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Caxapo3a — 1€ MNPUPOIHUN BYIIEBOJ, SIKUI
LIMPOKO 3aCTOCOBYETHCS il 4ac HHU3bKOTEMIIEpa-
TYPHOTO KOHCEpBYBaHHs Oi0JOTiuyHHX 00’€KTiB [3]
SIK OCHOBHHUH KpiompoTekTop [5, 7] Ta B koMOiHamii
3 mminepuHoMm [4], etmnenrmikonem (EDI) [2] 1 au-
metmicynbokcugaom (IMCO) [3]. Bigomo, 110 Baxk-
JVBUM YHHHUKOM, SIKHH BIUIMBAE Ha pPE3yJbTar
KpIOKOHCEPBYBaHHS, € CKJIaJ KpPiO3aXHWCHUX cepe-
moBuml. CaMe CIIBBIAHOIICHHS B CEPEIOBUIIIL PO-
HUKHHX Ta HEMPOHMKHUX y KIITHHU KPiO3aXUCHUX
PEYOBMH J03BOJSIE YHHKHYTH IPOIECIB KpUCTAai-
3alii Ha eTamax OXOJOMKEHHS Ta BimirpiBy. llo-
IIyK e(QeKTHBHOIO CKJaay Kpio3aXxHCHHX Ccepero-
BHII| € aKTyaJIbHHUM 1 Ha cborojHi [1, 3, §].

Metoro pobotu Oyino MOCIHiPKEHHS HU3BKOTEM-
neparypHux (Ha3oBHX MEPEXOJIiB y caxapO30BMICHUX
pO3UMHAX KPIOMPOTEKTOPIB: mIinepuny, 1,2-mpomnax-
miomy, 1,3-mpomaHmiony, eTHJIEHIIIIKOIIO Ta TUMe-
THIICYITb(POKCHTY.

KpiozaxucHi cepenoBuma wmictuiau 30% (v/v)
kpionporektopa Ta 0,7 M caxaposu. Po3unmHu
roryBajii Ha (iziosoriuHoMmy cepeaoBuili J{romb-
Oexo. @a30Bi mepexoaud y pO3dMHAX KPIiOmpo-
TEKTOPIB JOCTIKYBIM METOAOM Au(epeHIiiHOT
ckanyBasnbHOi Kanmopumetpii (JICK) na erami Ha-
IpiBaHHA OXOJIOJDKCHMX 3pa3KiB 31 IIBHIKICTIO
0,5 rpan/xs [1].

CrartuctuyHy 0OpoOKy OTpPHUMAaHUX pe3yibTa-
TiB mpoBomwim y mporpami Statgraphics Plus 2.1
(Manugistic, CILIA), n = 6.
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Sucrose is a natural carbohydrate being wi-
dely used during low-temperature preservation of
biological objects [3] as the main cryoprotectant [3,
6] as well as in combination with glycerol [2], ethy-
lene glycol (EG) [5] and dimethyl sulfoxide (DMSO)
[1]. An important factor affecting the result of cryo-
preservation is known to be the composition of
cryoprotective media. It is the ratio in the media of
cell-permeable and cell-impermeable cryoprotective
substances which allows avoiding crystallization
processes during the stages of cooling and thawing.
The search for an effective composition of cryo-
protective media is relevant even today [1, 6, 10].

The aim of this research was to study low-
temperature phase transitions in sucrose-contai-
ning solutions of cryoprotectants: glycerol, 1,2-pro-
panediol, 1,3-propanediol, ethylene glycol, and di-
methyl sulfoxide.

Cryoprotective media contained 30% (v/v) cryopro-
tectant and 0.7 M sucrose. The solutions were prepared
in Dulbecco’s phosphate-buffered saline. Phase tran-
sitions in cryoprotectant solutions were studied by
differential scanning calorimetry (DSC) at the heating
stage of cooled samples at a rate of 0.5 deg/min [8].

The obtained results were statistically processed
using the Statgraphics Plus 2.1 software (Manu-
gistic, USA), n=6.

During the slow heating of sucrose-containing
solutions of the cryoprotectants from —196°C, a transi-

]
Institute for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Kharkiv, Ukraine

*To whom correspondence should be addressed:
23, Pereyaslavska str., Kharkiv, Ukraine 61016;
tel.:+380 57 373 7435, fax: +380 57 373 5952
e-mail: esmolyaninova@ukr.net

Received 03, October, 2022
Accepted 27, February, 2023

© Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, 2023
© Publisher Publishing House ‘Akademperiodyka’ of the National Academy of Sciences of Ukraine, 2023

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



[IpoTsrom moOBiNBHOrO HarpiBaHHs —caxapo3o-
BMICHHMX PO3YMHIB KpiompoTekTopiB Bix —196°C Ha
JACK-tepmorpamax OyJ0 3apeecTpoBaHO NEpexin 3
TBEPA0aMOP(HOTO CTaHy y CTaH MEPEOXOJOMKEHOT
pimuHA (PO3CKITyBaHHA), SIKAH TPHUBAE y TICBHOMY
niamazoni Temmeparyp (puc. 1A, B; nepexin 1). Tem-
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Puc. 1. [OCK-Tepmorpamu po34uHiB KpiONpOTEKTOPIB:
30% OMCO 3 0,7 M caxapos3u Ha gisionoriyHomy cepe-
posuwi Oionb6ekko (A), 30% mniuepuHy 3 0,7 M caxa-
po3n Ha disionoriyHomy cepenosuLui [ionsbeko (B).

Fig. 1. DSC thermograms of cryoprotectant solutions:
30% DMSO with 0.7 M sucrose in Dulbecco’s phosphate-
buffered saline (A), 30% glycerol with 0.7 M sucrose in
Dulbecco’s phosphate-buffered saline (B).

MepaTypy CKJIYBaHHS BH3HAUAIH 32 TOYKOK MEperu-
Hy Ha KpuBiii (Tabmui). CTprOOK TEIUIONOTTTMHAHHS
IiJ] 9ac PO3CKIIyBaHHS BCiX BKa3aHUX KpPiOMPOTEK-
TOpIB BiApi3HABCA (pHC. 2). Bin OyB 3HauyIIe BULTAH

tion from a solid amorphous state to a supercooled
liquid state (devitrification) was recorded with
DSC thermograms, which lasted within a certain
temperature range (Fig. 1A, B; transition 1). The
glass transition temperature was determined by the
inflection point on the curve (Table). The jump in
heat absorption during devitrification of all speci-
fied cryoprotectants differed (Fig. 2). It was sig-
nificantly higher for the sucrose-containing EG so-
lution, that indicated the formation of a signifi-
cant amount of glassy phase during cooling.

With a further increase in temperature, crystal-
lization was observed in all investigated solutions
immediately after completion of vitrification (see
Fig. 1, transition 2). The supercooled liquid that
appears after the glass transition is unstable at low
temperatures, which, in turn, leads to the initiation
of crystallization. This indicates the low stability
of the amorphous state of cryoprotectant solu-
tions. Obviously, to avoid crystallization of the in-
vestigated solutions, it is necessary to use a higher
thawing rate. At the appropriate temperature, cha-
racteristic for each solution, the melting of ice be-
gins (see Fig. 1, transition 3).

Temperatures of phase transitions in studied so-
lutions differ noticeably (Fig. 1, Table). The lowest
glass transition, crystallization, and melting tempera-
tures were recorded in sucrose-containing DMSO
and EG solutions (Table). Aqueous solutions of the-
se cryoprotectants without sucrose have a lower
glass transition temperature [8], i. e. sucrose at
a concentration of 0.7 M increases the glass transi-
tion temperature of cryoprotectants.

It was previously established that the crystal-
lization and melting of eutectic compounds were

Temnepatypu ha3oBux nepexoAis i cknyBaHHsA y 30%-x po3vmHax KpionpoTekTopiB 3 gogaBaHHAM 0,7 M caxaposu
Temperatures of phase transitions and glass transitions in 30% solutions of cryoprotectants
with addition of 0.7 M sucrose

Sf’:lil;liﬂoHnMs Tg, °C Tc, °C Tm, °C

g',\\"ﬂgg -108,2 + 0,5 -85,3 £ 0,5 -34,6 £ 0,5
EEE ~109,1 £ 0,5 -86,9 + 0,5 -25,8 + 0,5

Enliuepmli -76 + 0,5 -54 + 0,5 -11,7 + 0,56
ycero

1:5;;‘5 -72,2 £ 0,5 -51,6 £ 0,5 -13,9 £ 0,5

1’/3:25 -83 + 0,5 -62,1 + 0,5 -15,1 + 0,5

MpumiTtka: Tg — Temnepartypa ckryBaHHs; Tc — Temneparypa KpucTanisadii; Tm — Temnepartypa nnasreHHs.
Note: Tg — glass transition temperature; Tc — crystallization temperature, Tm — melting temperature.
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Uil caxapo3oBMicHOro po3uuHy EI, mo cBigunTh
mpo (GOpMyBaHHS 3HAYHOI KUTBKOCTI CKJIIOMOIOHOT
(a3 npu OXOJOMKECHHI.

3a yMOB MOAANBILOrO MiABHIICHHS TeMIlepa-
TYpH OJpa3y Hicisl 3aBEepIICHHs PO3CKIYBaHHS CIO-
cTepiramacsi KpucTaji3amis y BCIX TOCIHIIKyBaHHX
po3umHax (mmB. puc. 1, mepexin 2). Ilepeoxomomxe-
Ha piinHa, SKa 3 ABISETHCA MICIS PO3CKITyBaHHA,
€ HecTaOlIBHO 32 HU3BKUX TEMIIeparyp, 10 MPH3-
BOIUTh JI0 MOYaTKy Kpuctamizamii. Lle cBiquuth
PO HHU3bKY CTAOUIBHICTH aMOP(HOTO CTaHy PO34H-
HiB KpiompoTekTopiB. BoueBuap, A yHHKHEH-
HSl KpHCTamizauii JOCTIUKyBaHUX PO3YMHIB HEOO-
XiJIHO BUKOPHCTOBYBaTH OUITBII BUCOKI IIBHJKOCTI
BinirpiBy. [Ipu BiAMOBigHIN A KOXKHOTO PO3YHHY
TEMIIEpaTypi MOYMHAETHCS IJIABJICHHS JbOLY (IMB.
puc. 1, mepexin 3).

Temmeparypu (a3oBHX TEpEeXOmiB y pPO3UHHAX
pI3HUX KPIOMPOTEKTOPIB TIOMITHO BiIPi3HSIIOTHCS
(muB. puc. 1, Tabmuus). HaifHmxdi Temmeparypu
CKJIyBaHHsI, KpUCTaJi3alii Ta IIaBJIeHHs 3apeecTpo-
BaHO y caxapo3oBMicHuX po3unHax JJMCO rta EI'
(Tabmuus). BoaHi po3unMHM IaHUX KpPiOMPOTEKTO-
piB 0e3 caxapo3u MalOTh OUIBII HU3BKY TEMIIEpaTy-
py ckiyBanHs [1], TOOTO caxapo3a y KOHIEHTpamii
0,7 M minBuiye TemIiepaTypy CKIyBaHHS Kpiompo-
TEKTOPIB.

Panime Oyno BCTaHOBIEHO, WO UL BOJHHUX
po3unHiB JIMCO Tta EI' xapakTepHUMH € KpHUCTa-
Ji3armis Ta IUIaBJICHHS eBTEKTHYHUX CKiIamiB [1].
Y maHomy JOCIIIKSHHI ITOKa3aHO, 110 3aBISKH J10/1a-
BAaHHIO Caxapo3d Y KXOAHOMY 3 PO3YHHIB KpiOIPO-
TEKTOPIB KpHUCTai3allisi €BTEKTUKH HE pPEECTpyBa-
sacsi. IMOBIpHO, 110 caxapo3a e(eKTHBHO 3B’s3y€
BOJY, MiJBHIIY€E B’S3KICTh PO3UMHY Ta TEPEUIKOJI-
xae (GOPMYBAHHIO KPHCTAIB €BTEKTUYHOTO CKIIANY.
Tak, mocmimkenHs G. Yu Ta cmiBaBT. [§] po3uuHiB
caxapo3d METOAOM HHU3bKOTeMIeparypHoi Pama-
HIBCHKOT CHIEKTPOCKOIIi BUSIBHIIO IIOCHJICHHS BOAHE-
BUX 3B’SI3KIB caxapo3a-BoAa Ta caxapo3a-caxaposa
ipu —50°C. Takox y po6ori A. Sikora Ta criBasT. [6]
13 3aCTOCYBaHHSAM METOMIB KJIACHYHOI Ta TeMIIepa-
TypomoaynboBanoi JICK Oyrmo mokazaHo CKITamHui
(hazoBUil cTaH pPO3YMHIB caxapo3u MPH HUZBKHUX
TEeMIIepaTypax.

TakuM 4YMHOM, OTpUMaHI JlaHi CBiIYarh MpO TE,
110 YCi JOCIiDKEHI PO3UMHHU KPIOMPOTEKTOPIB YCIIillI-
HO BITpH(IKYIOTBCSI, ajie MaloTh HU3bKY CTaOUIbHICTb
amopdHoro crany i moTpeOyroTh BUCOKHX ILIBHKOC-
Tel BiAIrpiBy aisi 3amoOiraHHs KpUCTalli3amii Ha
ertami HarpiBy. JlomaBaHHS caxapo3d B KpiOo3aXHCHIi
PO3YMHH TIPHU3BOJMTH 1O 3HAYHUX 3MiH y PO3BHT-
Ky (ha30BHX TEPEXOMdiB, 30KpeMa ITiIBHINCHHS TEM-
neparypy CKIIyBaHHSI.
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Puc. 2. CTpnbok TennonornMHaHHA Mig Yyac po3cKrnyBaHHA
Caxapo30BMICHMUX PO34MHIB KPiONPOTEKTOPIB: * — BigMIH-
HOCTIi 3Ha4yLLi BiAHOCHO iHWKMX po34yuHiB (p < 0,05, n = 6).

Fig. 2. A jump in heat absorption during vitrification of
sucrose-containing solutions of cryoprotectants: * — the
differences are significant compared to other solutions
(p <0.05,n=6).

characteristic of aqueous solutions of DMSO and
EG [8]. In this study, it was shown that due to the
addition of sucrose, no eutectic crystallization was
found in any of the cryoprotectant solutions. It is
likely that sucrose effectively binds water, increases
the viscosity of the solution and prevents the forma-
tion of eutectic crystals. Thus, the research of
G. Yu et al. [7] of sucrose solutions using low-
temperature Raman spectroscopy revealed the streng-
thening of sucrose-water and sucrose-sucrose
hydrogen bonds at —50°C. Also in the report of
A. Sikora et al. [4] using classical and tempera-
ture-modulated DSC methods, the complex phase
state of sucrose solutions at low temperatures was
shown.

Thus, the obtained data indicate that all investi-
gated solutions of cryoprotectants are success-
fully vitrified, but have low stability of the
amorphous state and require high heating rates to
prevent crystallization during the heating stage.
The sucrose supplement to cryoprotectant solutions
leads to significant changes in the development
of phase transitions, in particular, an increase in
the glass transition temperature.
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