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DMSO Effect on Phase Transitions and Vitrification in Cord Blood

Erythrocyte Suspension Under 0°C
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Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

Metonom JICK uccnenoBanu spuTpomMaccy KOpAOBOH KpPOBH, CMEIIAHHYIO B COOTHOIIEHHHU 1:1 ¢ BogHbIMH pacTtBopamu IMCO
Pa3IMYHbIX KOHLEHTPALHii, a TaKxKe 00pa3Lbl IFIOTHOTO 0Ca/IKa U HAaJ0 CaJ04uHOM JKUIKOCTH, ITOTyYSHHBIE T0CIIe LEHTPUBYTUPOBAHUS
IOTUX CMCCGI;I. Ol'lpe}le.]'leHbl TeMHepaTypr CTCKJIOBAaHUA, }leBI/ITpI/I(bPIKaLlI/II/I, KpUCTAJJIU3alluH1 U IIJIaBJICHHUSA DBTCKTUYCCKUX COCTABOB U
TeMIIepaTypa IOJIHOTO I1aBJeHus cucteM. [locTpoeHa 4acTh quarpaMMbl GU3MYECKUX COCTOSIHUET OMHapHOU cucTeMsl Boga — JIMCO
B auana3one koHuenrpauuii ot 0 1o 60 macc % JAMCO. Merogom SAMP noxkazano, uto konuentpamus JMCO B HagocagouHOH
JKHUJIKOCTH BBILIC, YEM B HHOTHOﬁ CyCHeHSI/lI/I OPUTPOLUTOB. 3TI/IM O6’bﬂCHﬂlOTCﬂ OTJINYUA KPUCTAJUIM3ALUU DBTCKTUK B o6pa3uax
IUIOTHOM CYCIICH3UH SPUTPOLIMTOB U B HAZI0CAA0YHOM )KUIKOCTH.

Knrwouesvie cnosa: nuddepennuanbras ckanupyromas kainopumetpusi, SIMP, IMCO, 3puTpoIMThI, KOPAOBas KPOBb.

Metonom JICK mocmimkyBanu epurpomMacy KOpAoBOi KpoBi, 1o Oynia 3MimiaHa y CHiBBiZHOIICHHI 1:1 3 BOOHHMH pO3YMHAMH
JAMCO pi3HUX KOHLIEHTpaLlill, a TAKOXK 3pa3KH IIITFHOTO 0CaIy 1 HaJJOCAAKOBI PiJHHH, OJlep>KaHi MiCIIs HEHTPU(PYTyBaHHS IUX CyMIIIeH.
BusnaueHo Temneparypu CKIyBaHHS, AeBiTpUpikamii, KpucTamizamii Ta MIaBICHHS €BTEKTHYHOTO CKIaLy i TeMIlepaTypa HOBHOTO
1aBJeHH cucteMu. [loOynoBaHa yactiHa fgiarpamu Gismdaux craHi OiHapHOI cuctemu Boga-JAMCO y miana3oHi koHIeHTpamii Big 0
1o 60 mac % IMCO. Meronom SIMP nokazaHo, mo korueHTpauis IMCO B HafmocaaKOBii piAnHI BUIIE, HIX y IUIBHIN CycneHsil
epUTPOUHUTIB. LIFM MOSICHIOETHCS PI3HUIISI KPUCTAITI3aIli] €eBTEKTHK Y 3pa3kax HIUTbHOI CYCIeH311 epUTPOLIUTIB 1 B HAIOCAIKOBIH pifuHi.

Knruoei cnosa: mudepenniiiHa ckanyroua kanopumetpis, AMP, IMCO, eputponutu, KOpaoBa KpoB.

Using the DSC method there were investigated the cord blood erythromass, mixed in 1:1 ratio with DMSO aqueous solutions of
different concentrations, as well as the samples of dense sediment and supernatant fluid, obtained after these mixtures’ centrifugation.
The temperatures of vitrification, devitrification, crystallisation and melting of eutectic compositions and the temperature of complete
melting of systems were determined. There was built a part of diagram for physical states of water-DMSO binary system within the
concentration range from 0 up to 60 % (w/w) of DMSO. Using the NMR method it was shown, that the DMSO concentration in
supernatant fluid was higher, than in a dense suspension of erythrocytes. This explains the differences in eutectics crystallisation in

the samples of erythrocyte dense suspension and in supernatant fluid.
Key words: differential scanning calorimetry, NMR, DMSO, erythrocytes, cord blood.

Texnonoruu ¢ npumenennem JIMCO B kagecTBe
KPHUONPOTEKTOPa, 00JIalaloNero BeICOKOW MPOHU-
Kamomeld cnocoOHOCThIO B KJIETKH, 3aHUMAIOT
3HAYUTEIHLHOE MECTO CPEIU N3BECTHBIX TEXHOIOTHH
KpuoKoHcepBUpoBaHHsi. OQHAKO 0COOEHHOCTH
MOBEJCHUS KJIETOYHBIX CHCTEM B MPUCYTCTBHH
IMCO npu temmeparypax Huxe 0°C mamno
M3y4deHbl. B cBs3M ¢ 3TUM HaAMU OBLIN MCCIIETOBAHBI
(hazoBbIe Mepexoasl U CTEKJIOBaHME B OMHAPHBIX
BoJIHBIX pacTBopax JIMCO u B KIETOUHBIX CyCITE€H-
3UAX IpUTpoIUTOB ¢ nodaBkamu JJMCO.

Matepunanbl n metoAbI

OpUTPOLUTHI KOPAOBOU KPOBU TOTOBUIIN CIETYIO-
MM 00pa3oM: K 1 MIT LIeTIbHOW KpOBH J00aBIsIH 1 Mt
(u3pacTBOpa, EpEMEIIMBAIIN, HEHTPU(PYTUPOBAIIH IIPH
800g 5 MuH, 3aTeM HagocaAoK ygaasuiu. Takyro

Technologies with DMSO application as a
cryoprotectant with a high penetrating capability into
cells take significant place among the known
technologies of cryopreservation. However the
peculiarities of cell system behaviour with DMSO
presence at the temperatures under 0°C are poorly
studied. In this connection we investigated phase
transitions and vitrification in binary DMSO aqueous
solutions and erythrocyte cell suspensions with DMSO
additives.

Materials and methods

Cord blood erythrocytes were prepared as follows:
to 1 ml of the whole blood one added 1 ml of
physiological solution, mixed, centrifuged at 800 g for
5 min, then the supernatant was removed. Such
procedure was thrice repeated, then erythrocytes were
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MIPOIIEAYPY MMOBTOPSUTH 3 paza, OCie Yero SPUTPOIUTHI
CMEIINBAIH C PaBHOM MO 00BEMY KPHO3AUIUTHOMN
cMmechlo, coaepxame 40, 50, 60, 70, 75 unu
80 macc % AMCO. Ilocne cMenmBaHust 3pUTPOLIUTHI
ocaxxaanu ueHTpudyrupoanueM npu 800g B TeueHue
5 MUH ¥ OTAESIM MJIOTHYIO CYCHEH3HIO KJIETOK OT
HajocanouHoi xuakocty. [lomydanu 3 Buma obpas-
uoB: 1 — sputrpomacca, cMeUIaHHAasi C PaBHBIM
00BeMOM KPHO3aIIUTHOTO PacTBOpa, 2 — IUTOTHBIN
0CaJIOK IPUTPOIHUTOB TOCIEe HEHTPUDYTHPOBAHUS
repBoro obpasma, 3 — HarocamouHas JKUIKOCTb.

st uccnenoBaHus HU3KOTEMITEpaTypHBIX (a3o-
BBIX [IEPEXOZIOB U CTEKJIOBAHMUS B 00IaCTH TEMIIepaTyp
0+-196°C 0bU1 HCHONB30BaH pa3pabOTaHHBIN HAMH
mudepeHIuaIbHbI CKAaHUPYIONIUH KaJOpUMETP,
KOTOPBIH coracHo kiaccudukanuu Yaumananara [1,2],
MOXXHO OTHecTH K mpubopam tuna “JICK” (JTA).
[IpunHIHI paboTH TAaKOTO KaJOPHUMETpPa OCHOBAH Ha
pPETUCTpalU TEIUIOBBIX MOTOKOB, MOCTYMAIOIIUX B
o0pazew B mpoliecce ero HempepbIBHOIO Harpesa. B
otiinuue oT oObiuHOro JITA B nanHoMm mpubope
WHTETrpalibHbIM TEIJIOBOM MOTOK PETUCTPUPYETCS
ONHOBPEMEHHO BO BCEX TOUYKax BHe oOpasia.
Oco0eHHOCTBIO pazpaboTaHHOTO MpHbopa SBIsSETCS
TO, YTO €T0 pabouyI0 KaMepy MOXHO IPEABAPUTENHHO
OXJIAUTh 10 1000 3aJaHHOW TeMmepaTyphl B
muanazone 0 + —196°C, a 3aTeM MOMECTHTD B SIYCHKY
oOpa3zerl, KOTOpHhIid ObLT 3apaHee OXJIaXIEH C 00N
TpeOyeMOoi CKOPOCTHIO. DTO MO3BOJISIET UCCIIE0BATh
00pasIibl, OXJIaXJACHHBIE C BHICOKUMHU CKOPOCTSIMH,
KOTOPBIE HEBO3MOXKHO PEaIn30BaTh HEMOCPEICTBEHHO
B KamopumeTrpe. B paboTe o0pa3upl oxitaxaaan
MOTPYKEHUEM B KUJIKUW a30T, CPEIHSIS CKOPOCTh
OXJIAXACHUS TIPH 3TOM cocTaBisiaa 3,3(3)°Cxcl.
TepMoTrpaMMBl PETHCTPUPOBANH MPH HATPEBE CO
ckopocThio 8,3%1073 °Cxc.

KoHIneHTpanuio KpHONpoTEKTOPOB B 00pa3ax
onpeaeasau merogom 'H SIMP Bricokoro paspe-
menust Ha cektpometpe Tesla BS 567A, ucrions3ys
METOMKY, OMMCaHHYO B [3].

Pe3yAbTatbl M 00CYyXAeHUe

N3BecTHO, YTO KOHUEHTPALUsI KPUOIPOTEKTOPa
BHYTPU M BHE KJIETOK HEOJAMHAKoBa. MeTomom
'H AIMP omnpenensiin KOHIECHTPAIUIO KPUOIPO-
TEKTOPOB B UCXOAHON CMECH IPUTPOITUTOB, HATOCATKE
1 TUIOTHOHM SPUTPOIUTAPHON Macce Mocie IEeHTPHU-
(hyrupoBaHUsS C KPUONPOTEKTOpPaAMHU. 3HAYECHUS
HaWIEHHBIX TaKUM CIIOCOOOM KOHIICHTPAIMHA TIPEeI-
cTaBJICHBI B Ta0d. 1. BuaHo, 4YTO HE3aBHCHUMO OT
ncxonnor koumnentpanuum JMCO B cmecu B
HaJI0CaJ0YHOM )KUIKOCTH OHA BBIIIE, YEM B INIOTHOM
0CaJIKe SPUTPOLIUTOB.

Ha ocHOBaHuM MONYyYEHHBIX TEPMOIPAMM IOCT-
pO€HA YacTh quarpamMmbl (PU3HUYECKUX COCTOSHUU B
nuara3one konneHntpanuii ot 0 1o 60 macc % (puc.1).
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mixed with equal on volume cryoprotective mixture,
containing 40, 50, 60, 70, 75 or 80 % (w/w) of DMSO.
After mixing erythrocytes were sedimented by
centrifuging at 80 g during 5 min and the dense cell
suspension was separated from supernatant fluid.
There were obtained 3 types of samples: 1 —
erythromass, mixed with an equal volume of
cryoprotective solution; 2 — dense sediment of
erythrocytes after the first sample centrifugation; 3 —
supernatant fluid.

In order to investigate the low temperature phase
transitions and vitrification within the temperature
range of 0+-196°C we have used the developed by us
differential scanning calorimeter, which according to
the Wendlandt classification [1, 2] can be referred to
the “DSC” (DTA) type devices. The work principle
of such calorimeter is based on the recording of heat
flows, entering into the sample during its continuous
heating. In contrast to ordinary DTA in this device the
integral heat flow is recorded simultaneously in all sites
beyond the sample. The developed device peculiarity
consists in the fact, that its working chamber can be
preliminarily cooled down to any fixed temperature
within the range of 0+-196°C, and then to place into a
cell the sample, cooled beforehand with any required
rate. This permits to investigate the samples, cooled
down with high rates, which realisation is impossible
directly in calorimeter. In the work the samples were
cooled down by immersing into liquid nitrogen, an
average rate of cooling made 3.3(3)°Cxc’'. The
thermograms were recorded during heating with
8.3:103°Cxc! rate.

The concentration of cryoprotectants in the samples
was determined by '"H NMR of high resolution by Tesla
BS 567A spectrometer, using the technique, described
in the paper [3].

Results and discussion

It is known, that the concentration of cryoprotectant
inside and outside of cells is not equal. Using the 'H
NMR there was detected the concentration of
cryoprotectants in initial mixture of erythrocytes,
supernatant and dense erythrocyte mass after
centrifuging with cryoprotectants. The values of
concentrations, found by such a way, are presented in
the Table 1. It is seen, that independently on the initial
DMSO concentration in mixture, it is higher in
supernatant fluid, than in a dense sediment of
erythrocytes.

Basing on the obtained thermograms a part of
diagram of physical states within the concentration
range from 0 to 60% (w/w) (Fig. 1) was built. In
contrast to such non-electrolyte solutions as glycerol
and especially 1,2-PD, water-DMSO system can be
completely crystallised in all proportions. In the built
part of diagram there are the lines of crystallisation of

PROBLEMS
OF CRYOBIOLOGY
2003, Ne2



B oTimume oT TakuX pacTBOPOB HEAJICKTPOIHUTOB,
Kak munepuH u ocoobenno 1,2-11J1, cuctema Boma —
AMCO MmoxeT ObITh HOJHOCTBIO 3aKpHUCTAall-
JW30BaHa BO BCEX MPONOpUHSAX. B mocTpoeHHON
YacTH AUarpaMMbl UMEIOTCS JIMHUHM KPUCTAJIIHU-
3alMH 9BTCKTHYCCKUX COCTaBOB (uHUA 3, —84°C),
ux miaBneHus(uaus 4, —63°C), TMHUN TeMIIepaTyp
CTekoBaHus (MUHUA 1), NeBUTpUPUKAIUHN (JIMHUS 2)
Y TUIABJICHUSI CHUCTEMBI (JIMHUS JUKBHAyca 5). Ha
nuarpaMme (QU3UYECKUX COCTOSIHUN MPUBEICHBI
Takke TOYKH (Pa3oBBIX MEPEXOJOB M CTEKIOBAHHUS
st JIMCO na duspactsope (1',2',3",4',5"). Cenyet
OTMETHUTh, YTO 3HAYCHUS TEMIIEPATYP CTCKIOBaHUS,
MJIaBJICHUS DBTEKTHKH ¥ IJIABIICHUS BCEH CUCTEMBI
MPaKTUYECKU COBMAAAIOT C ITHMHU Ke 3HAUCHUSIMU
B OuHapHo# cucteme Bona-JIMCO, 3HaueHHs
TEeMIlepaTyp KpUCTANIU3ANUHA IBTEKTHYCCKUX
COCTaBOB OTJIMYAIOTCS HECYIIECTBEHHO. JleBUTpH-
(ukanus pa3BUBaeTCSA B y3KOM JIHara30He KOHIIEH-
Tpaluii, B TO BpeMs Kak ee TeMIlepaTrypa MEHseTCs
B npegenax 40°C.

Ha puc. 2-4 npencrasieHsl 00pa3ibl TepMOrpamMm
JCK cycnensuii 3puTpo1uToB ¢ pactsopamu JJMCO
U TEPMOTPaMM HaJ[0CaI0YHOH )KUIKOCTH H IJIOTHOTO
0CaJIka SPUTPOIUTOB, MOTyUYEHHBIE MOCTe IEHTPH-
(GyrupoBaHusi HCXOMHBIX CYCIIEH3UH YPUTPOIUTOB C
AMCO. U3 noiay4yeHHBIX JAHHBIX BUIHO, YTO Ha
TepMOrpaMMax HCCIIeyeMbIX 00pa3loB PEeruCTpH-
PYIOTCS NHUKH, COOTBETCTBYIOIHE TEMIIEpaTypam
neBuTpuUKAH (MUK 2), SBTEKTUYECKON KPUCTaI-
mmsaunu T, (nmk 3), sBTekTnyeckoro miasnenus T,
(nux 4), iaBenus Beei cucteMbl T (nuk 5), a Takoke
CKayOK TEIJIOMOTIOWEHHs 1, COOTBETCTBYIOIUM
TeMIEpaType CTEKJIOBaHUs Tg.

Kak m B paHee paccMOTpeHHBIX oOpasmax
SPUTPOIIUTOB KOPIOBOH KPOBH C I00ABKaMH ITHICPHHA
u 1.2-11/1, B cycnieH3usIX SpUTPOIIUTOB B IPHUCYTCTBHU
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Fig.1. Diagram of physical states of water-DMSO system.
Explanations are in the text.
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Taonuuna 1. Konnearparu JIMCO B uccienyembix
o0pa3siax, ornpeneneHasie MetogqoM SIMP
Table 1. DMSO concentrations in studied samples,
determined with NMR method

KonnenTparus
KPUOIIPOTEKTOPA,
macc %
Cryoprotectant
concentration,

% (W/W)

Obpaser
Sample

Opurpomacca + 40% —i pactBop AMCO (1:1)

Erythrocytes + 40% solution of DMSO (1:1) 244

Hapocapok mocae 1eHTPUMYTUPOBaHUS

Supernatant after centrifugation 256

TTAOTHBIH OCAaAOK 9PUTPOMACCHI TIOCAE
HeHTpU@yrupoBaHus
Dense sediment of erythrocytes after
centrifugation

22,5

Opurpomacca + 50% —i# pactsop AMCO (1:1)

Erythrocytes + 50% solution of DMSO (1:1) 30

Hapocapok mocae 1eHTpUMYTUpOBaHUs

Supernatant after centrifugation 339

TTAOTHBIH OCAaAOK 9PUTPOMACCHI TIOCAE
HeHTpU@yrupoBaHus
Dense sediment of erythrocytes after
centrifugation

26

Opurpomacca + 60% —i pactBop AMCO (1:1)
Erythrocytes + 60% solution of DMSO (1:1)

Hapocapok mocae 1ieHTpU(yTIpOBaHUsT
Supernatant after centrifugation

TTAOTHBIH OCAaAOK 9PUTPOMACCHI TIOCAE
LeHTpU@yrupoBaHus
Dense sediment of erythrocytes after
centrifugation

37,7

Opurtpomacca + 70%—i# pactsop AMCO (1:1)

Erythrocytes + 70% solution of DMSO (1:1) 485

Hapocapok mocae 1eHTPpUMYTHpOBaHUS

Supernatant after centrifugation 497

TTAOTHBIH OCAaAOK 9PUTPOMACCHI TIOCAE
LeHTPU@yrupoBaHus
Dense sediment of erythrocytes after
centrifugation

46,3

eutectic compositions (line 3, -84°C), their melting (line
4,-63°C), the line of vitrification temperature (line 1),
devitrification (line 2) and the system melting (liquidus
line 5). The points of phase transitions and vitrification
for DMSO on physiological solution (1', 2', 3', 4', 5")
are shown in the diagram of physical states. It should
be noted, that the temperature values of vitrification,
eutectic melting and that for all system practically
coincide with those values in binary water-DMSO
system, the values of crystallisation temperatures of
eutectic compositions differ insignificantly. Devitrifi-
cation develops within a narrow range of concen-
trations, meanwhile its temperature changes within
40°C.

The samples of DSC thermograms of erythrocyte
suspensions with DMSO solutions and those of
supernatant fluid and dense sediment of erythrocytes,
obtained after centrifugation in initial erythrocyte
suspension with DMSO are presented in the Fig. 2-4.

The data obtained show, that in the thermograms
of studied samples there are the peaks recording,
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Puc. 2. ICK — TepmorpamMMbl HCXOAHON CMECH 3PUTPOLIUTOB
¢ pactBopamu JIMCO pa3nudHON KOHIIEHTpaIH. 31ech U
Ha pHC. 3,4 OTMBITBIE OT IJIa3Mbl 3PUTPOLIUTHI CMELINBAIIH C
pactBopamu JIMCO B 06b&émMHOM cooTHomeHuu 1:1 mpu
TaKUX KOHIIEHTPAIHsIX pacTBOpoB, %o: I - 40; 11— 50; III - 60;
v-170.

Fig. 2. DSC-thermograms of initial mixture of erythrocytes
with DMSO solutions of different concentrations. Here as
well as in the Fig. 3, 4 the plasma-washed out erythrocytes
were mixed with DMSO solutions in 1:1 volume ratio under

the following solution concentrations, %: I — 40; II — 50;
IIT - 60; TV —70.
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HEHTPU(DYTUPOBAHKS CYCIIEH3HU 3PUTPOIIMTOB C PACTBO-
pamu JIMCO pa3nu4HbIX KOHLIEHTpALUil.

Fig. 3. DSC-thermograms of supernatant fluid after
centrifugation of erythrocyte suspension with DMSO
solutions of different concentrations.
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corresponding to the temperature of devitrification
(peak 2), eutectic crystallisation T,  (peak 3), eutectic
melting T, (peak 4), all system melting T_ (peak 5),
as well as the step of heat absorption 1, corresponding
to the temperature of vitrification T,.

Both in observed earlier samples of cord blood
erythrocytes with glycerol and 1,2-PD, in erythrocyte
suspensions at DMSO presence after centrifugation
the DMSO concentration is higher in supernatant fluid
and lower in dense sediment of erythrocytes. The
temperatures of phase transitions and vitrification in
supernatant and in dense erythrocyte sediment with
DMSO do not always coincide with phase transition
and vitrification temperatures in water-DMSO binary
system of the same concentrations. The thermogram
picture of dense erythrocyte sediment with DMSO is
determined in a greater extent by the presence of
biological components in a system.

The Table 2 demonstrates the temperatures of phase
transitions and vitrifications in the samples of cord blood
erythrocytes with DMSO solutions, as well as in
supernatants and dense erythrocyte sediments,
obtained after centrifuging the initial samples of cord
blood erythrocytes with adding DMSO solutions of
different concentrations. Both thermograms and Table
2 show, that at the presence of cells the peak of
eutectic crystallisation (T, ) in the samples with initial
70% DMSO concentration is not recorded, meanwhile
in supernatant fluid the peak of eutectic crystallisation
is present. This can be explained by the fact, that the
DMSO concentration in supernatant fluid is higher
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ocaJika mocjie HeHTpUu(yTUpPOBaHUS CYCIIEH3UH IPUTPO-
nuToB ¢ pactBopamu IMCO pa3nn4HbIX KOHIEHTPALUH.

Fig. 4. DSC-thermograms of dense erythrocyte sediment
after centrifugation of erythrocyte suspension with DMSO
solutions of different concentrations.
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Tab6.1. 2. Temneparypsl (a30BbIX IEPEXOI0B U CTCKIOBAHUS B 00pa3iax
3PUTPOLUTOB KPOBH ¢ fobaBieHreM pactsoposB JJMCO

Table 2. Temperatures of phase transitions and vitrification in the samples of blood
erythrocytes with adding DMSO solutions

JIMCO nocne neHTpuQyrH-
poOBaHHA KOHIICHTPAIHSI
JAMCO BblIIIe B HagoCam04-
HOH XKHUAKOCTH M HHXE B

IUIOTHOM OCaJKE DPUTPOLHU- Temneparypa,’C

T OGpaser Temperature,”C
TOB. Temmeparypsl (pa30BbIX Sample
NepPEeX0a0B U CTECKJIOBAaHMSA B Ty Tar T T T
HajocaAke u B ITOTHOM Opurpomacca +40% — i pactreop AMCO 497 _ — 7.6 —63 953
0oCaaKe OpUTPOLOUTOB C Erythrocytes + 40% DMSO solution ' '
;ZIMCO HE BCCTIa coBIaza- Opurpomacca +45% — it pacteop AMCO — 12 _ —76 636 _ 987
0T C TeMIeparypamMmu (ba30_ Erythrocytes + 45% DMSO solution ' '
BBIX NIEPEXOJTOB U CTEKJIO- o — i

g ; P oyt i DRISO whution © | 7| = | o | e |
BaHHA B OMHApHOW cucTeMe Tytroey o
BOIIa-I[MCO TEX K€ KOHIICH- Opurpomacca+ 55% — i pacreop AMCO 127 _ 762 632 314
Tpaunﬁ BI/I,Z[ TepMOrpamMm Erythrocytes + 55% DMSO solution ! ' !
IUIOTHOTO DPUTPOLUTAPHOIO 3p§TptEMaccta+ iO‘ZaO:/ I“dDzﬁcsToBopl At,MCO 1202 _ _71 | —e28 _a3

o rythrocytes solution ! ' i
ocaznka ¢ JIMCO B Gounbleit ’
- Opwurpomacca + 65% — it pacteop  AMCO _ _ _ _ _
CTeHegI/I OIpENEISIETCS HAIU Ergthrocytes + 65% DMSO solution 129 76,3 63,2 36
queM OMOJIOTHYECKUX KOMITO-
Y
HCHTOB B CHCTEME. Py throcytes + 70% DMSO solution -1 | -0z | — | 628 | 5
B tab61. 2 npeacrasieHsl
P Opurpomacca+ 75% — i pacrsop AMCO 1305 —113 —73 63 — 473
TEMIICPATYPhI (1)33OBBIX Iie- Erythrocytes + 40% DMSO solution ' '
pexXonoB U CTEKIOBAaHUS B
Spurpomacea + Hapocapox 12 - —764 | —632 | —282
o0pasmax SPUTPOIUTOB KOP-  40%—it pactzop Supernatant ' ' '
JIOBOW KpPOBH C pacTBOpamu Eryt%?ﬁcytes +
5 y
JIMCO, a Tawxke B Hanoca- T PErythrocyte sediment | 1262 |  — | ~71| - -~
KaxX ¥ IJIOTHBIX ocajgkax
Opurpomacca +
SPUTPOLUTOB, MOIYYCHHBIX 500 % pacrmop G ~126,4 - ~7% | —636 | —306
nocjie HEeHTPUPYTHPOBAHUS Erytﬁlr\gg%s N
_ 50% DMSO OpHUTPOLUTAPHBIN OCAAOK _ _ _ _ _
HUCXOJIHBIX 06pa3LIU0B SpUTPO e DM Erythrocy e sedimont 126 76 63 23
LUTOB KOPIAOBOU KPOBHU C
OpuTpomacca + Hapocapok
JobaBkaMu pacTBOpOB oD Su;AemZ.?ant 127 _ —776 | —632 3
JAMCO pa3nu4HbIX KOHIIEH- AMCO
o~ Erythrocytes + .
Tpanouu. Kak u3 TEpMOIrpamMm, 55% DMSO OpUTPOIMTAPHBINA OCAAOK —126 _ — 77,5 —63,5 — 2,2
solution Erythrocyte sediment
Tak ¥ 13 Ta0/1.2 BUIHO, YTO B
IIPUCYTCTBUH KJIETOK HE pe- Spurpomacca + Hapocapox
pHcy P 60% — i1 pacTBOp Supernatant —1268 - 773 —634 —38
TUCTPUPYETCA MUK KpUCTAI- AMCO
Erythrocytes + .
nusaunu dBTeKTUKRH (T, ) B 209 DMSO OPHTPOIMTAHEL 0CARAOK | _ 1o _ —773 | —e3 295
o0pasiiax ¢ KCXOIHOM KOHIICH- solution Erythrocyte sediment ' ' '

o o
tpauueit IMCO 70%, B TO Spurpomacca + Haaocanok

N 65% — 11 pacTEOp s —126 - —7%6 | —639 —438
BpeMs Kak B HAJ0CagOYHOU ° AMCO upernatant
JKUJIKOCTH MUK KPHUCTaIIH- E%’Stgr%cl%t;g + N ———
3allUM DBTEKTUKHU NPUCYT- solution Erythrocyte sediment -1 a B B B
ctByeT. OOBSICHUTH 3TOT

Opurpomacca + Hapocapok

(baKT MOXXKHO TeM, YTO KOH-  70% S ipacrsop Supernatant 1805 —H3 ) =76 —628 | 475
nentparusa JIMCO B Hanoca- Erythrocytes + 5 )

o 70% DMSO PUTPOLUTAPHBINA 0CaAOK _ _ _ _ _
JOYHOHU XXHUJAKOCTH BBILIC solution Erythrocyte sediment 130 121 62,9 43,5
(Tabm. 2) u KpuCTaUIH3AIUS
9BTEKTHUYECKHUX COCTABOB pmovaces ¢ Haaocaaox —130 | —1068 | —72 —63 —49

75% — 1 pacTBOp Supernatant '
HAN0CAMOUHOM KUAKOCTH — p A00CO
pa3BWBAETCS Ha JTale Har- 75% DMSO OPUTPOLUTADHBLIN OCAAOK | _ 4553 | _q092 | —76 —63 —45
solution Erythrocyte sediment

pesa.

MHTEeHCHBHOCTE MWK KPUCTAJUTU3AIINY SBTEKTHKHA 3
B HICXOITHOM 00pasIie 1o XapaKTepy CBOETO MPOSIBIICHUS
MpeJICTaBISAET COO0W CYMEepHO3UIIUI0 COOTBET-
CTBYIOIIUX MHUKOB KPHUCTAJUIM3ALNU IBTEKTHUK B

(Table 2) and the crystallisation of eutectic compositions

in supernatant fluid develops at the stage of heating.
The intensity of crystallisation peak of eutectic 3 in

initial sample by the character of its manifestation
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MEKKJIETOUHOM 1 BHYTPUKJIETOUHOM XKUJKOCTH.

BbiBOADI

B cucremax, cogepxamux JMCO, B oTiinume ot
CHUCTEM C KPHOMPOTEKTOPAMM U3 psja MOJIUOIOB
HaOiogaeTcsl KpUCTAIAU3ausl IBTEKTUYECKUX
COCTaBOB. DTO SIBICHNE, HAPSIAY C ACBUTPUPHUKALIUEH,
MOJET MNPEACTaBIATh COOON NOMOJHUTENbHBIHI
KPHOTIOBPEXK AU pakTop.

Jlutepatypa
1. 3uHyeHko A.B. WNccnepoBaHue as3oBbiX NeEpPexonoB U
PU3NYECKMX COCTOSIHUIA BOOHBLIX PACTBOPOB MHOFOATOMHbIX
cnupToB B Anana3oHe TemnepaTyp -150°+ 0°C. ABToped.
auc... kana. ¢wms.-mat. Hayk.— XapbkoB, 1983.— 22 c.
YaHdnaHOm Y. Tepmnyeckme metogbl aHanusa.— M.: Mup,
1978.— 526 c.
A.c. 16423442 CCCP MKWN®° GO1N24/08. Cnocob oLeHku
NPOHUKHOBEHUSI BELLECTB B KNETOYHble cycneHsuu /
B.[. 3uHuerko, M.U. WeTtuHckuii, B.N. Mycatos, B.A. Moucees
MopaHo 08.01.88. Ony6n. 15.04.91 B./. Ne 14.

IHocmynuna 14.01.2003.
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represents the superposition of corresponding
crystallisation peaks of eutectics in intercellular and
intracellular liquid.

Conclusions

In systems with DMSO in contrast to those with
cryoprotectants of polyol series the crystallisation of
eutectic compositions is observed. This phenomenon
along with devitrification can represent an additional
cryodamaging factor.

References
1. Zinchenko A.V. Investigation of phase transitions and physical
states of aqueous solutions of polynuclear alcohols within
the temperature range of 150°C + 0°C. Abstr. Thesis Cand. in
Physics and Mathematics.— Kharkov, 1983.— 22 p.

2. Wendlandt W. Thermical methods of analysis.— Moscow:
Mir, 1978.— 526 p.
3. Author’s certificate 1642342 USSR ICI* G 01N24/08. Way

for estimating the penetration of substances into cellular
suspensions / V.D. Zinchenko, M.l. Schetinsky, V.l. Musatov,
V.A. Moiseyev. Filed 08.01.88. Published 15.04.91. Bul. N14.

Accepted in 14.01.2003

PROBLEMS
OF CRYOBIOLOGY
2003, N2



