 1 JIM®A (6) Ha HopMupOBaHHBIe crieKTpbl Bo30y»kaeHns PME B mumocomax u3 CJICTI (A =
406 HM, KOHIICHTpalHs KPUOTIPOTEKTOPOB YKa3aHa PSI0M C COOTBETCTBYIOITIMH KPUBBIMH).

Fig. 4. Glycerol (a) and DMFA (b) impacts on FME excitation normalized spectra in FSTL liposomes (A, = 406 nm,
cryoprotectant concentration is shown at appropriate curves). ¢
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Puc. 5. Bnusiaue rmunepuna (2) u JIM®A (6) Ha cuaxporHbIe criekTps piryopeciierninn ®ME B numocomax u3 CJICTT (AA=
40 HM) (KOHIIEHTpALKs KPUOTIPOTEKTOPOB yKa3aHa PSAIOM C COOTBETCTBYIOLIIMMH KPUBBIMH).

Fig. 5. Glycerol (a) and DMFA (b) impacts on FME fluorescence synchronic spectra in FSTL liposomes (AA=40 nm,
cryoprotectant concentration is shown at appropriate curves).

MTOYTH PABHOMEPHO CHIXKAETCSI THTEHCUBHOCTH 000X
nonoc (puc. 5, a). ITO CBUAETENBCTBYET O TOM, UTO
[JIUIEPUH B UCCIIEAOBAaHHON 001aCTH KOHIIEHTpaui
MIPAKTHYECKH HE OKa3bIBAET BO3MYIIAFOIIETO BIUSIHUS
Ha CTPYKTYPY OUCIIOS TUITOCOM, CHOPMUPOBAHHBIX H3
CJICII, a He3HAYUTEIbHOE CHIDKEHHE HHTEHCUBHOCTH
MOJIOC MOXET OBITh CBSI3aHO C YaCTHYHBIM KOHKY-
PEHTHBIM 3aMellleHHeM MOBEPXHOCTHO JIOKAIH30-
BaHHOT0 30H/1a TP 00pa30BaHUU BOJIOPOIHBIX CBSI3EH
[JIMIEpYHA C TOJSIPHBIMH T'OJIOBKAMU JTMNUI0B. [Ipn
BBEJICHUH B cycleH3uro junocoM [IM®PA u ysenu-
YEHUH eT0 KOHIIeHTpaluH (puc. 5, 6) popma CCD 30H-
na pe3ko u3MeHsieTcsi. CHUKEHHE WHTEHCUBHOCTH
KOPOTKOBOJTHOBOTO IHKa, BEPOSITHO, OTPaKaeT HE
TOJIEKO aKTHBHOE BbITeCHeHHE U3 MeMOpan ®ME,
Hapymias ero BOJOPOJAHbIE CBsi3H ¢ (pochaTHRIMU U
KapOOHWILHBIMH IPYIIIAMH JIUITHIIOB, HO ¥ 3HAYUTEIIb-
HOE M3MEHEHHE CBOWCTB MHKPOOKDY)KEHHUs 30H]A,
BO3MOXHO, 32 c4eT Ooliee “TIIyOOKOTro” BHEIPEHHS
JAM®A B GuCIION.

HHubopMaTHBHBIM ITAPaMETPOM, OTPAIKAFOIIUM H3-
MEHEHHEe COCTOSTHUA OrnKkaiinero okpysxenus ®PME,
CBSI3aHHOTO ¢ MeMOpaHOM, SBISETCS OTHOLIEHHE
WHTEHCUBHOCTEH (PITyOpECIEHIINY €T0 HOPMAaTbHON U
TayTOMepHO# Gpopm (F,./F ) [16]. lononHUTENbHY IO
nH(OpMAITHIO MPEAOCTaBIsIeT COBMECTHBIN aHaIu3
oTHomeHus F, /F ., 1 ©3MEHEHHUS OJIOKEHHS MAKCH-
MyMoB N*- u T*-monoc ¢yopecuenuun 3011a. Bins-
Hue ruuepuHa u JIM®A Ha oTHomeHue I N/F o @
TaKke Ha MOJIOXKEHHEe MaKCUMyMoB A, u A, mipen-
CTaBJICHO Ha puC. 6 1 7.

B npucytcrBun runepuna (puc. 6, a) OTHOIIEHNE
F,, F, . NpaKTHIECKH HC M3MCHSETCS 110 CPABHEHHIO C
koHTposeM (0,41 +0,03), ato hopmabHO MOYKHO pac-
CMaTpuBaTh KaK OTCYTCTBHE MOAU(DUIHPYIOIIETO
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probe microenvironment practically does not change
and is more homogeneous. At the same time in the
presence of DMFA not only long wavelength shift of
the excitation spectra, but also their widening attesting
to a rise in heterogeneity in lipid bilayer in FME
distribution zone are observed.

Two bands, which are discovered in FME fluores-
cence synchronic spectra at the difference between
excitation and fluorescence monochromators shifts
(AA =40 nm), seem to belong to spectral varieties of
normal N* form of FME. One can affirm that SSF
bands maxima at 420—430 and 470—472 nm appertain
to FME bound with membranes, since the contribution
of the probe fluorescence in water is minimal (less
than 10%). Besides, FME fluorescence maxima in
NaCl and CP aqueous solutions are observed at about
440 nm. In the presence of glycerol the intensities of
both bands decrease almost uniformly in FME fluo-
rescence synchronic spectra (Fig. 5, a). This attests
to the fact that within the concentration range studied
glycerol practically does not exert perturbation influence
on FSTL liposome bilayer structure, and a slight decline
in the bands intensities can be attributed to a partial
competitive substitution of the surface-localized probe,
when hydrogen bonds between glycerol and lipid polar
heads form. The SSF configuration of the probe chan-
ges drastically, when DMFA is added to liposome sus-
pension and its concentration increases (Fig. 5, b). Ap-
parently a decline in the short wavelength peak intensity
reflects not only active displacement of FME from
membranes, which impairs its hydrogen bonds with li-
pid phosphate and carbonyl groups, but also significant
changes of the probe microenvironment charac-
teristics, possibly, at the account of a deeper embedding
of DMFA in bilayer.
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BiusiHUs 3ToTr0 KII Ha MUKPOOKpYKEHHE CBI3aHHOTO
C JIMIIOCOMaMH 30H[Ia, a, CIeI0BaTelbHO — U Ha
6ucinoit. OnHako Mpy KOHIEHTPALUIX TIIMLEeprHa 5 —
15% (puc. 6, a) HabMIOMAETCS HEKOTOPOE YMEHbIIIE-
HHe OTHOINEHHUS F,/F ., yKa3bpIBalOLIEe Ha CHHKCHHE
MOJIIPHOCTH U MOBBIIEHHE TUAPO(YOOHOCTH MUKPO-
OKpY>KEHUs 30H/1a. MI3MeHeH!s 0JI0KEHNSI MAaKCUMY -
MOB /lN* u /IT* (puc. 6, 0) He3HaUUTENHHBIL. [ TUIIEPUH U
OT" crtocoOHBI AeTHAPaTUPOBATH JTUIIOCOMEI, YMEHbB-
I1ast X pa3Mephl, a TAKXKe COIbBATHPOBATH OJISIPHBIE
T'OJIOBKHU JIMIIHJIOB MeMOpPaH, 4YTO MIPUBOINT K yMEHb-
LISHUIO TOJIIMHBI ¥ YIOPAIOYNBAHHUIO OHCIION [2].

Hanpotus, npu nosslieHuu koHueHTpanuu JIM®A
B CyCIIEH3HH JIMTIOCOM OTHOIIEHHE F, /F 3HAIUTENHHO
YBEIMYUBAETCS TI0 CPAaBHEHHIO C KOHTPOJEM, HaO-
JIIONaeTCsl PE3KUH MEPENIOM MpPU €ro KOHLEHTPALUU
okoino 10% (puc. 7, a). Ilo nanHbIM [2], MaKCUMaIIb-
Hoe konudecTBO JJM®DA, KoTOpoe MOXKET CBA3AThCS
¢ OucinoeM JTUIOCOM M3 SAUYHOTO JICHUTHHA MyTeM
COJIbBATaIIUH €T0 MOJISIPHBIX TOJIOBOK MPHOIM3UTEIBHO
cooTBeTcTByeT KoHIeHTparwn 10%. [Ipu conepxanmm
JAM®A B cycnensun 20% otHomenue F,,/F,, 10cTH-
raet Bexnuunbl 0,91. [Ipu sTOM Habmomaercs 3Ha-
quTenbHOE cOMKeHne monoxkenus N*- u T*-momoc
dayopecuennuu PME (puc. 7, 0).

XapakTep U3MEHEHHUS U 3HAUEHUS CIEKTPATbHBIX
xapakTepucTuk ¢uyopecueniny ®PME B nunocomax
u3 CJICII mox Bo3aeHCTBUEM OCTAIbHBIX U3YUEHHBIX
KII nu6o mano otnuyarorces (runeput u I17), mubdo
MOBTOPSIOT TY e 3akoHoMepHocTh (AMCO u IMAL],
kak JIM®A), Ho niepenoMbl HaOIIIOOAar0TCsI IPU Pa3HBIX
KOHLeHTpauusax. Vi3MeHenus B cnekrpax ¢iayopec-
uenuun PME, cBszanHOrO € OUCIOEM, B IPUCYTCTBUH
1,2-I1]1 uMeroT IpoMeKyTOUHEIH xapakTep. Ilo cre-
[IEHU YBEJIWYECHHS BIWSHUS Ha IapaMeTphbl CIIEKTpa
dbmyopecuennmn ®ME B mumocomax KII pacmosna-
rarotcs B pan: mmnepud < OI' < 1,2-1TJ] < IMCO <
IMALL < IMOA.

HabnronaeMble cHU)XEHHE KBaHTOBOTO BBIXO/A U
n3MeHeHne Gopmsal ciekTpoB GuryopecueHn PME
B MPUCYTCTBUU BO3pacTaromux KoHueHTpauui KII
MOJET OBITH clencTBUEM: | — mepepacnpeneneHus
MOJIEKYJI 30HAa U3 MeMOpaH B pacTBOPUTEIb BCIE-
CTBHUE 3aMEILEHUS WIH BBITECHEHUS MOJEKYJ 30HIa
U3 HEHTPOB copbuuu B Oucioe monekynamu KII o
KOHKYpPEHTHOMY MEXaHN3MY; 2 — TyIIeHus Giyopec-
LIEHIIMHK 30H1a Mosekysiamu Boabl win KII, npoucxo-
ISIIETO B PE3y/bTare M3MEHEHHs] HaTHBHOM CTPYK-
TypbI OUCI0A U, KaK CIIEICTBUE, TIOBBIIICHHUS €T0 J10C-
TYIMHOCTH 32 CYET HApYMICHUS JUIUI-JTUIHIHBIX
B3aUMOJEHCTBUIM BIUIOTH JO IIOJIHOI'O Pa3pylICHUS
nunocoM. bucoiiHast cTpyKTypa IHIHIHBIX MeMOpaH
MOJACPKUBACTCA OalaHCOM 3JIEKTPOCTATUYECKUX H
BaH-JIeP-BaaIbCOBBIX B3aUMOACHCTBUH MOJSIPHBIX
TOJIOBOK JIMIUAA W BOJBI, a Takke TUAPOoPOOHBIX
B3aMMOJICHCTBHUI B 00JIaCTH YIIIEBOJOPOIHBIX LIETICH.

KpuoGMOROrIM

T. 20,2010, Ne1

0,50

0,454

F,/F..

0,40

0 5 10 15 20 25

O]

KoHueHTpaumsa rnuuepviHa, % a
Glycerol concentration, %

560
Ao,

540 +

5201 -

0 5 10 15 20 25

KoHueHTpauus rnuuepuHa, % b
Glycerol concentration, %

MonoxeHne nomnoc crnyopecueHunn, Hv
Fluorescence band position, nm

()]

Puc. 6. BnusiHue mmiiepruHa Ha OTHOIIIEHHNE HHTEHCUBHOCTEH
F,.JF,,(a) uionoxenue (6) nomnoc guryopecuenunn PME B
sunocomax u3 CJICIIL.

Fig. 6. Glycerol impact on the intensities ratio F', /F,, (a)
and FME fluorescence bands positions (b) in FSTL
liposomes.

The ratio of fluorescence intensities of FME normal
and tautomeric forms (F,,/F,,) is an informative
parameter reflecting changes of the nearest environ-
ment of FME bound with membrane [16]. Coupled
analysis of the ratio /', /F'and the probe fluorescence
N* and T* bands maxima shifts gives additional
information. Glycerol and DMFA impacts on F, /F,
and the /”LN* and /”LT* maxima positions are presented in
Fig. 6 and 7.

In the presence of glycerol (Fig. 6, a) the ratio F, ./
F,, practically does not change in comparison with the
control (0.41 £ 0.03), that can be considered pro forma
as lack of any modifying influence of this CP on
microenvironment of the probe bound with lipo-somes,
and, consequently, on bilayer, too. Nevertheless at 5—
15% concentrations of glycerol (Fig. 6, a) a certain
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Fig. 7. DMFA impact on the intensities ratio F,/F_, (a) and FME fluorescence bands positions (b) in RSTL liposomes.

O4eBUAHO, YTO U3MEHEHHE WM HapyIIEHUE 3TOTO
6ananca B npucytctBun KII 3aBucut ot ux ¢pusuxo-
XUMHYECKHX CBOMCTB.

HusnexTpuueckas NIpOHULAEMOCThb Cpeabl (&)
ABIIAETCA OJHUM W3 BaXKHBIX IIapaMeTPOB, OTpeEe-
TSIOIUX (POPMUPOBAHUE OUCTIOWHBIX CTPYKTYP MOJIe-
KyJIaMH JTUTUAOB B CMEIIAHHBIX PacTBOPUTEIIX [2].
Cormnacao pacueram no ypaBHenuro lllaxmoponoBa
[15], yBemuuenne kornentparuu KI1 B cycien3un jim-
ocoMm 110 20% TPHUBOIUT K YMEHBIIICHUIO BETMYNHBI
€ B cpenHeM Ha 10—12% oT audneKkTpudecKoi mpo-
HULIAEMOCTH BOABI 78,5. DTH 3HAUCHHUSI COTTIACYIOTCS
C 9KCIIEPUMEHTAJIbHBIMH PE3yJibTaTaMu padoThl [7].
Hasxe nipu 20%-11 KoHLEHTpaly Bcex n3y4eHHbIX KI1
BEIMYMHA AUIIEKTPUUECKON IPOHUIIAEMOCTH CPEIbI
HE IOCTHUTaeT KPUTHUECKOT0 3HaYeHUs (€ = 34), HiKe
KOTOPOTO B PAacTBOPaxX HEAIIEKTPOIUTOB HE MOTYT
BO3HUKHYTH U CYIIECTBOBATH OMCIONHBIE CTPYKTYPHI
[2]. CnemoBarenbHO, M3MEHEHUE AUDIIEKTPUIECKON
MIPOHUIIAEMOCTH OKPY>KaIOIIEH IUTIOCOMBI CPEIbI IPU
n3ydeHHbIX KOHLIeHTpauax KI1 He sBisieTcss OCHOBHOM
NPUYUHON HApyIIEHUs OMCIOWHOW OpraHHW3alHH
MeMOpaH.

Meronom audpakuuy peHTTeHOBCKUX JTy4eH ycTa-
HOBIEHO, uTo JIMCO B koHUEeHTpauuu > 10% nHuImu-
pyeT oOpa3oBaHue HOBOW (ha3bl B Oucioe, KoTopas
COCYIIECTBYET C HATUBHOM, U TOJIBKO MPHU KOHIIEHT-
pauuu > 40% HatuBHas ¢asa ucyeszaet [20], yTo cBU-
JIETENBCTBYET O HApyIIEHUH CTPYKTyphI oucios. [Tox
ausiHueM JIMCO Ha00aa10Cch TaKXKe YMEHBIIICHHE
TOJIIIIMHBI MEMOPAHBI B IUTIOCOMAX U3 SMYHOTO JIEITH-
TiHa ¢ 37,4 10 35,9 A [2]. Takum oOpa3om, B Aua-
na3oHe uccaenayeMbix konueHTpauuit KI1, mo-suaumo-
MY, TIOJTHOTO Pa3pymIeHHUs! TUTIOCOM HE TMPOUCXOIMNT.
OpHaKo NOBBIILIEHUE B CYCIIEH3UU JTUTIOCOM KOHIIEHT-
paluy U3y4eHHBIX BEIECTB, kpome DI U mnnepuHa,
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drop in the ratio F, /F,, is observed, which indicates
to a reduction in polarity and increase in hydro-
phobicity of the probe microenvironment. The changes
of the 4, and A, maxima positions (Fig. 6b) are
negligible. Glycerol and EG are able to dehydrate lipo-
somes decreasing their sizes as well as to solvate
membrane lipid polar heads, which leads to a decrea-
se in bilayer thickness and regularity [2].

Contrariwise, as DMFA concentration grows in
liposome suspension, the ratio /', /F,, increases consi-
derably in comparison with the control; a kink is obser-
ved at its concentration of about 10%. According to
[2] the maximal DMFA percentage, which can be
bound with egg lecithin liposome bilayer by solvating
lecithin polar heads is also approximately 10%. If sus-
pension contains 20% DMFA, the ratio F, /F,, rea-
ches 0.91. Thereat a considerable contingence of FME
fluorescence N* and T* bands is apparent (Fig. 7, b).

The changes in FME fluorescence spectral charac-
teristics in FSTL liposomes under the influence of the
other studied CPs either differ little (glycerol and EG)
or demonstrate the same regularities (DMSO, DMAc)
as those for DMFA, but with kinks at different con-
centrations. The bilayer-bound FME fluorescence
changes in the presence of 1,2-PD are of intermediate
pattern. By ascending influence on FME fluorescence
spectra parameters the CPs are ranked in the following
way: glycerol < EG < 1,2-PD <DMSO < DMAc <
DMFA.

The observed decrease in quantum yield and FME
fluorescence spectra configuration changes in the pre-
sence of the CPs increaing concentrations can be a
consequence of: 1 — redistribution of the probe mole-
cules from membranes into solvent because of substi-
tution or displacement of the probe molecules with the
CPs molecules from sorption sites in bilayer by the
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MOJKET OKa3blBaTh BO3MYILIAIOLIee JeiicTBUE Ha
HATHBHYIO “yNakoBKy” MeMOpaH, HapyIlaTh JUIHI-
JIMITUIHBIE B3aUMOJICHCTBUS, U B CUITY 3TOTO CIIOCOOCT-
BOBaTh BO3HUKHOBEHUIO JIMIUAHBIX 1op. Ilpu 3tom
MeMOpaHa 0osiee poctynHa kak mis KII, tak u ms
MOJIEKYJT BOJIBI.

Cnocobnocts KIT BHeapsaTbes B ruapodhoOHYI0
00J1aCTh JTUTIUTHOTO OMCIIOSN KOPPETUPYET C UX KOA-
punmentom pacnpenenenns (K) B cucreme “Boja —
HenoyspHas ¢asza”. Uem BbIlie K nns KOHKpEeTHOTO
BEIIECTBa, TEM OHO OoJiee ruapodoOHO, crienoBaTelb-
HO, JIETYe B3aUMOZICHCTBYET C OMciIoeM mo ruipodoo-
HOMY MEXaHH3MY, IPOHHKAs [ITYOOKO B 30HY YIJIEBOIO-
poxnnbix nenei. I1o mepe yBennuenus ko3 punmreHTa
pacnpeneseHus B CUCTEME ““BOJIa — H-OKTaHON U3Y-
YEeHHbIE KPHOMPOTEKTOPH! PACTIONOKEHBI B MOPSAKE
[11]: amepun < OI' < 1,2-11]] < IM®A < IMCO <
IMAII.

Habnronaembie M13MEHEHUSI CIIEKTPATBHBIX XapakK-
tepuctuk puyopecternnnn ®PME non BnusHIEM U3Y-
YEHHBIX BEIIECTB COIACYIOTCS C POCTOM MX K03 du-
LIMEHTa pacrpeesieHus B CHCTEME “BOJa — HETOJISIP-
Has (aza”, T. €. C UX CIIOCOOHOCTHIO K THAPOPOOHBIM
B3auMoJecTBUAM. CylIeCTBEHHBIX OTKIOHECHUN
(hopMBI CLIEKTPOB 30Ha B ipucyTcTBun Ol 1 rinie-
puHa He Habmromaercs, ciexoBarenbHo, 3T KII He
CIOCOOHBI HAPYILIATh JIUIHU-TAIHIHbIE B3aUMOICHCT-
Bus munocoM. bonee Toro, 3aMeriast MOJIEKyJIIbI BOJIBI
B COJIbBAaTHON OOOJIOUKE MOJISPHBIX TOJIOBOK BIIJIOTH
110 30HBI KapOOHMIIBHBIX TPYIII, HAITPOTHB, CIIOCOOCT-
BYIOT YKpEIUICHHIO THAPO(OOHBIX CBSI3€H yIieBOI0-
POJTHBIX 3BEHBEB JHMUJIOB. MiMest B cTpyKType JBe
MIPOTOHO-AOHOPHBIE THAPOKCHUIIbHBIE TPyHIbl, 1,2-11]]
10 oTipeeNeHHoN koHneHTpaiuu (= 10%) pnuser Ha
TUnocoMbl npaktuyecku kak O u mmuepun. Ho
nanmuue CH,- rpynmsl B O-10JI0KEHUN 00€CTIEYNBAET
€ro crmocoOHOCTh BCTPaMBaThCA B THAPOPOOHYIO
obnacTp OMCIOS U BHOCUTH BKJIaJ B HapylIEHUS
JIATUA-TUIHIHBIX B3aUMOICHCTBHH, mogooHo [IMCO
u IMOA.

Nudwmnpasie IMCO, IM®A u JJMAIL Ttakxke
o0pa3yroT npounbie H-cBsi3u, HO ¢ TPOTOHOIOHOPHEI-
My QyHKIHOHanbHEIME Tpynmamu (—OH, —COOH,
=NH, -NH,) nonspHpIX ro10BOK JIMITKIOB UITH MOJIE-
KyJIaMU BOJIbl. 3HAYUT OHU MOTYT COJbBATHPOBATH
NOJIApHYI0 obnacTe nunuaos. OgHAKO HaJIW4YUE B
CTPYKTYpPE 3THX BELIECTB 2-X METHJIBHBIX Ipynn (B
AMAIL — 3-x) 00ycnoBnuBamT UX THAPOPOOHEIE
CBOWCTBA: CIIOCOOHOCTH PACTBOPATH KHUPHI (JIUITUABI)
U CaMHUM DPacTBOPATHCS B JUMHIAX. DTH BELIECTBA
CHOCOOHBI IITYOOKO BHEAPSTHCA B 30HY YITIEBOIOPOA-
HBIX Ilenedl OWcnosi, HapylaTh JUIUA-TUAINATHEIE
B3aMMOJICHCTBHS B JIMITOCOMAX, TEM CaMBIM CYIIECT-
BEHHO N3MEHSTh MHUKPOOKPYKEHHUE 30H/1a, KOHKYPHPO-
BaTh 32 MeCTa ero CBs3bIBaHMA. [loATBEepKICHUEM
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competitive mechanism; 2 — the probe fluorescence
quench by water or the CPs molecules occurring due
to changes of bilayer native structure and, as a result,
an increase in its accessibility at the account of disrup-
tion of lipid-lipid interactions up to complete disinteg-
ration of liposomes. Lipid membrane bilayer structure
is provided by balance between electrostatic and van
der Waals interactions of lipid polar heads and water
as well as hydrophobic interactions in hydrocarbon
chain zone. Evidently changes or aberrations of this
balance in the CPs presence depend on their physico-
chemical properties.

Medium dielectric permittivity (€) is one of the
important parameters determining formation of bilayer
structures from lipid molecules in hybrid solvents [2].
According to the calculations by the Shakhporonov’s
equation [15] an increase in CP concentration in liposo-
me suspension up to 20% results in the drop in the €
value at the average by 10-12% related to water
permittivity 78.5. These values are consistent with the
experimental data in [7]. Even with 20% concentration
of all the CPs studied the medium dielectric permittivity
does not reaches the crucial value (¢ = 34), below
which bilayer structures cannot emerge and exist in
non-electrolyte solutions [2]. Consequently, changes
of permittivity of surrounding liposomes medium at the
CPs concentrations studied are not the main cause of
disruption of membrane bilayer organisation.

By X-ray diffraction it was shown that DMSO at
the concentration of > 10% initiated formation a new
phase in bilayer that coexisted with the native one,
and only at the concentration of >40% the native phase
disappeared [20], which attests to lipid bilayer disrup-
tion. Under DMSO influence the egg lecithin liposome
membrane thickness lessened from 37.4 to 35.9 A [2].
Thus, within the range of the CP concentrations inves-
tigated, apparently, there is no complete disintegration
of liposomes. Nevertheless increasing concentrations
of the substances studied, except EG and glycerol, in
liposome suspension can exert perturbation influence
on membrane native “packing”, disrupt lipid-lipid inter-
actions, and thereby contribute to emergence of lipid
pores. Herewith membrane is more accessible both to
CPs and to water molecules.

CPs’ capacity for being embedded in hydrophobic
zone of lipid bilayer correlates with their distribution
coefficient (K) in the system “water — non-polar
phase”. The higher K, for a concrete substance is, the
more hydrophobic it is, consequently, the easier it
interacts with bilayer by hydrophobic mechanism
penetrating deeply into hydrocarbon chain zone.
According to the growth of the distribution coefficient
in the system “water —n-octanol”, the CPs investigated
are arranged in the following order [11]: glycerol <
EG < 1,2-PD < DMFA < DMSO < DMAc.
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3TOTO SBJISIOTCA 3HAYUTENbHBIE W3MEHEHHS CIIEKT-
PaNbHBIX TapaMeTPoB (hIyopecleHIINH 30H/a B MTPH-
cyrctBuM gaHHbix KII.

l'unorteTnyeckas cxema, WILTIOCTPUPYIOIIAs pac-
MoJI0KeHHe B THnuIHoM oucinoe 3012 PME, a Takoke
muepuna u JJM®A, koTopsie Handosee OTINYat0TCS
0 CTPYKTYpPE U TUAPOPHUIBHO-TUAPOGOOHBIM CBOHCT-
BaM, IpeACTaBieHa Ha puc. 8.

B cocraB CJICII, u3 koTopbIX cHOpPMHUPOBAHEI
JIUTIOCOMBI, BXOJIAT KaK “Kucible” munusl (Gocaru-
JJICepPHH, (GOChaTUAMITHHO3UTON, STAHOJIAMHH T1J1a3-
MaJyioreH, GpocharuauadTaHOIaAMUH, KapJHOIHITUH 1
Ip.), TIONISIPHBIE TOJIOBKH KOTOPBIX COZAEPIKAT MPOTO-
HOJIOHOPHBIE THIPOKCHIIbHBIC 1 aMHHHBIC TPYTIIIBL, TaK
u “nedirpansusie” (pocharuaunxonus (39,6%),
chunromuenun (13,1%) u np.) [17]. [Ipu atom
CoJlepKaHue “HEUTPaNbHBIX JUIUAOB B CIIEpMaTO-
30MJaX METYyXOB COCTaBlseT Oojee MOJOBHUHBI OT
oOero koixuyecTsa Gpochonununos, a ux Gocdonu-
MUAHBIE TOJIOBKY IPAKTHUYECKH HE COIEP>KaT IPOTOHO-
JOHOPHBIX TpyTIl. BO3MOXHO, 3TO e111e o/1Ha MPUYMHA,
n3-3a kotopoit IMCO u JIM®DA, B oT/IHYHE OT IITUTIE-
puna, DI u 1,2-11]], B MeHBIIIEH CTETIEHN CBA3BIBAIOTCS
C MOJISIPHOM 30HOU JIMITUAHOTO OUCTIOS, & IIPEUMYILECT-
BEHHO BCTPAaMBAIOTCS B HA4ajo €r0 HEMOISPHOU
obJyiacTu myteM rupoGoOHOr0 B3aUMOICHCTBHS.
[Ipuuem aktuBHOE Biusiaue [IMCO, IM®A u JIMAL]
Ha JIMIUA-TAIUAHBIE B3aUMOACHCTBHS IPOSIBIISETCS
B JiMiaria3oHe KoHIeHTpanuil 5—8%, nmpu Oolee BBICO-
KHX KOHIIEHTPALMSIX PE3KO YCHIINBACTCA.

Crenyer OTMETUTD, UTO yKa3aHHbBIE KOHLIEHTPALUH
stux KII sBiadrorcd “noporoBsiMu’”, NpUMEHEHUE
Oosiee BBICOKMX BBI3BIBAET CYIIECTBCHHBIC IMOBPEXK-
neHus MeMOpaH CIIepMaTo30HA0B METYXOB MpPHU
TUIIOTEPMHUYECKOM XPAaHEHUH W 3aMOpPaXUBAHUU.
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Puc. 8. 'unorernueckas cxema jioxkaausamnuu 3oa10a ®ME
(1), AM®A (3) u mmuepusa (4) B TMIUIHOM OHCIOE U3
¢docharummmxonmHa (2) [18, 21].

Fig. 8. The hypothetical scheme of the probe FME (1), DMFA
(3) and glycerol (4) locations in lipid phosphatidyl choline
bilayer[18,21].
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The observed changes of FME fluorescence spect-
ral characteristics under the influence of the substances
studied conform with the growth of their distribution
coefficients (K ) in the system “water —non-polar pha-
se”, 1. e. with their capacity for hydrophobic interac-
tions. No significant aberrations of the probe spectra
patterns were observed for EG and glycerol, consequ-
ently, these CPs are unable to disrupt lipid-lipid inter-
actions in liposomes. Moreover by substituting water
molecules in solvation sphere of polar heads as far as
to carbonyl group zone they even contribute to streng-
thening hydrophobic bonds of lipid hydrocarbon groups.
Possessing two proton-donor hydroxyl groups in its
structure, 1,2-PD up to a certain concentration (= 10%)
affects liposomes practically in the same way as EG
and glycerol do. But presence of CH,-group in o-po-
sition provides its capacity for getting embedded into
bilayer hydrophobic zone and for contributing to
disruptions of lipid-lipid interactions like DMSO and
DMFA do.

Diphilic DMSO, DMFA and DMAc also form strong
H-bonds, but with proton-donor functional groups (—OH,
—COOH, =NH, -NH,) of lipid “polar heads” or with
water molecules. So they can solvate lipid polar zone.
Nevertheless presence of 2 methyl groups in these
substances structure (there are 3 methyl groups in
DMAc) determines their hydrophobic properties: ability
to solve fats (lipids) and to be solved in lipids. These
substances are able to become embedded deeply into
bilayer hydrocarbon chain zone, to disrupt lipid-lipid
interactions in liposomes, in that way to change
significantly the probe microenvironment and to com-
pete for the probe-binding sites. The significant chan-
ges of the probe fluorescence spectral parameters in
the presence of the CPs confirm this assumption.

The hypothetical scheme illustrating FME as well
as glycerol and DMFA (which differ the most by their
structures and hydrophilic-hydrophobic properties)
locations in lipid bilayer is presented in Fig. 8.

Both “acid” lipids (phosphatidyl serine, phosphatidyl
inositol, ethanolamine, plasmalogen, phosphatidyl
ethanolamine, cardiolipin etc.), polar heads of which
comprise proton-donor hydroxyl and amine groups, and
“neutral” ones (phosphatidyl choline (39.6%), sphingo-
myelin (13.1%) etc.) are constituents of FSTL liposo-
mes [17]. Herewith “neutral” lipid content in the fowl
spermatozoa is more than a half of the the total phos-
pholipid content, and their phospholipid heads prac-
tically do not contain proton-donor groups. Probably
this is another cause, because of which DMSO and
DMFA, unlike glycerol, EG and 1,2-PD, bind with lipid
bilayer polar zone to a less extent, but preferentially
get embedded into the edge of lipid bilayer non-polar
zone by hydrophobic interactions. Notably DMSO,
DMFA and DMAc active impacts on lipid-lipid
interactions become apparent within the concentration
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IToatomy 311 kormteHTparww KI1 (JIMCO 5%, MDA
u [IMAIL 7,5%), ycTaHOBJIECHHBIC SMITHPUIECKH, YC-
MELIHO MCTOIB3YIOTCA NPU KPUOKOHCEPBUPOBAHUU
crepMsl netyxos [10-13].

Ha ocHOBaHMY MOITy4eHHBIX TAHHBIX MOXKHO YTBEP-
K/1aTh, YTO 3HAYUTEIHHBIN BKIIA/ B IIATOTOKCHYECKAN
3¢ HEKT KPHOIIPOTEKTOPOB Ha CIIEPMATO30MAbI METY-
XOB BHOCHT HX CIIOCOOHOCTB aKTHBHO BO3JICHCTBOBATD
Ha ruapodoOHbIE B3aMMOICHCTBHS MeMOpaH, n3Me-
HATH CBSI3U M CTPYKTYpPHBIE 00pa30BaHMs, B KOTOPHIX
y4acTBYIOT unupsl. Cria BIHUSHUSA BELECTB HA JIH-
MUA-TATUIHBIEC B3aUMOICHCTBHS HAXOANUTCS B IPAMON
3aBUCUMOCTH OT MX MEMOpPaHHOTPOMHBIX CBOWCTB,
00yCIIOBIICHHBIX THAPOPIIEHO-THAPO(YOOHBIM OaaH-
coM ux Monekyn. [lomydyeHHble JaHHBIE PENOCTaB-
JISIIOT TaKKe TOTIOJTHUTENbHYIO HH(POPMALIUIO O MeXa-
HHU3ME MPOHHUI]AEMOCTH BEIIECTB B JIUIIOCOMBI, a
TaKXe B KIIETKH, KOCBEHHO YKa3bIBasl Ha TPEUMYIIECT-
BEHHBIE ITyTH UX AupPy3un uepe3 MeMOpaHbl, yIUTHI-
Basi IPY 3TOM CJIOKHOCTH 1 MHOT000pasme nx cocraBa
U CTPYKTYpHI. Hanprumep, MOKHO TIPEATIONI0KUTE, 4TO
st MemOparaHoTponHEIX JIMCO, JIMOA n IMAIL]
HE MCKJIFOYEH U JaKe MPEANIOYTUTENICH JTUITUIHBIHI Ty Th
TpaHcIopTa B KIETKY [3, 4, 22].

BbiBOAbI

®nyopecuenTtHbiil 3081 PME daBnsercss BbICOKO-
YyBCTBUTEJIBHBIM HHCTPYMEHTOM HCCIIEIOBaHUSA
crenenu BivsHus KI1 Ha munuaHbi O1ciioi, Jaromui
BO3MOYKHOCTH OIEHUBATh WX “TIOPOTOBYIO~ KOHIICH-
Tpanuio, Beiie kotopoit KIT oka3siBaroT moBpekaato-
miee AeHCTBHE HA MEMOpaHBI.

AKTHBHOCTH B3aUMOJICHCTBHUS HU3KOMOJIEKYISP-
HBIX KPHOTIPOTEKTOPOB C IMTIOCOMaMH M3 CYMMapHBIX
JUIHIOB CIIEPMATO30UAO0B METyXa ONpeaeaseTcCs
rUIPOGUIEHO-THAPOPOOHBIM OaTaHCOM UX MOJIEKYIT
Y IMeeT KOHIIEHTPaIlnOHHO-3aBUCUMBIN XapakKTep.

[lo crenenu yBenu4eHrs BIUSHUS HA CIIEKTPab-
Hble napameTpsl Gpuyopectenunn ®ME B mnnocomax
n3 CJICII u3ydeHHbIE BEIECTBA paclojaraioTcs B
psan: tmanepud < O < 1,2-11]] < AMCO < IMAIL] <
JAM®A, 9T0 XOpOIIIO COTIACYETCS C POCTOM UX KO-
¢unmeHTa pacnpeaeieHus B cucTeMe “Bojia — Hero-
asipHast ¢aza”.

B oGmacts yriieBOmMOpONHBIX 3BEHHEB OHCIIOS
Hanbonee akTuBHO BHempsitorcs [IM®DA, JIMAILL u
JAMCO wu BBI3BIBAIOT HAPYIIEHUS JTUMUA-TUIHIHBIX
B3aumozencTui, 1,2-11/] 3annmaet npomMexxyTouHoe
nosioxeHne. B nuama3one n3y4eHHbBIX KOHIIEHTPanit
(mo 20%) muuepud u D1 He 0Ka3bIBAIOT CYIIECTBEH-
HOT'O BIIMSHHUS Ha COCTOSIHUE JHIIOCOM, 00pasys
BOJOPOJHBIE CBA3M B OOJACTH MOJSPHBIX T'OJIOBOK
JUTIU/IOB, U, BEPOSTHO, YIOPSIIOYUBAIOT CTPYKTYPY
oucmnos.
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range of 5-8%; as the concentrations increase, the
impacts strengthen sharply.

It should be noted that the CPs concentrations
above-mentioned are “threshold”, application of higher
concentrations leads to significant injuries of the fowl
spermatozoa membranes during hypothermic storage
and freezing. That is why these concentrations of the
CPs (5% DMSO, 7.5% DMFA and DMACc) establi-
shed empirically are used successfully for the fowl
sperm cryopreservation [10—13].

Basing on the data obtained one can affirm that
CPs’ capacity for active influencing membrane hydro-
phobic interactions and changing bonds and structural
lipid domains contribute greatly to CPs cytotoxic
effects on the fowl spermatozoa. Strength of the sub-
stances’ influence on lipid-lipid interactions is in a direct
dependence on their membrane tropic properties deter-
mined by hydrophilic-hydrophobic balance of their
molecules. The data obtained also provide additional
information on mechanisms of permeability of substan-
ces in liposomes as well as in cells indicating circum-
stantially to preferable ways of their diffusion through
membranes and at the same time taking into account
complexity and diversity of their compositions and
structures. For example, one can assume that lipid
transport way into cells is not excluded and even
preferable for membrane tropic DMSO, DMFA and
DMAc [3, 4, 22].

Conclusions

The fluorescent probe FME is a highly sensitive
tool for research in CPs’ influence on lipid bilayer pro-
viding possibility of assessing their “threshold” con-
centrations, over which CPs exert a damaging impact
on membranes.

Activity of interactions between low molecular
cryoprotectants and liposomes from the fowl sper-
matozoa total lipids is determined by hydrophilic-hydro-
phobic balance of their molecules and shows a concen-
tration dependence.

The substances studied are ranked by their increas-
ing influence on FME fluorescence spectral parameters
in FSTL liposomes as follows: glycerol <EG < 1,2-PD <
DMSO < DMAc¢ < DMEFA, that conforms well with
the growth in their distribution coefficients in the system
“water — non-polar phase”.

DMFA, DMAc and DMSO embed the most
actively in bilayer hydrocarbon group zone and disrupt
lipid-lipid interactions; 1,2-PD holds an intermediate
position. Within the concentration range investigated
(up to 20%) glycerol and EG exert no significant
influence on liposome state forming hydrogen bonds
in lipid polar heads zone and, probably, regularize bilayer
structure.
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