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Pedbepar: Y poboti gocnigmkeHo B3aemogito cymiwen rniuepuHy ([T1) Ta noro okcuetunbHux noxigHux (OElN) 3i cTyneHem
nonimepusauii (n) 3, 25 i 30 i3 gumertunauetamigom (OMALL) y BogHOMY po3uMHi 3a [0OMNOMOrow (OryopecLeHTHOro 3oHaa 3-
rignpokcu-4’-(N, N aumeTtnnamiHocpnasoHon). BctaHoBneHo, wo kombiHauisi [T1 Ta noro okcmetunbHux noxigHux is AMALL sHmkye membpa-
HOTPONHICTb OKPEMWMX KPIOMPOTEKTOPIB, sKi CknadarTb cymiw. KombiHauia 71, sk i noro Hu3bkomonekynsipHoro noxigHoro (OEF ), i3
OMALL 3HKYe MEMOPaHOTPOMHICTL OCTAaHHBOTO. Y TOW camui Yac KomGiHauis BUCOKOMONeKynsipHux noxigHux M (OEF _,. i OEF _.))
i3 AMAL| sHmxye membparotponHicte OET. MokasaHo, wo OET _, 3a koHUeHTpauiit Buiie 1 Mac.% yTBOPIOE y BOAHOMY PO34MHI CTPYK-
Typv milenspHoro Tuny abo miuensapHi acouiatu. Lien dakT go3sonse npunycTutu, Wo MembpaHoTponHa 34aTHICTb acouiaTiB BUCOKOMO-
nekynspHux OEIN o6ymoBneHa MOXNMBICTIO B3aEMOZii iX HEMOMAPHUX CErMEHTIB i3 HEMOMAPHUMU AiNSHKaMy Ha NOBEpPXHi GiomembpaH.
EkcnepvMeHTanbHO BCTaHOBMEHUM MEXaHI3MOM 3HWXEHHS LIMTOTOKCMYHOCTI KOMOIHOBAHMX KPiO3axXMCHWX CEepefoBULL, Ha3BaHO Me-
pebynoBM CTPYKTYpU MOSEKYNAPHMX acouiaTiB y BOAHUX PO34MHAX CyMiLLeN HU3bKO- | BUCOKOMOMEKYNSPHUX KPIONPOTEKTOPIB.

KntouoBi crnoBa: rniuepuH, OKCUETUNbHI NOXigHi, AumeTunaueTamin, KpionpoTekTopu, cyMiwi, MemOpaHOTPONHICTb, 3-riapokcu-
4°-(N, N pumeTunamiHodnaBoHor), dhryopecLeHLis.

Abstract: In this paper we have studied the interaction of the mixtures of glycerol (GL) and its oxyethylated derivatives (OEG)
with polymerization degree n = 3, 25 and 30 with dimethylacetamide (DMAc) in aqueous solution using 3-hydroxy-4"-(N, N dime-
thylaminoflavone) fluorescent probe. The combination of GL and its oxyethylated derivatives with DMAc was found to reduce the
membranotropy of certain cryoprotective agents, forming a mixture. The combination of both GL and its low molecular weight derivative
(OEG,_,) with DMAc reduced the membranotropy of the latter. At the same time, combining GL derivatives of high molecular weight
(OEG,_,; and OEG,__, ) with DMAc diminished the membranotropy of OEG. The OEG _,; at concentrations above 1 wt.% was shown
to form the micellar-type structures or micellar associates in aqueous solution. This enabled suggesting the membranotropic ability
of high molecular weight OEG associates to be stipulated by possible interaction of their nonpolar segments with nonpolar sites on
biomembrane surface. Structural rearrangements of molecular associates in aqueous solutions of low and high molecular weight
cryoprotectant mixtures were designated as the experimentally established mechanism of cytotoxicity reduction in combined cryopro-
tective media.

Key words: glycerol, oxyethylated derivatives, dimethylacetamide, cryoprotectants, mixtures, membranotropy, 3-hydroxy-4’-
(N, N dimethylaminoflavone), fluorescence.

CTBOpEHHSI HOBUX Ta OUIbII €(EKTHBHUX Kpio-
3aXMCHUX CEPElOBHI JAJsl HU3bKOTEMIIEPAaTypPHOTO
KOHCEpPBYBaHHsI O010JIOTYHUX 00 €KTIB 3aJIMIIAETH-
Csl OJIHIEIO 13 HAMBAXIMBIMINX 1 aKTyaJIbHUX MPOO-
JeM cydacHoi KpioOiororii. SIK cBig4aTh excrepu-
MEHTaJbHI JIaHI OCTaHHIX POKIB, MEPCIEKTUBHUMHI
HanpsIMKaMH KpioOioJioTii BBa)KAaIOTHCSI CTBOPEHHS
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The designing of novel and more -efficient
cryoprotective media for low temperature preservation
of biological objects has still remained one of the
crucial and topical issues in current cryobiology.
As evidenced by recent experimental findings, the
development of new efficient cryopreservatives via
combining the cryoprotective agents within protec-
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HOBHX €()EKTHBHUX KPIOKOHCEPBAHTIB LIISXOM KOM-
OiHaIiil KPIOMPOTEKTOPIB Y 3aXUCHUX CEPEOBHIIAX 1
JIOCITIDKEHHST MeXaHi3MiB 1ii ocTanHix [3-5, 18, 20,
23]. MeTta Takoro miXomy — OTPUMaHHS Kpio3axuc-
HUX CEepelOBHII i3 NOKPALIEHHMH BIACTUBOCTIMH 1,
TIepII 32 BCE, 31 3HMKEHOI ITUTOTOKCHYHICTIO [2—4],
MIPOSIBOM SIKO1 Ha piBHI OioMeMOpaH €, 30KpemMa, 3MeH-
IIIEHHS MEMOPaHOTPOITHOCTI. B Harmiit poboTi Tepmin
«MEeMOpaHOTPOIHICTEY) O3HAYA€ CIPUINHCHY 30B-
HIITHIM areHToM Oy/b-sKy (IpsiMy a00 HEenmpsMy) Mo-
mudikarico MeMOpaHHHUX CTPYKTYp, AKa MPU3BOAMUTH
JI0 TIOPYIIICHHS TIOYaTKOBUX BIIACTHBOCTEH MEeMOpaH
(ctpykTypa nimigHoro Oimrapy, KOHpOpMAIs MeM-
OpaHHUX OUIKIB Ta JIMiJiB, TiApararis, TPaHCIOPTY
pedoBuH, Tomo). Tak, BUABICHA BHCOKA Kpio3axucHa
e(EKTHBHICTh OKCHETWJIBHUX MOXIIHUX DIILEPUHY
00yMOBITIO€ MOXKITUBICTB 3aCTOCYBaHHS [IUX CIIOJIYK B
SIKOCTI HEMPOHUKHUX KPIOMPOTEKTOPIB MPHU PO3PO0-
LI HOBUX METOJIB KPIOKOHCEPBYBaHHS EPUTPOLIUTIB
JIIOIMHYU, SIKI He TOTpeOyloTh BiIIMUBAHHS Iepes
tparcdysiero 3, 4]. [Ipu npoMy Ha erari TecTyBaHHS
MOTEHIIHHOI [UTOTOKCUYHOCTI CYMIIIed Kpiompo-
TEKTOPiB €(EeKTUBHUM € MiIXil, SIKHH TPYHTYETHCS
Ha aHaji3l CUTHAIYy (IyOpECICeHTHOTO 30H7A, IO
3HAXOMUTKLCS Y BOJHOMY PO3YMHI KPIOTPOTEKTOpa
1 3aBISIKA OCOOMMBOCTSIM CBO€1 XiMIUHOI OyIOBH €
YyTIUBUAM 1HAUKATOPOM MEMOPaHOTPOITHOCTI pO3-
quny [1, 9, 12].

VY sikocTi (UIyOpECIHEHTHOrO 30HAa OyB BHUKOPH-
cranuii  3-rigpokcu-4’-(N, N gumerunaminodma-
BoHoln) (IAMA®), sikuii HaynexuTh 10 Kiacy duyo-
podopiB, 37AaTHUX [0 BHYTPIIIHBOMOJEKYJISIPHOTO
¢doronepenecennst nporona (ESIPT). Pesympratom
ESIPT € yTBOpeHHS B 30y/IKEHOMY CTaHi TayToMep-
Hoi T*-hopmu, sika CTBOPIOE OKpEMY CMYTY B CIIEK-
Tpi (yopeciieHIlii, 3MimeHy 0aTOXpOMHO BiJTHOCHO
MTOJIOKEHHS CMYTH 1modaTkoBoi N*-popmu. Bigmin-
HICTh Y OyZIOBi Ta B3aeMOIil 3 MOJIEKYTaMHA OTOYEH-
HS IIUX TayTOMEPHHUX (HOpPM OOYMOBIIOE PI3HUINO TX
CTIEKTPaTHHUX BIIACTUBOCTEH 1 JO3BOJISE 32 3MiHAMH
y crnekTpax (hIyopecreHii BiACIiIKOBYBaTH TOJIP-
HICTh CEPEIOBUIIA, a TAKOXK HOTO MPOTOHOAOHOPHI Ta
MIPOTOHOAKIICTITOPHI XapaKTePUCTHKH. B criekTpax
(iryopeciieHIii BIUTUB CEPEIOBUIINA BiII3EPKATOETh-
csl 'y BHIVISIZII 3MiH IHTEHCHBHOCTI Ta 3arajbHOTO a0o
B3a€MHOTO PO3TAIlyBaHHS MaKCUMYMIB CMYT eMmicii
[20-22]. V noisipHUX PO3YMHHHUKAX 13 BUCOKOIO HY-
KIeo(UIbHICTIO a00 TPOTOHOAOHOPHICTIO, HANpPH-
KJIaJl, y HIKYMX CIOUPTax 4M BOAi, KiinbkicTh T*-hop-
MU MOXKe OyTH MiHIMaJbHORO, 1 (pryopecueHtist Oymie
Bi3yaJIbHO OJIHOCMYTOBOIO, MPOTE 3 XapaKTepHUM
MOJIOKEHHSAM MaKCUMyMY y KO)KHOMY BHUMAaIKy [14].
Bimznaveni criektpanpHi BiactuBocti [IMAD, a Ta-
KO JTOBOJI BHCOKA JIMOMINBHICTE 00yMOBUIH HOTO
BHKOPHCTAaHHSI B SKOCTI paTiOMETPUYHOTO 30HIA

tive media and studying the action mechanisms of
the latter, have been considered as promising trends
in cryobiology [2, 10, 13, 17, 18, 20, 21]. This
approach aims to obtain the cryoprotective media
with improved properties and, primarily with reduced
cytotoxicity [16, 17, 20], particularly manifested
by membranotropy decrease at biomembrane level.
The notion ‘membranotropy’ defines here any (direct
or indirect) modification in membrane structures
caused by an external agent, resulting in a disorder
of initial membrane properties (lipid bilayer struc-
ture, conformation of membrane proteins and li-
pids, hydration, transport of substances, etc.). For
example, the revealed high cryoprotective efficiency
of glycerol oxyethylated derivatives makes it possible
to use these compounds as non-penetrating cryopro-
tectants when designing the new methods for human
erythrocyte cryopreservation, when no wash step is
required before transfusion [17, 20]. Herewith, when
testing the cryprotectant mixture for their potential
cytotoxicity, this approach, including the analysis
of fluorescent signal of the probe, placed in cryo-
protectant aqueous solution, being a sensitive indica-
tor of solution membranotropy due to the features of
its chemical structure is etticient [3, 4, 11].

As a fluorescent probe we used 3-hydroxy-4’-
(N, N dimethylaminoflavone) (DMAF), presenting
a class of fluorophores, capable of an excited state
intramolecular proton transfer (ESIPT). The ESIPT
results in occurrence of tautomeric T*-form in
an excited state, which creates a separate band in
fluorescence spectrum, shifted batochromically
relative to the initial N*-form band position. Different
structure and interaction with environmental mo-
lecules of these tautomeric forms stipulate the dif-
ference in spectral properties and allow by changes
in fluorescence spectra monitoring the medium
polarity, as well as its proton-donor and proton-
acceptor characteristics. In fluorescence spectra, the
medium impact is reflected as changes in intensity
and general or mutual location of the emission
band maxima [13—15]. In polar solvents with high
nucleophilicity or proton donor ability, such as
lower alcohols or water, the amount of T*-form may
be minimal, and the fluorescence will be visually
single-band, but with a typical position of maxi-
mum in each case [6]. The observed spectral pro-
perties of DMAF, as well as quite a high lipophi-
licity stipulated its use as a ratiometric probe to
investigate the surface area of lipid membranes,
as shown in study of membrane phase transitions
of different composition using DMAF [2, 3, 7].
This DMAF feature was also used to analyze the
micellar structures and evaluate the state of lipid
bilayer [14].
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JUTSE BUBYCHHSI TIOBEPXHEBOT NIJISTHKH JIIITITHIUX MEM-
OpaH, sK 11e OyJ0 MMOKa3aHo y TOCIiIKEHHIX (a30BUX
nepexoAiB MeMOpaH Pi3HOTO CKJIAAY 3a AOTIOMOTOO
JIMA® [11, 12, 15]. Lo BmactuBicts JJMA®D Oyno
BHKOPUCTAHO TaKOX IS aHAITI3Y MIIENSIPHUX CTPYK-
TYp Ta OIIIHKY CTaHy JimigHoTro Oitmapy [21].

Hageneni Butie ciekTpaibHi BiacTuBOCTi JIMAD,
IIT0 TO3BOJISTFOTH BiJICITi IKOBYBATH MOJIIPHOCTI, (pa3oBi
repexoau abo 3MiHY CTPYKTYpH PO3UHHIB, TIOB’ sI3aHi,
B TIEpITy Yepry, 31 CKIAIOM COJBBATHOI OOOJOHKH
MOJIEKYJ 30H7a. Tak, y cyMimax OiabII riapohoOHuX
PCUOBHH 13 BOJOIO JIAaHUI 30H] Oyjle MaTH 3MilllaHy
COJIbBaTHY OOOJIOHKY, B SIKIH MO)kHa Oyne BiJCIif-
KOBYBaTU KUIBKICTh MOJICKYJ BOJM 3a OPIEHTAIII€I0
TOJIOKEHHS JIBOX CMYT eMicii a00 BiHOIICHHS iX 1H-
TEHCUBHOCTEH [21].

Piznuns B criektpax emicii JIMA® e Bignosiniro
Ha 3MiHM y XIMIYHOMY CKJIaAi COJBBAaTHOI 0OOJIOH-
KM MOJIEKYJl 30HJA, 5IKa, B CBOIO YEpry, 3aJICKUTh
Bil cyMmapHOi eHeprii B3aemonid (cnemnudiuHOrO
1 Hecrrenu(iYHOTO THITIB) KOKHOT MOJIEKYIH OTO-
YeHHs 3 30HI0M. BcTaHOBIEHI 3MiHH MOXYTh OyTH
BHKOPUCTaHI HE JIUIIE Ui JIETeKTYBaHHS (a3oBHX
IepexoiB ado aHami3y CKIamy CyMIIled opraHid-
HHUX PEareHTiB y BOMi, a TaKOX TSI OIIHKH TiTpo-
(hoOHmx BrmacTuBOCTel ocTaHHIX. CreKkTpanbHI Xa-
pakTtepucTuku QuyopecrieHTHOro 3ouma MA® y
MPUCYTHOCTI ToTeHIiiHoro kpionportekropa (KII)
JIO3BOJISIIOTH  3DOOMTH  TIOTIEPEAHI BHCHOBKH TIPO
nutotokcnyHicth KI1 Ha MemOpaHHOMY piBHI (MEM-
OpaHOTPOITHICTH) Ta €(PEKTUBHICTH HOTO 3aXUCHOT [Iil.

Merta pobOTH — IOCHIKEHHS 32 JOTIOMOTOIO
(IryopecIieHTHOTO 30H/a BIUIMBY IMILIEPUHY Ta HOTO
OKCHETHJIBHUX MOXITHUX OKPEMO 1 B Cywmili 3 Ju-
METHJIaleTaMiIoM Ha MEMOPaHOTPOIIHY 3HaTHICTb
KpIOTIPOTEKTOPHOTO PO3YHHY.

Marepianu Ta MmeToaHn

Y poboti BukopucroByBamu OEIL, moximai To1i-
IepuHy 3i cTymeHeM momiMepm3arnii (n) 3, 25 1 30
(OET _,, OEI' .1 OEI' . Biznosigno), OEI" cunre-
30BaHmi pipMmoro «bapsay (YkpaiHa) 3a TEXHOJIOTIEIO
po3poonenoto B IIIKiK HAH VYkpaiau [3]. JInmetn-
nareramin (JAMALL) i mrinepun (IJ1) gipmu «Sigma
Aldrichy (CLLIA).

Cymimi  (AMAILTJL, JMAIL:OET _,, JIMALL:
OEIl' ;i AMAIL:OEI" _, ) roTyBanu Ha JBi4i AMCTH-
npoBaHii Boai (pH7,2) y MacoBoMy CHiBBiHOIICH-
Hi 1:1. KoHueHTpamito KpiompoTeKTOpiB BUpaKaIH
y MacoOBHUX MPOLIEHTAaX.

3oun IMA® cuntesyBamu y KwuiBcskomy Ha-
uionansHoMy yHiBepcureTi im. T. I. LlleBuenka 3a
metogoMm [.B. Bakaltcheva [10, 12] i BukopucTo-
ByBaJld Yy BUDIAMI CIHPTOBOrO po3umHy. KiHIleBa
KOHIIEHTpAIlis 30H/1a B 3paskax craHoBmia 1,7 X 1076 M.
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The mentioned above spectral properties of
DMAF, enabling to track the polarities, phase
transitions or change in solution structure, are
primarily associated with the solvation shell
composition of probe molecules. For example, in
mixtures of more hydrophobic substances with wa-
ter, this probe will have a mixed solvation shell,
where the number of water molecules could be
tracked by position orientation of two emission
bands or the ratio of their intensities [14].

The difference in emission spectra of DMAF
is a response to changes in chemical composition
of solvation shell of probe molecules, which, in
turn, depends on total energy of interaction (of
specific and nonspecific types) of each molecule
of environment with probe. The revealed changes
can be used not only to detect the phase transitions
or analyze the mixture composition of organic
reagents in water, but to assess hydrophobic proper-
ties of the latter as well. Spectral characteristics
of DMAF fluorescent probe in the presence of
potential cryoprotectant (CP) allow drawing preli-
minary conclusions about CP cytotoxicity on mem-
brane level (membranotropy) and its protective

efficiency.
The purpose of this reseach was to study
the impact of glycerol and its oxyethylated

derivatives used alone and together with dime-
thylacetamide on membranotropic capacity of cryo-
protective solution.

Materials and methods

In this study, we used glycerol oxyethylated
derivatives (OEG) with polymerization degree (n) =
3, 25 and 30 (OEG_,, OEG_,, and OEG_,,
respectively). The OEG was synthesized by JSC
Fine Organic Syn-thesis Plant ‘Barva’ (Ukraine)
according to the protocol designed at the Institute
for Problems of Cryobiology and Cryomedicine
of the NAS of Ukraine [3]. Dimethylacetamide
(DMAc) and glycerol (GL) were purchased from
Sigma Aldrich (USA).

The mixtures (DMAc:GL, DMAc:OEG, _,, DMAc:
OEG,_,, and DMACc:OEG,__,)) were prepared with
double distilled water (pH 7.2) in mass ratio of 1:1.
The cryoprotectant concentration was expressed as
a weight percentage.

The DMAF probe was synthesized at the Taras
Shevchenko National University of Kyiv by the
method of 1.B. Bakaltcheva [1, 3] and used as an
alcohol solution. The probe final concentration
in samples was 1.7 x 106 M.

Fluorescence spectra were recorded at room
temperature (20°C) in 1 x 1 x 3 cm quartz cuvettes
with Varian Cary Eclipse fluorescence spectrophoto-




Criektpu  (pryopecueHIlii peecTpyBaid 3a KiM-
HatHoi Temmieparypu (20°C) y KBaplLeBHX KIOBETaxX
1 x 1 x 3 cm Ha criekTpodayopumMeTpi «Varian Cary
Eclipse», (CLLIA) 3 aBromaTnuHOIO KOopekuieto. Lu-
pUHa BXiHOI Ta BUXIIHOI HIUIMH MOHOXpOMAaTOpa
cranoBuin 5 HM. @nyopecnenmiro JMA®D 30ymxy-
BaJIM CBITJIOM 13 HOBXUHOIO XBWiIi 405 um. Onrrnuna
IIITRHICTE 3pa3kiB He nepepumryBaia 0,05 — 0,1 om.
Ha JOBKWHI XBUJII 30y/DKSHHSI (PITyOpeCIICHITI.

Jiist yTOYHEHHSI TIOJIOKEHHSI CMYT, SIKi HE Malli
BUPQXCHOTO MAaKCHMYyMY, BHKOHYBAJIU JICKOHBOIIO-
1ito crnekrpiB puyopecuennii JJMAD 3a nporpamoro
B. I'. [TuBoBapenko Ta cmiBaBr. [6]. KoxkeH ekcre-
PUMEHT TOBTOpIOBanu 5 paziB (n = 5). Jlani HaBo-
JAJTH SIK Cepe/IHE 3HAUeHHS + CTaHIapTHA MOMIJIKA.
CreKTpu KOKHOTO 3pa3Ka peecTpyBajiil TPHYi, IS
aHaJi3y BUKOPUCTOBYBAJIM CEpelHi 3HAUCHHS. AHAaII3
CHEKTPIB 1 CTaTHCTUUHY OOpOOKYy pe3yJbTariB BH-
KoHyBanu B mporpami «Microcal Origin 8.0» («Ori-
ginLab Corporation» CILIA).

Pe3ysabTaTn T2 00rOBOpEeHHS

AHai3 BINIMBY KPIOMPOTEKTOPIiB HA (IyopecieH-
miro 308712 JIMA® noka3aB, 110 BOHHM 3MIHIOKOTH 1H-
TeHcuBHICTh (I ), monoxenns (A )1 popmy criekt-
piB.

Sk BumHO 3 Tabmuui, «rigpodinsHmity [JI (ko-
e(ilieHT PO3MOALTY N-OKTAaHOJ-BOJA Kp CTaHOBUTH
0,005) mopiBusHo 3 inmmmMu K11 HalfimeHmie BrutnBae
Ha mapametpu ¢uyopecuennii IMA®D. YV nocmia-
JKeHUX KoHIeHTparisx I[Jl mpakTudHo HE 3MIHIOE
(hopMy 1 TIOJTOKEHHS CTIEKTpPa, JIUIIE AETIO ITi IBHUIIYE
HOTO IHTEHCHBHICTb.

Hagmaku, JIMAILl, oxauH i3 HaHOUIBII
«riapooOHUX» KPIOMPOTEKTOPIB (Kp n-
okTaHoi-Boga popiBHioe 0,233), cyTreBO
BIUTMBAE€ HAa TIOJOXKEHHS W IHTEHCUBHICTH
cnekrpa IMA®, npuBosun A0 3pOCTaHHA
iHTeHCHBHOCTI (pyopecteHmii y 3—4 pasu

meter (USA) with automatic correction. The inlet
and outlet slit width of monochromator was 5 nm.
The DMAF fluorescence was excited by light with
405 nm wavelength. The optical density of samples
did not exceed 0.05 to 0.1 units at the excitation
wavelength of fluorescence.

To specify the position of bands that did not
have a pronounced maximum, the DMAF fluore-
scence spectra were deconvoluted by the program
of V.G. Pivovarenko et al. [22]. Each experiment
was repeated 5 times (n = 5). Data were reported as
mean + standard error. The spectra of each sample
were recorded three times, by using the average
values for analysis. The spectral analysis and
statistical processing of the results obtained were
performed with Microcal Origin 8.0 software
(OriginLab Corporation, USA).

Results and discussion

When analyzing the impact of cryoprotectants
on DMAF probe fluorescence, they were found to
change the spectral intensity (Imax), position (Amax)
and shape.

Table shows a ‘hydrophilic’ GL (the coefficient of
distribution Cd of n-octanol-water is 0.005) to have
the least impact on DMAF fluorescence parame-
ters if compared with other CP. Within the stu-
died concentrations, GL did not virtually alter the
spectral shape and position, but slightly increased its
intensity.

In contrast, DMAc as one of the most
‘hydrophobic’ cryoprotectants (n-octanol-water Cd
is equal to 0.233), significantly affected the position

MapameTtpu cnekTpis dpriyopecueHuii 3oHaa AMA®
Yy BOOHWX PO34MHaXx KPioNnpoTEKTOPIB
Parameters of DMAF probe fluorescence spectra
in aqueous solutions of cryoprotectants

1 3cyBy MAakCUMyMy CMYT'H Y KOPOTKOXBH- | \

oo : Cepenosuiue maxs YM-OR maxt 1M
neoBui Oik Ha 7 HM. Jlumerunaminodma- Medium | "arb. units. A om
BOHOJI € IIOPIBHSHO HEBEJIMKOIO MOJIe-

KYJIO01O (M = 281,3 F/MOHB), AKa 1106pe Bopa anctunsosana, pH 7,2 10 + 1 559 + 0.5
LT . Distilled water, pH 7.2 * =5
MOJIEIIOE  HOMIIBHICTE Ta MikMOJIEKY- shifled watet, b
JSIPHI B3a€MOJII HA 30BHIIIHIA MOBEpX- 5 % rn 2k 559 + 0.5
Hi JimigHoi MeMOpanu (yci THUIH Hecmerl- 5% GL '
n(iyHUX B3aEMOJIM Ta BOJHEBI 3B’SI3KH). .
~ o 5 % AMAU 34 + 2 552 + 0,5
[loennanus kpionporekropis 13 JIMAD 5% DMAc
BOJTHHUX YHAX BITUUTH I
Yy BOA pos Oyne e PO 5 % OET, _, 39 4 2 558 4 05
X B3a€MOJIIO 3 IOBEPXHEIO JiMiTHIUX MeMO- 5% OEG' . * + 0,
paH, OCKUIBKM KIJIBKICTb TOYOK MiKMOJIE-
v . .. 0
KyJSIpHUX B3aemofill cneun¢iyHoi Ta He- 2 o SElnas 69 + 1 546 + 0,5
. . . n=25
crneundiuHoi NpUPOaM 3 KPIOHMPOTEKTOPOM
301TBIIYETHCS, @ OTHKE 3MIHIOETBCS CHEPTis 5 % OFr _ 132 + 3 (nneve)
2 YETRed, p 5% OEG. . 132 = 3 (arm) 509 + 2,0
iX B3aeMoii.
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[ikago, mo y mpucyrnocti 5% OEL _, inTen-
cuBHicTh crniekTpa (uyopecuenuii IMA® 3pocrae
y 3-9 pasu 6e3 cyTTeBOi 3MiHM HOTO TMOJOKEHHS
Ta (opMu. 30UIBLICHHS IHTEHCUBHOCTI TIOB’sI3aHE 3
MiABUIICHHSAM B’3KOCTi oTodeHHs 30Hxa. [Ipu 1po-
My 3MEHIIIEHHS KiJIbKOCTI MOJIEKYNl BOAM B OTOYEHHI
HE3Ha4YHEe, OCKIIBKH B TaKOMY pa3i MakcCHMyM Qiry-
OpECIEHIIiT 3MINIyeThCs Y KOPOTKOXBHIBOBHH OiK
BHACIIIOK 3MEHIICHHSI TTOJIIPHOCTI OTOYCHHS [24—
26].

Y npucytHocti 5% OEI, . iHTEHCUBHICTB CIeK-
Tpa ¢uryopecueniii JJMA®D 3pocrae maiixke B 7 pasis,
a TIOJIOKCHHSI MaKCHMYMY 3CYBA€ThCSl Y KOPOTKO-
XBHJIBOBUH Oik Ha 13 HM 0e3 cyTTeBUX 3MiH hopmu
cnekrpa. Takuil 3CyB CBIIYHMTH MPO 3HAYHE 3MEH-
IICHHS TOJIIPHOCTI CEPEeOBHINA BHACIIJIOK 3MiHU
KIIBKOCTI MOJIEKYJ BOJIM Yy COJBbBAaTHIA OOOJOHII
30H/A.

JlexoHBoMIONisE CHEKTPiB (uIyopecieHiii 30H1a
B poszunnax OET" 1 OEI' . nokasana, mo B ix 5%-x
BOJTHMX PO3YMHAX MPHUCYTHS KOPOTKOXBHIIHOBA CKJIA-
noBa ¢umyopecuennii [IMA®, ane ii BHECOK HeBe-
ki (He Ounbiie 3—-5%) 1 CyTTEBO He BIUIMBAE Ha
(dopmy criekTpiB. Y ToOi caMuil 4ac 3a MPUCYTHOCTI
5% OET_,, mopsn i3 20-pa3oBuM 3pOCTaHHAM iH-
TEHCHBHOCTI Ta 3CYyBOM MaKCUMYMY CIIEKTpa Ha 4 HM
Yy KOPOTKOXBHJILOBHM OiK TIOMITHO 3MIHIOETHCS 1
foro ¢opma (3’aBmusiersest miaede npu 509 um). Llei
e(eKT € pe3ylbTaroM 3HAYHOI KITBKOCTI MOJEKYI
OEI' y conpBarHiii obomonmi 30H1a. IlosBa mueua
€ O3HAKOI0 3pocTaHHs (uIyopecueHLii 30HAa HOp-
MaJbHOI PopMH y MaJomoisipHOMYy oTodeHHi. [lo-
TMiOHI CITeKTpaimbHI 3MIHH MOXYTh CBITUHTH TIPO
(opMyBaHHS y BOXHOMY pO3YHHI 3a TPHUCYTHOCTI
OEI' acomiariB momekyn KII, BHyTpimmHI HiIsSHKA
AKUX MICTSTh HEBEIWKY KIJIBKICTh BOTU. Y TBODPEHI
acoriatd BOYIOBYIOTb Yy CBOI BHYTDILIHI JIiTSIHKH
monekyu [IMAD.

OT:xe, HE3Ba)KaIOUM Ha Te, 110 y criekTpax JMAD
n00pe BUpa)xeHi 00UABI CMYTH eMiCii MaTIOTIONISIPHUX
po3unHHUKIB [13, 18] y Bomi Ta BOIHMX pPO3UMHAX
Huzskomonekysipaux KIT ¢poTtonepenecenns npoto-
Ha (ESIPT) nepeBaxHo O10Ky€TbCS BOJOIO, 1 CIIEKTP
CTa€ OJHOCMYTOBHM, LIO € O3HAKOIO BHCOKOI KOH-
LeHTpauii MOJIEKyJl BOAM B OTO4eHHI 30HAa. OmHaK
KITBKICTh BOJIM 3MEHIIYEThCS Y BUIAJKY OUTBII BH-
cokomontekynsapaoro OEL, . . 3nauenns koedimienTa
posnoxiny B cucremi N-okranon-soma ais OEL
HaOMMKaeThes 10 Hyas [3]. OKCUETHITLOBaHUH TTiTIe-
PHH CIIiJ] BI/IHECTHU JI0 TAKUX PO3YUHIB, SIKi OJHAKOBO
100pe coNmbBaTYIOTHCS BOJOIO 1 OKTAHOJIOM, 10 MOK-
JIBE JIMILE 32 YTBOPEHHS MILJHUX COJIbBATIB 13 IUMHU
PO3YMHHUKaMH. BpaxoByioun BEIHKY MOJIEKYJISPHY
macy Ta Oymoy monekymu OEI . ciin npumycru-
TH, L0 HOTO COJbBATH MAIOTh MILEISIPHY NPHPOAY.
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and intensity of DMAF spectrum, resulting in 3—
4 times rise of fluorescence intensity and a shift
of band maximum towards the short wavelength
side by 7 nm. Dimethylaminoflavone is a relatively
small molecule (M = 281.3 g/mol), able to simulate
the lipophilicity and molecule-to-molecule interac-
tions on an outer surface of lipid membrane (all
the types of nonspecific interactions and hydrogen
bonds). The joint usage of cryoprotectants and
DMAF in aqueous solutions will testify to their
interaction with lipid membrane surface, since
the number of points of molecule-to-molecule
interactions of specific and nonspecific origin with
a cryoprotectant increases, and the energy of their
interaction changes as well.

Of interest is to note, that in the presence of 5%
OEG,__,, the intensity of DMAF fluorescence spec-
trum increased 3-9 times with no significant change
in its position and shape. The intensity enhance-
ment was associated with an increased viscosity
of probe environment. Herewith, a decrease in
water molecule number in the environment was
insignificant, because in this case the fluorescence
maximum was shifted to the short-wave side due
to a decrease in environment polarity [19, 25, 26].

In the presence of 5% OEG,_,,, the intensity of
DMAF fluorescence spectrum increased almost
7 times, and the maximum position was shifted to
the shortwave side by 13 nm without any significant
changes in spectral shape. This shift testified to
a significant decrease in the medium polarity as
a result of a change in water molecule number
in solvation shell of the probe.

The deconvolution of fluorescence spectra of
the probe in OEG__, and OEG_,, solutions showed
the presence of a short-wavelength component of
DMAF fluorescence in their 5% aqueous solutions,
but its contribution was slight (not more than 3—5%)
and caused no significant effect on spectral shape.
At the same time, in the presence of 5% OEG__,,
along with a 20-fold increase in the intensity and a
shift of spectral maximum by 4 nm to a short-wave
side, its shape was much changed as well (an arm
appeared at 509 nm). This effect was the result of a
significant number of OEG molecules in solvation
shell of the probe. The arm appearance testified to
the fluorescence enhancement of normal shape probe
in a low-polar environment. In aqueous solution in
OEG presence, the similar spectral changes may
suggest the appearance of CP molecule associates
with a small amount of water in their inner sites. The
formed associates incorporate DMAF molecules into
their internal sites.

Thus, despite the fact that in DMAF spectra both
bands of emission of low-polar solvents [5, 10] are




[Ipu upoMy oTpuMaHi pe3yabTaTu CIEKTPalIbHOI MO-
BemiHkd 30HAa [IMA® miaTBepAKyIOTh YTBOPEHHS
HaJIMOJIEKYJIAPHUX CTPYKTYp Monekynamu OEL .
HaHUTIPOCTIIINMU 3 SIKUX € MIIIEIH 3 BUCOKHM pPiBHEM
rigparaiii, OCKUIbKH Taka Milela Ma€ JIOCTaTHIil
po3mip, mod monekyna JIMA®D mana 3maTHICTh y Hel
BOymoByBaruchk. Ilicist moTparissHHS Millenn B cepe-
muay JIMA® mae cMyTy QIryopecIieHIlii 3 MaKCHMYy-
MoMm 509 HM.

Hamu 6ymno gocmimkeHo KOHIIEHTpaIiiHI 3aJex-
nvocTti BrumBy 1JI 1 OEI' 3 n = 3, 25 1 30 na cnek-
TpajbHI XapakTepucTuk 30H7a JIMA®D y BomHOMY
po3uunHi okpemMo i B ipucytHocTi JIMALL. 3minu mo-
JIOKCHHSI MAaKCUMYMY (DITyopecIieHIIil Tpy JI0/jaBaHH1
PI3HUX KOHIEHTpPALiil KPIONPOTEKTOPiB HaBEICHO Ha
puc. 1.

Sk MokHa 6aunTH Ha puc. 1, A, iABUIICHHS KOH-
uenrtpauii [JI y BomHOMY po3umHi 10 25% NpUBOANTD
1o 3HWKeHHs iHTencuBHOCTI (I ) dmyopecuenuii
JAMA®, sgxe CympOBOKYETHCS KOPOTKOXBUIHLOBUM
3CyBOM MakcumyMmy crekrpa (A ) Ha (1,5 +0,5) um.
Ile mMoxe OyTH TMOSICHEHO MPUCYTHICTIO MOJICKYII
JAMA® y BOJHO-TIIILIEPUHOBUX acolliaTax, sKi 3HaX0-
JIThCS B po3unHi. [lenio OiLIbIINi KOPOTKOXBHIIBO-
Bui 3cyB Ha (3,5 + 0,5) HM criekTpiB ¢uayopecueHii
30H/a CIIOCTEpIraeThes 3a KoHreHrpaii [JI y pos-
yuHi noHa] 25%. OTpuMaHuil 3CyB MOXKe BKa3yBa-
TH Ha MepeOyaoBy CTPYKTYPU BOAHO-IIILIEPUHOBUX
acouiariB y MiKpOOTOUEHHI MOJIEKYJ 30H/a.

VY mpucytHocti aminy AMALI, skuii mae Oinbin
BHupaxkeHi TigpodoOHi BmactuBocti (K = 0,233),
y JOCIIDKEHOMY Jiana30oHi KOHIICHTPAIIH CTIoCTepi-
raeThCsl 3pOCTAaHHS IHTEHCUBHOCTI (uyopecueHIii
sonna IMA® no 45% 3a omHOYACHOTO 3CYBY A
y KOpoTKoxBwILoBHI Oik Ha 11 HM (puc. 1, B). e
cBiquuth npo B3aemojito KII i3 IMAD, sika cympo-
BOJDKYETBHCSI YTBOPEHHSM HaBKPYTH MOJICKYN 30HIa
COJIbBAaTHOT OOOJIOHKHM, IO CKJIAJIAETHCS 3 MOJICKYII
JAMALL i Bomu.

VY cymiwi [TI: IMALL 3MiHM cHIeKTpasIbHUX Iapa-
METpiB 30H]1a (Imax i kmax) JIEII0 MEHIII, HiXK PO3YHHY
gucroro JIMAIL (puc. 1, C). Hanpukmian, 3cyB moso-
KEHHS MakcuMyMy criektpiB IMA® [ na 2—4 um
meHie. Lle € moka3zom 3HMKEeHHS 3matHoCcTi JMAILL
JI0 COJIbBaTaIlii 30H/a 3a MPUCYTHOCTI MoJeKyn [JI y
cymimti ['JI ra JIMALIL, 110 ¢BiZ4UTh PO 3MEHIIICHHS
MemOpanorponHocti JIMALL.

Ha puc. 1, D Ta E, HaBegeHo 3MiHM IapameTpiB
¢myopecuennii (I i A ) IMA® y npucyTHOCTI
OEI'_, i iioro cymimii 3 JIMAILL

Sk BumHO 3 puc. 1, D, miaBUIEHHS KOHIIGHTpa-
mit OEFH:3 Yy BOIHOMY po34HHi 10 4,8% MpPU3BOIUTH
JI0 PI3KOTO 3pOCTaHHS IHTEHCUBHOCTI (NTyOpecCIeHIIii
JAMA®, sike yIOBUTHHIOETHCS 3a OUTBIIMX KOHIICH-
tpauisx OET .. [Ipu nbomy MosioxeHHs: MaKCUMyMy

well manifested in water and aqueous solutions
of low molecular CP, the ESIPT is mostly blocked
by water, and the spectrum becomes single-band,
testifying to a high concentration of water molecules
in probe environment. However, the amount of
water decreases in case of higher molecular weight
OEG,_,,. The coefficient of distribution in the
n-octanol-water system for OEG,_, is close to zero
[17]. Oxyethylated glycerol should be referred to
the solutions, which are equally well solvated with
water and octanol, that is only possible when these
solvents form strong solvates. Taking into account
a high molecular weight and structure of OEG_,,
molecule, we can assume its solvates to have a
micellar nature. Herewith, our findings on spectral
behavior of DMAF probe confirmed the formation
of supramolecular structures by OEG, __, mole-
cules, the simplest of which are the micelles with a
high hydration level, since such a micelle is large
enough for DMAF molecule incorporation into
it. When the micelle comes inside, DMAF exhibits
a fluorescence band with 509 nm maximum.

Concentration dependences of GL and OEG
with n = 3, 25 and 30 impact on spectral characte-
ristics of DMAF probe in aqueous solution used
alone and in DMAc presence, have been studied.
Fig. 1 shows the changes in position of fluorescence
maximum when adding cryoprotectants of various
concentrations.

As shown in Fig. 1A, an increase in GL concent-
ration in aqueous solution up to 25% resulted in
a decrease in DMAF fluorescence intensity (I ),
accompanied by a short-wavelength shift of spectral
maximum (A__ ) by (1.5 = 0.5) nm. This can be in-
terpreted by the presence of DMAF molecules in
water-glycerol associates within a solution. A slightly
larger short-wavelength shift by (3.5 £ 0.5) nm
of the probe fluorescence spectra was observed
when GL concentrations in solution exceeded 25%.
The resulted shift may indicate a structural rear-
rangement of water-glycerol associates in probe
molecule microenvironment.

In presence of DMAc, which has more pronoun-
ced hydrophobic properties (C, = 0.233) within the
studied concentration range, we observed an in-
crease in fluorescence intensity of DMAF probe
up to 45% with a simultaneous shift of A to
a short-wave side by 11 nm (Fig. 1B). This tes-
tified to the interaction of CP with DMAF, accom-
panied by forming around the probe molecules
of solvation shell, consisting of DMAc and water
molecules.

In the GL:DMACc mixture, the changes in probe
spectral parameters (I and A_ ) were slightly
lower than for pure DMAc solutions (Fig. 1C).
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Pwuc. 1. Bnnus kpionpoTtekTopis Ta ix cymiwen (1:1, mac. %)

Ha iHTeHcuBHICTL (I ) i

MONOXeHHs Makcumymy (A )

max

cnekTpiB dnyopecueHuii 3oHga AMA® y BogHOMY pO34uHi,
pH 7,2: A - riuepuH; B - OMALL; C — AMAL, + rmiuepwH;

D - OEl _,;; E-OMAL + OEl_,; F - OEl

+ OElr

n=25"

n=25’

G

- OMAL| +

Fig. 1. Impact of cryoprotectants and their mixtures (1:1,

wt.%) on intensity (I ) and maximum position (A

max)

of DMAF probe fluorescence spectra in aqueous solu-
tion, pH 7.2: A - glycerol; B - DMAc; C - DMAc + glycerol;
G - DMAc +

D - OEG,_; E - DMAc + OEG, _;; F - OEG

+ OEG,_,..

n=25"

145




cnekTpiB (uyopecuennii JIMA® mae pisHy Hamnpas-
nenicTh: 3a kouuenrpauii OEL _, y pozuuni 10 4,8%
napameTp A 3CyBa€ThCs y JIOBFOXBUJILOBMH Oik Ha
(8 £0,5) um, a 3a 30inbmwenns konuentpanii OET
10 30% — y KopoTKoxBriIbOBUH OiK Ha (5 £ 0,5) HM.

[Ipucytricte JIMAIL BrtMBac Ha XapakTep CIiek-
tpanbEux 3Min OEI' . B yChOMy IOCIIIKyBaHOMY
Jiana3oHi KOHLEHTpaLill, 110 BiIA3EPKAIIOETHCA Y
3017IBIIEHH] 3arajlbHOTO KOPOTKOXBHJIBOBOTO 3CYBY
CIEKTPIB 1 IPUCKOPEHHI 3DOCTaHHS X IHTEHCHMBHOCTI
nopiBHAHO 3 MoHOpo3unHamu OEI _, (puc. 1, E).

OTpumaHi pe3yibTaTd BKa3ylOTh Ha CKIIaIHHUHA
KOHIICHTPAIIHHO-3JIC)KHHI XapaKTep B3aEMOJIii KOM-
nonentis y cucremi OEI _, ta JIMAILL. 3pocraunns
iHTeHCUBHOCTI (ryopecuenuii 30512 6e3 3MiH (op-
MU CHEKTpa, K MPaBUIIO, OB’ SI3yIOTh 31 301IbIICH-
HSIM B’SI3KOCTi HOTO MiKpOOTOUeHHS [25, 26].

Takuii edexT MOKe BUHMKATH BHACHIJOK OTO-
YeHHS 30HJa BEITUKOPO3MIPHHUMH arperataMu JIIo-
¢inbHuX Monekyi. Ilpu npomy Monekynu BOOu BU-
Jy9aroThCsl 3 HOTo TimparHOi 000MOHKH. OCKUTBKH
okcueTniboBaHi moxiani ['JI — rigpodinbai MoneKynmn
(KP st OED 3naxomuthest B Mexkax 0-0,03) [3], To
30UIbIIEHHS TapameTpa | € pe3yasraToM B3aeMomii
OET i3 /IMAL] i HacTymHOTO MPOHUKHEHHS 30HA B
YTBOPEHi acowiary, y SKUX BiH COJbBATYETHCS Iepe-
BaXHO OLITBII JTinmodibHUM KomnoHeHToM — JIMALLL
Moxna npunycrutu, mwo OEI _, (Mae HeBenuky Ji-
oQIBHICT) BXKe TIpU KOHIEHTpamii 4,8% 3maTauii
e(DEeKTHBHO B3aEMOIIATH 3 TOBEPXHEIO OioMeMOpaH
13 3aMIIEHHSAM y Hiil Mojekyau Bomu. Ilpwm Oimbimn
BucOkuX KoHIMeHTpamisx KII meit mporec iHTeHCH-
(hikyeThCs.

MoykHa TepeKOHaTHCs, MO0 NpucyTHICTH JIMAILL
Mo/li0HUM YMHOM BILIMBA€ HA CIEKTPHU 30HIA B PO3-
unnax OEl" _ ; 3MEHLICHHSM JOBIOXBUIILOBOIO 3CYBY
MakcuMyMy ¢ayopecuenuii (puc. 1, F i G). [Ipore, Ha
Biaminy Bix OEL _,, y posunnax OEI' _ . 3a HU3bKHX
KOHLEHTpalill KpiompoTekTopiB y cymimi (1o 5%)
CIIOCTEPIraeThcsl KOOIEPATUBHUN €(heKT — y IpUCYT-
HocTi JIMAL] cyTTEBO 3pocTae iHTEHCUBHICTH (ITy-
opecleHii MOpiBHAHO 3 MoHopo3unHamu OEL ..
Ieit edexr cBimunth mpo arperamiro OEI i3 JIMAL]
1 HACTYITHY COJILBATAIlif0 30H/Ia B arperari mepeBax-
HO Oumpmr JinodineHuM KommonenToM ([AMALL) 3i
3HAaYHUM 3MEHIIEHHSM BMICTY BOAM B COJIBBATHIN
oOoJtoHIi 30H1a. Boueunap, JIMALL inimiroe nepe-
OyzoBy rimparnoi o6ononku monexkyn OEL .. Ciin
3a3HAYUTH, IO MOEJAHAHHS Yy 3aXMCHOMY CEpelOBHU-
jiigl OEl“n:25 i IMAL] cnipusie 3HaYHOMY ITiIBUIIICHHIO
OCMOTHUYHOI CTIMKOCTI PO3MOPOXKEHUX EPUTPOLH-
TiB [4].

Binoma 3nmatricte OEI' mo minenoyTBopeHHS [8,
9]. llpn mpOMYy TIiNBHIEHHS CTYTEHS MOJIIMEPH-
3amii Bim 5 1m0 25 mpU3BOMUTH O POCTY KPHUTHY-

For example, a shift of DMAF spectral maximum
Imax was 2—4 nm smaller, that proved a decrease
in DMAc ability of probe solvation in presence
of GL molecules within GL and DMAc mixture,
thus testifying to DMAc membranotropy reduction.

The Fig. 1D and E display changes in DMAF
fluorescence parameters (I and A _ ) in presence
of OEG__, and its mixture with DMAc.

As shown in Fig. 1D, an increase in OEG,_,
concentration in aqueous solution up to 4.8%
entailed a sharp augmentation of DMAF fluorescence
intensity, slowing down at higher concentrations of
OEG,_,. Herewith, the position of DMAF fluore-
scence spectral maximum had a different orientation:
when the OEG__, concentration in solution was up
to 4.8%, the A _ parameter was shifted to a long-
wavelength side by (8 £ 0.5) nm, but when increasing
up to 30%, the shift was to a short-wavelength
side by (5 £0.5) nm.

The DMACc presence affected the nature of spec-
tral changes in OEG _, within the entire studied range
of concentrations, thus reflecting in the increased
total short-wavelength shift of spectra and acce-
leration of their intensity if compared with OEG,__,
monosolutions (Fig. 1E).

Our findings demonstrated the complex concent-
ration-dependent interaction patterns between com-
ponents within the OEG,__, and DMAc system. An
enhanced fluorescent intensity of the probe without
any changes in spectral shape was usually asso-
ciated with increased viscosity of its microenviron-
ment [25, 26].

This effect may occur when the probe is surroun-
ded by large size aggregates of lipophilic mole-
cules. Herewith, the water molecules are removed
from its hydrate shell. Since the oxyethylated
derivatives of GL are hydrophilic molecules (C,
for OEG is within 0-0.03) [17], an increase in I
parameter is the result of OEG interaction with
DMAc and further penetration of the probe into
formed associates, where it is mostly solvated by
more lipophilic component, i. e. DMAc. We may
assume OEG_, (it has low lipophilicity), even at
4.8% concentration to be able of efficient interac-
tion with biomembrane surface by displacing water
molecules in it. This process may be intensified
at higher concentrations of CP.

We can see that the DMAc presence simi-
larly affects the probe spectra in OEG_,, solutions
by reducing a long-wavelength shift of fluorescence
maximum (Fig. 1F and G). However, in contrast to
OEG__,, in the OEG,_,, solutions at low cryoprotec-
tant concentrations in the mixture (up to 5%) we
observed a cooperative effect, i. €. in DMAc presence
there was a significant rise of fluorescence intensity
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KoHueHTpauis, mac. %
Concentration, wt.%

Puc. 2. KpuBi BiOHOLEHHSA iHTEHCUMBHOCTEN HOpPMAarnbHOI
(N*-) i TayTomepHoi (T*-) popm 3oHaa OMAD y BogHOMY
posuuHi OEI__, (1) i cymiwi (1: 1) OMAL : OET . (2).
Fig. 2. Curves of intensity ratio of normal (N*-) and
tautomeric (T*-) DMAF probe forms in aqueous solution
of OEG__,, (1) and DMAc: OEG,__, mixture (1:1) (2).

HOI KoHIIeHTpallii minenoytBoperHs (KKM), sika s
OEI'_,, cranoButh 2,5%. Taki 3MiHuM MOB’S3yHOTh i3
ITiIBUIICHHSM BIUIMBY TiIpo(iIbHOI YaCTUHU B MO-
aexymi OEL" .. Jomaanus JIMAILL 3menmye Be-
muanHy KKM. 3okpema mokazaHo, MO Imcs 3Mi-
mysanns OET" . 13 IMAILl KKM 3menmryerses
3 2,5 mo 0,25%. Jlanmii eQexT BBaKatoTh pe3ylbTa-
TOM YTBOPEHHS 3MiITanux minen [9, 19].

3 puc. 2 (kpusa 1) Buano, mo 3a smicty OEL',
y posumHi Oimbin 1% Ha KpUBIH crocTepiraers-
csl 37aM BiJHOIIEHHS 1HTEHCHBHOCTI N*-popmu i
T*-dhopmu 30Hma JIMAD, sikuii CBIIUUTH MPO Pi3-
Ky 3MiHYy MOJISIPHOCTI HOro MikpooToueHHs. MokHa
MPUITYCTUTH, IO 33 BHUILE3a3HAYEHOT KOHLIEHTpalii
BinOyBaeTbesl mepeOyaoBa acouiaTiB, SIKi y pO3UMHI
yroproe OEI', . . IIpu npomy npucytnicts JIMALL
MIPaKTHYHO HE BIIMBAE HA MOJOKEHHS TOUKH 3JIaMy
(puc. 2, kpusa 2). BoueBuap, 0cTaHHE CIIOCTEPEIKEH-
HS TIOSICHIOE OIBIN HU3BKY 3aXHUCHY €(EeKTHBHICTH
OET’,_,, y mpoueci KpioKOHCEPBYBaHHs KIIITHH KPOBI
nopiensano 3 OET . [2, 4, 5]. Ilokasano, mo Ginbin
crabinbni  minenspui crpykrypu OEL, -~ ripmie
3B’S3YIOTBCA 3 JIiMiHOK0 MeMOpanoto, Hixk OEL _ ..
Ha OGinpury crabinbHICTh MILENSPHUX CTPYKTYP
OEI’,_, Takox Bkasye noniouicte kpusoi OEI . Ta
JAMAIL (mue. puc. 1, G) 3 kpusumu OET_, | (puc. 2)
6e3 Ta B mpucytHocti JIMALL. Ockinbku Mineno-
yTBopenHs pozunniB OEI' . Bxe € BuBueHuM [9],
Take TOPIBHSIHHS JOMATKOBO IMiATBEPIKYE (HaKT
MILENIOYyTBOPEHHS JUist BOnHUX posunnis OET _, .

TakuM YHHOM, yCi TOCHTIDKEHHI OKCHETHIIBHI
moxigai [JI 61bmor0 Miporo, HiXK IMOYaTKOBA CIIO-
nyka (IJI), BIUIMBarOTh Ha CHIEKTPaJbHI TapameT-
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if compared with OEG_,, monosolutions. This
effect testified that the aggregation of OEG with
DMAc and further probe solvation in aggregate
mostly occured by more lipophilic component,
i. e. DMAc, when the water content in the probe
solvation shell was significantly decreased. Ob-
viously, DMAc initiated the rearrangement of
hydration shell of OEG,__,, molecules. It should be
noted that combining OEG,_,, and DMAc in pro-
tective medium ensured a significant increase in
osmotic resistance of post-thaw erythrocytes [20].

The ability of OEG to micelle formation is well
known [24, 4]. Herewith, an increase in degree
of polymerization from 5 to 25 results in a rise of
critical concentration of micelle formation (CCMF),
which for OEG _,. makes 2.5%. These changes
are associated with an increased impact of hydro-
philic part in OEG,_,, molecule. The DMAc
supplement reduces the CCMF value. In particular,
mixing OEG,__,; with DMAc was shown to decrease
CCMF from 2.5 down to 0.25%. This effect is
considered as a result of the mixed micelle forma-
tion [4, 12].

Fig. 2 (curve 1) demonstrates a break in the in-
tensity ratio of N*- and T*- form of DMAF probe,
if OEG_,, content in solution exceeds 1%, thus
testifying to a sharp change in polarity of probe
microenvironment. The above concentration may
be assumed to cause a rearrangement of associates,
formed by OEG_,, in a solution. Herewith, the
DMACc presence had almost no impact on breakpoint
position (Fig. 2, curve 2). Obviously, the lower
protective efficiency of OEG, _,, as compared with
OEG,_,, during blood cell cryopreservation may
be explained by the latter observation [16, 20, 21].
More stable micellar structures of OEG,__,, were
shown to bind worse to lipid membrane than OEG ..
The higher stability of micellar structures OEG,_,,
was also indicated by the similarity of curve
OEG,_,.and DMAc (see Fig. 1G) with those of
OEG__,, (Fig. 2) with and without DMAc. Since
the micelle formation of OEG,__, solutions is al-
ready clear [4], this comparison further confirms
the fact of micelle formation for OEG,__, aqueous
solutions.

Thus, all the studied oxyethylated derivatives
of GL affected the spectral parameters of DMAF
probe to a greater extent than the initial compound
(GL), thus reflecting in the intensity rise, change
in maximum position and spectral shape of the
latter. In OEG__,; solutions, along with an increased
intensity of probe fluorescence by more than ten
times, the spectral shape was also transformed,
and became two-band (Table 1). The revealed chan-

ges exhibited both the viscosity increase and me-

0




pu 3onga JMA®, mo BigoOpaxkaeTrbes y 3poc-
TaHHI iIHTEHCHUBHOCTI, 3MiHI MOJIOKEHHS MaKCUMYMY
Ta ()OpMH CrIEKTpa OcTanHboro. B posuunax OET _
Mopsi/l 13 3pOCTaHHSAM OUIBII HIX Ha TOPSJIOK
IHTEHCHBHOCTI (ITyOpecleHIlii 30HJa, TaKOX IIe-
peTBOpIOEThCS  (pOopMa CHEeKTpa, SKAW CTae€ JBO-
cMyTOBUM (Tabmwursd). BeraHoBieHi 3MiHH CBimT4YaTh
SK TIpO 30UTBIIEHHS B’SA3KOCTi, TaK 1 PO 3HEBOI-
HEHHS CcepeloBHINa B OTOYeHHI 30Hma. [lpucyt-
uicte JIMAL] y po3uuHI TOCHIIOE CIEKTpasbHI
eexTr 3OUTBIICHHS B’SI3KOCTI Ta 3HEBOTHCHHS
cepe/oBHIlla B OTOYCHHI 30HAA. Ha mimcraBi jga-
HOro (hakTy MOXKHA CTBEP/DKYBAaTH TPO YTBOPEHHSI
cninpHux Minensapaux arperarie OEI ta IMALI.
Sx 1 mnomiermnenmikomi OEI y mpucyTHOCTI
minigHux OloMeMOpaH YTBOPIOE 3B’SI3KM 3 iX TO-
BEPXHCIO, BUTICHSIOYM 3BIATH 3HAUHy KIUIBKICTh
Monekyn Boau [16, 17]. Bucokomonekymsipui OEI
MaloTh BHILY CEHEprilo arperamii 3 MemOpaHamu
BHACIIIIOK 3OUIBIICHHS KIJBKOCTI TOYOK MIXKMO-
JIEKYISIPHUX B3AEMOJINA crienu(ivHOol Ta HEeCHelH-
(hiuHOT IPHEpOAH.

OTpumaHi MaHI TEPCHEKTUBHI JUISI BUBUCHHS
IIUTOTOKCHIHOCTI Ta Kpio3axWCHOI 1ii OararoxoMm-
TIOHECHTHUX CEPEIOBHUI HAa OCHOBI KOMOIHAITiH
DJIIEPUHY Ta HOTr0 OKCHUETHWJIBHUX TOXIJIHUX TIpH
3aMOpOKyBaHHI KIIITHHHUX CYCIICH3I1MH.

BucHoBkn

Metonom (IyopeclieHTHOTO 30HIyBaHHS BCTa-
HOBJIEHO, 110 KoMOiHals [JI 1 oro OKCHETHIBHUX
noximaux i3 AMALL 3HMKye TOTeHUiiiHi MeMOpa-
HOTPOIHI BJIACTHBOCTI OKPEMHX KpiOIPOTEKTOPIB,
0 BXOAATH 70 ckiany cymimri. KomOinaris sk IJ1,
TaK 1 HOro HU3bKOMOJIEKYNIApHOTo nmoxianoro OEI,
i3 AMALl 3HMXKYy€e TMOTEHIiHHI MeMOpaHOTPOIHI
BnactuBocti JIMALL. ¥V Toli camuii yac komOiHaIis
BUCOKOMOeKynspuux noxiauux (OEl . ta OEL _, )
i3 AMALl 3HMXYy€e TNOTEHLiHHI MeMOpaHOTPOIHI
BnactuBocTi OEI' abo X 3maTHICTH 0 HEMONSPHOI
B3aeMoii 3 MeMOpanamu. BeraHoBieHo, 110 OEFH:30
IIpH KOHIIEHTpamisx Bume 1 mac.% yTBOpIOE y BOA-
HOMY PO3YHHI CTPYKTYpPH MIIEIIPHOTO THITY abo
MinerspHi arperatu. Lleit dhakt mo3Bosse mpumycTu-
TH, 10 MEMOPAHOTPOITHA 3/IATHICTH aCOIaTiB BUCO-
xomonekysipanx OEIT oOymoBieHa MOXKIIHUBICTIO
B3a€MOIii iX CETMEHTIB 13 MOBEPXHEBOI 1 OLISAIO-
BEPXHEBOIO 30HaMHU OioMeMOpaH.

Takum unHOM, mepedynoBa CTPYKTypH MoJie-
KyJSIpHUX acolliaTiB y pO3YMHAX CyMilled HU3b-
KO- 1 BHCOKOMOJIEKYJISIDHUX KPIOIPOTEKTOPIB MOKe
pPO3IIIAIATACH SIK OJUH 13 MEXaHI3MIB EKCIepH-
MEHTAJIPHO BCTaHOBJICHOTO 3HWKCHHS IIUTOTOK-
CHUYHOCTI KOMOIHOBaHHX KpPiO3aXUCHHX CEpeo-
BHII.

dium dehydration around the probe. The DMAc
presence in the solution enhanced the spectral effects
of viscosity increase and medium dehydration
around the probe. Proceeding from this fact we may
state about sthe formation of joint micellar aggre-
gates of OEG and DMAc. Like other types of
polyethylene glycols, OEG in the presence of lipid
biomembranes forms bonds with their surface, by
displacing a significant number of water molecules
[8, 9]. High molecular weight OEGs have higher
aggregation energy with membranes due to an
increase in point number of molecule-to-molecule
interactions of specific and nonspecific nature.

Our findings are promising to study the cytoto-
xicity and cryoprotective effect of multicomponent
media based on combining glycerol and its
oxyethylated derivatives during cell suspension
freezing.

Conclusions

Using the fluorescence probe method, the com-
bination of GL and its oxyethylated derivatives
with DMAc was revealed to reduce the potential
membranotropic properties of certain cryoprotec-
tants within a mixture. The combination of both
GL and its low molecular weight derivative OEG,__,
with DMAc decreased the potential membranot-
ropic properties of DMAc. Herewith, the combina-
tion of high molecular weight derivatives (OEG, _,
and OEG,_,) with DMAc reduced the potential
membraneotropic properties of OEG or their abi-
lity to non-polar interaction with membranes. The
OEG__,, at concentrations above 1 wt.% was found
to form the micelle-type structures or micelle
aggregates in an aqueous solution. This fact sug-
gests a membranotropic ability of high mole-
cular weight OEG associates to be stipulated by a
possible interaction of their segments with a surface
and near-surface regions of biomembranes.

Thus, the structural rearrangement of mole-
cular associates in solutions of mixtures of low-
and high-molecular weight cryoprotectants can be
considered as one of the mechanisms of experimen-
tally established reduction of cytotoxicity in com-
bined cryoprotective media.
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