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Experimental Investigations of Cryopreservation Mechanisms on Dispersed Rat
Cardiac Myocytes with Dimethyl Sulfoxide
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Dimethyl sulfoxide (DMSO) is one of the useful cryoprotective agents for a variety of cells

and tissues allowing prolonged storage at subzero temperatures. Since most of the optimum

DMSO concentrations for the different cells and tissues cryopreservations are similar, we

predict the reason for the optimum DMSO concentration by measuring the thermodynamic

properties of culture medium including DMSO and by observing the toxicity of DMSO on the

neonatal rat cardiac myocytes. The melting point measurements suggest that the larger DMSO

concentration medium has lower melting points, which would prevent the cell damage by ice

reformation during the thawing process. However, such medium has higher toxic effect on the

cryopreserved cells. These two contrary factors can predict the optimum concentration of DMSO

in the medium for the cryopreservation of cells including the cardiac myocytes.
(Received Jul. 29, 2011; Accepted Nov. 7, 2011)
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v MU O R REERE1T 7. —80CET
BB HAE 2TV —RERFR, BEEE L ok
BEDREMEL TR, DMSO & 5~10%E Lo
R CORERE b EWAERFE (5 50%) T, DMSO
Z 10%E Lo AR ORBI B B b = > b r— /Uil
BE, ME, MBSOBEEZEEL TV

DMSO 143 F7(CH;),80 THEAMETH Y, 5FD
K& INERA4A LT LSV, Mz EiR
THEEZ LN TS, DMSO I MG AR A
W& B T L IE 1959 ££1Z Lovelock and Bishop™iZ & -
THLMZENTR, TO%EL OMBOBEERT
CERTHLZ LRSI TS Y. HlasREC
BELTo DMSO Z#®REL, 7> MO T S~
10%777, 5 MR TH 10%”, 74 BiflEk T



10%Y72 CHIfATEN R > TH 10%ATH% THD Z &
MZ\N. —F5 DMSO ([Zi3kk~ Z2llaEE b#E S h
Tk PN AR L ORIMERE R ST
Tit, DMSO DERZEZBAMZ DE 18N T
vy 5 11), 12).
% 2 CAHFFETIE, DMSO OFEFEEREFEICHTHE
BIREEDS, FIRATELS R - Tb HREEN TH 5
HEZH LN L, MIEEERFRO DMSO I X 5
REERBFZALNNCT2ELZEEL L. R
BEDIR VIR XM RBR DR HENE T L 23 HiF
SNDH®H, BEREFICHOWMIELT v MLHMRE
DEHEFERIFOER DMSO BEN 10%R14ICHD Y
Hi %z, OKEROEBMERE & QHifa~DEME
B ENGHALNITDZ 2R LT,

# H & A &

1. RE#HH

FATHRGE V& FfE, £% 2~4 BOHETF T v b
DEBBLHHE (BR)FT74 <) —kis) %
EBRICHW-. FAETT v Mo Iz ODED
LRBEL-LEMBA Z T S —BABE L, R
B (R 7T 74~V —/ i, OlaREE A
T4 L) FICHEREE 2.0x10° cel/mL TH#k SH
7-. DMSO (Sigma-Aldrich Co. LLC A8, #liEE 99.7%)
AR IS RIR ISR S, RRRRE Couso=0

~20%DHFE DK I & OBREIREEL 2 1Rk L7z,

2. FEHBORSHERRE

1. TfERk L7z DMSO AR, 8 X OV
FEIR (10~15uL) 2o\ T, ;RERES (DSC: B
728 T 48 BSC-2S,/MTS-9000) T+20~—25CD

#HH CIREZL (BIERE—2C/min, FIER 0.5~

3C/min) =¥, TN DOWKER T, B T, &F
BEAH, ZJE L=, T, T, AH,1%, Fig. 11277
X572 DSC it L CTEET D, ok (RE - A
ARk, BERIEE : 0.09uS/cm) F FERICHIE
L, @ (0°C), RFEEL (6.0kJ/mol) DEHEL L
7e. BB T, AH, DEIX, FEFEZELIE
THIKDFEED 0°CL R D&M L. £,
IR DBERER (B b —1, BASETE (F)
HED) b RO DHEIE L.
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3. DMSO m#fifass14RlE

B RTERIE CHRRICER T 5182 TR %
VDM A T T 2 72 9 REURE O 430U AR GRE
JagEEE 2x10° cells/mL) % 4°C CiEih &8, BHER
(Comso=0~20%) LEHL7=. BNy T 4V
7% 4°CIZB VT 10~15 min {££ L, DMSO % & ¥
RVEEERIR E BONER L, B S (37°C, B 100%,
5%CO, FHZERH) T7 HREE L BRETO
EBRE n=1~3). L TEOEEHMNTE T 505
MO - MEEESS, AERER & & TR
DERBICHEIEL, BERICER LV a3y ba—
VK (n=3) & O CHREDIER % 7l L 7.

<«———— cooling

DSC [mV]

_______________________

heating —m8 >

-3

Temperature [°C]

Fig. 1. Typical DSC curve for the solution. Ty T}, and AH,
are the frozen temperature, the melting temperature,
and the melting enthalpy, respectively.
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1. AEROBEFHEDE

DMSO K¥EHR, I OBRERD Ty & T, D Couso
{KIEME%, Fig. 2 128, DMSO KIFKIZ, FATHF
FEOLERRIC T Tw& b Couso BT B L & HIC
BT L~ Tix—15~—25COfEATH Y, KEBR
DEEEE THTID Coyso 1B W T H 072185
HPEETWBHZ ERNRBINT. £ T, 1&

DMSO KIEHKE & BREIR & D Cppso EIEHEAIZIEIAT
THY, BHRERPOBEEIC XL DEEET (9—2.170)
23 DMSO ZiRM L THHEFF SN D Z & bhroTe.
Couso % [mol/kg| BEEAZICHAH L C, BFEIKIZE T 5 T,
& Cpuso & DEIFESR & 7R, 0~2.2 molkg
OFFHTIZITEROICEI L, ORXD X o iczo7
(FHREIfR%L R*=0.997).

T[*C1= —3.5Cpuso[mol/kg] —2.1[C] 1)
3725 DMSO BINC X 2 KERD T, 24ki%, K
DOENEBRSET (F9—1.85C kg/mol) XV 2 fEf2
ERENoT. EREREH T, DMSO i3k
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DMSO concentration Cpyso [%]
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Fig. 2. DMSO concentration Cpyso dependence of the frozen
temperature 7y (open symbols) and the melting
temperature 7, (solid symbols) for DMSO solutions
(squares) and for frozen solution (DMSO including

medium, circles). Hatched temperature range
indicates the maximum ice crystal growth
temperature region for foods'.
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Fig. 3. DMSO concentration Cpyso dependence of the
relative melting enthalpy SH,, for DMSO solutions
(squares) and for frozen solution (circles).

—75 DMSO KIEMR, 3 I OERHIK O LRz
0 Hy=AH oy, Ao ® Comso A%, Fig. 3
WRY. ZOXEY, DMSO KIFIKE, HHERKRE b
Cpuso BHEIT 5 & & HIT SH, TIFIEHBITET 3
LT ENbhoTz (% 4R*=0.99,094). $/2bb,
LR T, TEELEZLSIZ, DMSO T 5 &K
DIEEMET T2 ERARR I, EEBRD
SHytX, Cpuso?® 15%LL L1272 L IIEHTIR OB
W (0H,=035) WHIZ/RDZ ERbhoTz.

HHEEE —2°Clmin @ T, 28 —15~—25CO#iH T
HDHZ 0D, FATHEE MR D OO
LRBEOBMARE CHEHE LZLEZEXDLND.
DMSO ITHENICIZET D L EBEXbNEND, Z0

BRE S CIT IR ERE MBS AICAE L, BRI
2 TR E L7 MR A3 AR N B & = & FRTFE S
nizeEBzonsd. bbb, HERICTHRAES
RIZKTT D Copso IMTFHEIX ST ERE < 72 & HEHI
Enb. ZhicxL T,1%, —2~—10CO#KHET
Couso ITEHERHABR TH o 72, Coso 28 5%LL ETH
A T, 130 —5CLUTF L2 5. BRORIKERE
RN —1~—5CThs DL roET D L,
Cpuso ™3 5~10%LA_E T & FUIEHIESL DKRE b 23 S0H
WA E ZTIRELLT T, BB ok a3 mhiEd
LEZOND.

2. DMSO o) #ifa = 14 Al e

ay b — L ROLHMEOMEEIZ OV T, Fig.
4@ITTRT X D ICEEE 1 A B ERICES L, @4
DL HE Z thD =, T D%, BEET D00
MRE LA RHE 21X Uo7z, DFHMAE LI O
FRidEFE L, 5% 3 H BICIXERZIZITEDRLL
7= (BB : Fig. 4b)). Z ORI, HEARO
2TOLHARAFERY L CHET 25 2 L3RI
7. BEEHMAZ @ CABERIEICBNT, T0K
EHEEL, HEEAEAT2EROEE 2 B BICKH
130 [El/min Z 08k L 7-.

Fig. 4. Microscopic observation of dispersed rat neonatal
cardiac myocytes. (a) 1 day in culture: adhering
cardiac myocytes start to beat. (b) 3 days in culture:
the surface of the base is covered completely by cells
to form the cell sheet. The beating of cardiac
myocytes is synchronized in the cell sheet. Each
scale bar represents 100 pm.

ERERICEE LB NTYS, 2> he—L

KERMRICEZ 1 HRICESE - MELEZ. S50
i E LT 2 L RSMEI L. L, [

B O BRLAREENT Copso 23S EBHL (Table 1),
oSO LFHMRE TR T AERICH 7. £
DHFA TS, FEE BB DI O Tl HE L,
ZHEOMBTRIYT DL ko=, T, Mg
HEBZENRT 5 &L EREER—FRICFAYHET5F
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ZHERR L7z, MIRRBEEEE B IC OV T, Comso 2
5~20 %DHFETIE, => br— /K EIZIER T
LREN HHENZH -7 (Table 1) . 72> H DMSO
DEMHFHIERIZIBWC, Mo FSHEEEEA,
BLOHBRERBERAESThbay bo— K E
B L TR 2B LERICH D Z Loz,
ek, A b =LK E Cose=0 %X & & HEd 5
&, MRAOHEEICIIEEL TN L, B
THOEERRIL, BRICEELZRILTHRNT
L aHERR LTz,

Table 1 Cpyo dependence of the starting date of

synchronized beating after culturing, and that of
the formation date of the cell sheet

Starting date of synchronized beating /
Formation date of the cell sheet
Exp. 1 Exp. 2 Exp. 3

Coumso

0% day 1/day3 day2/day3 day1/day3
5% day 1 /day 4
10% day 1 /day 2
15% day 2 /day 4
20% day2/day4 X /day6

day2/day3 day1/day3

X: The synchronized beating was not observed during the
experiment.

E BT, FEEHIM OO RS a2
LR, REmEseisal-aix wind
ayhr— AR EIFERUEE2 BHE Tho ey,
Cpuso W< 7258, REABIIET TR
DTz, Coyso S 10 %A T TlE= b — L XD
HEHEED 80~90%TH 703, Cpyso=15%,
20% TIEZENZEI 60%, 30%RREL LD, BRENE
K BRDHZONTHREHBEEPET Lz, TRb0BAK
WROFEBREMET CIE, MRS T 51T E0FME
IERBEI N0, Couso D3 10 %L E TILL
AR OMSREICBRE R EENH D = L b o7z,

3. BBAERKICLSPB Iy D HHBEOER
REBROER

BEBHRIC L D08 T v MU ORISR
BWTE LN DMSO BERFNE Nic 0T, B
ROBWMRIE, B L OHIICK$ % DMSO O
BB 2 >OERERNOEETS.
BHERDBMMRIER R LY, Couwso 75 10%LL E
Tl T, PEIOKFERREREFATICRD Z LR
RIRENTZ. 2F D, DMSO BREEETHHIT LR
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HIFONFERETACEIH T I2HERH Y, i
Cpuso 5 10%LL L TEDOYRNBBEEICRND T &0
HIFHFEEND. W Copso 25 10%EL F OBHFERIZ L 5
REOEE, BHRERHIHRNEE Z e /E D,
R BRI IR A KE R O RIIC L D A T =T R
NURAEZT, BEZZTHAREERDS.
A5 5 DMSO D EMERBRIZ OV T, B5&
ANZ 4°C T 10~ 15min B2 EBRERICBE S 1256,
Comso 3EVIE EAENERAS B 2B, MBI LET
L, MiarEEE2lRT o0 BN E, LK
JOWREICEENELD b oTz, ZHH6D
BEEIY, Couso S 10%E B2 D EBEI/R-T-. B
BHROFAET T v MOUBHMIRICKT 2 DMSO OF
PERBR D TIE, 4°CIZBVNT Copso 5 10%LL_E DR
HRIZ 20min 25 MR, WEIREBICETL
TEY, AFETCELNERER L EEMIC—KLT
W, ¥ ZAMEK Y, 57U T OETE D,
~ U AOREEMIAE 0, fEET ), Wi P
72 ¥ T DMSO OFEMENH|E 4L, WIiLh 5~15%
UETRERRNZENRTWVS.

Cell viability

DMSO concentration

Fig. 5. Schematic diagram of Cpyo dependence of the
viability of cryopreserved cardiac myocytes (thick
solid line)". The viability increases with Cpyq if the
recrystallization of intercellular ice is prohibited by
reducing the melting point (dotted line). However,
the higher Cpyg0 would exhibit the larger cytotoxic
effect (dashed line).

THBDOFERD G, RO DMSO 12 & 5 ki
HRACIHIZIR &, MO DMSO BHEMmE & DB E
HRICL Y, BRBEFBCLIOHRT v MG
BORERIFEFRD Copso MFERTDILD T L DR
XAz (Fig. 5). AIEIGMBREICL-TigEA L
R E 25N 5728, DMSO OEERED
HERRRAEMENE, 26 < OBH-E KD DMSO it DE



WRERT?EELOND. TOMEOFHENLE L D
BE 5~15% Th D728, HEHRFCHT S DMSO
DEFEREN, HIAFRERRZ - T b HEIEsER T
bHEEZLND. MRAEISHRECL RN
X ix, DMSO AN % 8 L -CREE P AT 5
ZLEBRERHBLEILND.

ES E O

BRI EET2T v MUIHROBEERT
ZAEIZRd 5 EE DMSO RN 10%F1EICH D
HEZHA LT B8, KIERE OCERSROEBD M
HI7E & Mg ~nD DMSO BHEER & 21T - 72, TREE
B X 2B ORER RS, 5~10%LL LD
DMSO ¥ B CIIBRE A M TIC L Y @R 2 B IOKR d
AR LUTICT, EREMARS RAREF I MRS OKRE
EOBRRICEDAI=INA P L RAEBZTRNE
T B ERRBEENT. —HERER~ORER
SRk 5, DMSO ISR OMREZHET 5 Z &4
FERR I, FORENRE 10%LL L THEEICRD Z
LRRBENTE., IO EREEDLEDZ &
T, EiE DMSO BEN 10%R1#%12H 2 FNEMERIC
BT (0

i %

AEFFEE, (BR) 7T A <V —EAst kb BBHEME
B, BIEFREMEe (B B 23350001) K
D —EREEBh 22 CiThnz.  DSC #IZEE, (Bh)
EEHITR AR OB H 125 TiThitl,
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