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Effect of gas adding on the preservation
of dissociated neonatal rat cardiomyocytes at room temperatures

Toshiki Okudaira, Masafumi Nagayama, Kazutoshi Gohara, Tsutomu Uchida

If we can preserve the cells, we contribute significantly to the industrial demands by the stable supply of a
number of experimental samples from one individual. However, some cells exist in high demand although it is
difficult to preserve, such as the cardiomyocytes that make up the heart. In this study, we have examined the
preservation technique by applying gases to rise the storage temperature limit of the dispersed primary rat
cardiomyocytes. We evaluated the health of its functions under physiological conditions by culturing the cells
after the storage by applying 0.5MPa gases for 72 hours at temperatures ranged from 9.4 to 35°C. As a result,
we observed no difference between the preserved cells with and without applying inert gas, nitrogen gas and
hydrocarbon gas in the present experimental conditions. However, we found the significant negative effect by
applying the mixed gas containing oxygen during the culture test although the dispersed condition was kept

during the preservation period at higher temperature.

the adhesion function of cardiomyocytes.

1. Introduction
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Vi & F%E S NI RIS G 2 9k (4 ~10°C) St
TC2URMEERETE2. JOVERHCRET 20

JLBERY: Kbt TEWsebe oY
Division of Applied Physics, Faculty of Engineering,
Hokkaido University

It is considered that the dissolved oxygen would inhibit
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2. Experimental Procedures

2.1 Experimental Materials
(1) Preparation of dispersed cells of

neonatal rat cardiomyocytes
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tions
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2.2 Evaluation methods of normality on
preserved cells
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(1) Cell viability
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@ Microscopic observation of cells dur-
ing cultivation
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—— Control sample (without preservation) —
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Suspended
% Gas-pressurized
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preservation sample

72hours preservation at
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— normal preservation
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Figure 1 . Schematic diagram of experimental procedures

Table 1  Experimental conditions and frequencies of experiment

Gas Storage Temperature [°C]
9.4+0.1 19.2+0.8 21.9%0.5 28.2+0.1 35.0%0.1
Xe 2 2 2 2 2
Ar 2 2 2 2 3
Kr 2
He 2
N, 1 3 2 2 1
N/O (5) 2
Air 1 2
N/O (50) 1 2 2 1
CH, 2
C,H, 2
C;Hg 2

Iz, PERER AW RBEIERRC, RO X 5
FEIAR 2ot (RIS RO EBHIL .. B
EIHBEIEOL, SV > R X 10 % v S HRHE %
7w, ERMIICOWTZRZEED 4 RETFTH Y >~
LI LTz &, BERMFICBWTERREIOER T —
Y DI B, Kl L RIMERFEEE, S OfRzZ L LTE
L7z.

3. Results

3.1 Effects of temperature and variety
of gases on the morphology of
dispersed cell Just after the 72-
hours preservation

HREH A% 0.5 MPa HIIN U 72RRET, K5 dic sy

B 7D 2 72 K —EmE CRE 1T 7.

RAEIARIFCHIEDS E D & 5 BZE LB L Ul 2 HER T

L7, BRERTROMIGZREER Y = VICHEEL, B
WERBE %1757z, Table2 KENODFERZ2FE L O
7z.

WIEE R OEMEHEE ) o, R oM okRE
ZALIZ O W THEES L7z, Figure 2 121X, (a) FEALEEX,
(b) Xe Z AHMX, BLU () N/O (50) & AEIHIX
WWBWT, 9.4, 21.9, BX U 35.0°CO K E T 72 K
FIREFE LD & ORI 2R L7z, Table2 B LU
Figure2(b) & 0, &4 AEIATX & & (RIFIREEHY 20°CLA
T O%ETE THIRIE 2 HCREE 2 R > Tz, JefThisk
(Uchida et al., 2011) &Y, ZhiZa>r bo— X EFH
CRETH S Z ERENTWE, BRIFEEN21.9°C
DYEE, BT AMMKXE bFLBELTED, Boy
Ny T 4 I TTHR D DESHBE LTz, 28°CA DR
BETHRELILES, MiERLRE Ry T4 > 7 Cldai
LEWIEEHMBELTL R, HEZHBL THHM
Lizhrole. TbbRIFREN20CEEZ % &,
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Table 2 : Summary of observation results

%

Storage T Cell condition Cell viability . Observation of Observation of | axunum rs lative
A reat gas /0 Observation of cell growth . . . synchronized
Temp/°C after storage % cell beating beating condition beating rate/%
()
control dispersed 100+4.2 confluent whole synchronized beat periodical 100 £13.2
non treat — 60.1+22.9
Xe — grow around the cohesion 45.7+11.8
Ar — . o non periodical 76.1423.7
strongly aggregated beatlggh\évglit::ln the (fibrillation,
35.0 Kr - grow widely around ) intermittently) 412+22.1
He — the cohesion 35.1+21.4
N, — grow around the cohesion 65.2+22.7
N/O (50) dispersed 59.4+45 Smilll(l) ag(;il;gte}? e no beat none 0
non treat — 61.0+21.8
Xe — . s non periodical 67.8£22.2
strongly aggregated grow around the cohesion beatlggh\gslit(};;ln the (fibrillation, "
28.2 Ar — intermittently) 60.3+22.3
N, — 55.4£19.0
. . small adherence, partly autonomic
N/O (50) dispersed 63.0+5.0 little growth heating none 0
non treat 77.4+10.7 81.5+25.6
Xe 725+7.3 n?n Deri,odicil 795+11.0
Ar 69.7210.7 . beating within the (clongation 0 872109
relatively aggregated grow widely around cohesion, then whole fnterva
219 N, 70.4+6.4 the cohesion SOl 80.4+17.3
. synchronized beat
non periodical
Air 65.0£4.0 (fibrillation, 66.1+16.5
intermittently)
N/O (50) dispersed 68.5+7.5 little growth locally synchronized beat | locally periodical 34.4+41.3
non treat 83.9+12.1 90.3+13.0
Xe 781+14 84.2+2.2
Ar 72.7£1.6 confluent i o 90.6+3.1
N 0545 whole synchronized beat periodical 042173
2 .0+4. A4+17.
N/O (5) 82.7£0.8 60.1
19.2 Air dispersed 81.8+0.4 confluent, but slowly 76.4
N/O (50) 71.5+£35 Wlde]y;‘?;ﬁﬁgﬂ?"‘t not locally synchronized beat | locally periodical 49.2+31.3
CH, 75.7£1.7 84
C,H, 74.6+1.3 confluent whole synchronized beat periodical 107
C,Hg 72.0£2.3 79
non treat 88.515.5 101.9+124
Xe 85.3£6.0 102.7£5.1
Ar 80.9+2.0 confluent whole synchronized beat periodical 101+5.9
9.4 N, dispersed 90.8+8.8 97.4+2.1
Air 92.3+3.9 86
N/O (50) 75.4+2.2 W'dely;%rf?ﬁgn];m not locally synchronized beta | locally periodical 75.9+2.1

AR OEB 2 1 L S STREEZHRO TL %
S bhol. BEOEENERIZEENZ Ln
S, REFRESEWIZ EERBICER L Tz t IS
% . Table2 ICbRTEY, N5 OFERIZT S EHIIIE
FERIFE L 72 FEMEE X OfE R (Figure 2 (a): Uchida et al.,
2011) &—EL7-. 2L N/O (50) # AEMXT
X, £ COREHFHTHBIREE R > T/ (Figure 2
().

RERTROMBOETEREF|RL I, M7
NV—Hetaiz X 2 Bl 21T 5 /2. Figure 3 121k Xe, Ar,
N,, N/O (50) O # AHIIRKIC BT 2 MifadFR (£
FHIFOECE /M BUEE) OREKREE 2R L.
ZZT100%1Ea > b a—VXOEFZE (Uchida et al.,
2011) 2T, E72T7—F ORI N TV 28°CLLE
DFEHC DWW T, BENICEEL TL & > TWTAEREER
OFHHIMAREETH o7 2 L 2R T. ZOM»LbMS E
BY, 2FRMNICERIE EEFEENMET T 2 EHAS A S

i, ZOMEMIIIENIEX (Uchida et al., 2011) EHE
wEBR SN IroT. N/O (50) 7 AHIIXIZ DWW T
X, RERFEEEEEMCRCIED, EFEEEEITVWT
NOWE T H MO A AFPIX K CFFLBX LD K 2
ENbols. FHWCMOEHTIIEELTL £o7
20CUAEORFARESRET T, M5 #L Tws 2
ERbirolz. 7219 2°CHRAEX TOMBAEFED O,
BEMREMES, N,, N/O (5), Air, 8L U N/O (50) D
B AHMX Z LB L THFNIE 25, 0, BENE S
RBEEZONTEADL TWwE Z Enbhrol (Figure
4).

3.2 Normality of beating properties of

preserved cells

RN Z 0 7o MEREE D ¥ A — ¥ 2 BRI R
b 5720, BERTHEY x VICHEE L 72 i 2 A B
ST TT HEERL, MldoEE - (R L UHErRN
DEALEBIZE LTz, Mld0EE - HEREIC DOV TIE,
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T<20°C T=22°C T>28°C

(a)

(b)

Figure 2 . Microscopic observations of dispersed cells just after the 72-hours preservation at 9.4°C
(left column), 21.9°C (middle column), and 35.0°C (right column), respectively, under (a) non-gas

adding, (b) 0.5MPa Xe adding, and (c) 0.5MPa N/O (50) adding samples. Each scale bar indicates
200pm.

100

80

Cell Viability / %

60

50 - : : : : :
5 10 15 20 25 30 35

Preservation Temperature / °C

Figure 3 : Viability of preserved cells under non-gas adding (thick solid line
with circles), 0.5 MPa Xe adding (thick dashed line with solid squares), 0.5 MPa
Ar adding (thin dashed line with solid triangles), 0.5 MPa N, adding (thin dotted
line with solid squares) and 0.5 MPa N/O (50) adding (thin dashed line with solid
diamonds). Each error bar indicates the standard deviation of 8 measurements
in each sample. The preservation samples at 28.2°C and 35.0°C were impossible
to measure the viability due to the tight aggregation.
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120

8 ) — #, N H %

Cell viability /%

100 -
80 -
60 -
40 -
20 -
0 -

non- 0
treat

5 20

50

Oxygen content /%

Figure 4 : Viability of preserved cells at 19.2°C under 0.5 MPa pressurized-gases

containing various O, concentrations

Figure 512 (a) FEALEEIX, (b) Xe Z ZAHIMKX, B &
U (c) N/O (50) # AFIMXIZBWT, B4 4 HHDBE
WEEBERERFEEDE VL L IR L.

Table 2 8 & ' Figure5(b) & V, Xe # AHIKX T
1%, BEER D BOIRAETS 5 72 20°CUL T D R St T
OMIfaE, HifER T WS - MEE2 I U BEmE %
BAtE L7z, BB HEERT 2 L e b cifdic kY =
WVIEHE S EHERIIML , HEXpHE T 2 0k & [H
WILIR D 1z . BEEefiiatt 2 ~ 3 HCIiIZamhsfiiacE
WR & (ary 7y MREE), B BgEpe

RIS 5 L 5wk oz, fT%E (Uchida et al,
2011) XV, ZhiFaryre—vRERURETHS
EWRENT WS, BE22.9COEMTCHRES N
ML b, 1ZIZ20CUA T ORETRESI NI b D L [FR
Tholed, 28CU DM TREFES NIZRRITIE, &
LMz b onEE L, TORE» 54 Uil
PEEST 2FOBHIS . FREEAKSERET 2
&, Mo —H s EEE T 2 b B S . Lr
L % OISR 3 ik 3, S M iciE L <
Wiz, ZOZE»S, RAFHRHCEE L il 0% <

22°C T>28°C

Figure 5 . Microscopic observations of preserved cells after 4-days cultivation under physiological
conditions (37°C, 1009 humidity and 0.1 MPa air including 5% CQO,). Each sample is the same as
shown in Figure 2. Each scale bar indicates 200 xm.



prEZoNT.
i3 0, EH A AHIIX A DD 47 A ETINX & b E PR
WL TBY, s EHE TR U 72 IR X OfE R

Bl _RTHS 2B W TH - 7.
FoORFRE T, MigobhTHEITAETIIR SN
7eHy, ¥R 7 H £ CORICHIZHIF 2R TR % 8

2 AETE T O Ll Rz

BIEL Tw b EBbNI-DOED, Dk & bl
O —IEFEL Tz 2 b7z,
MO - JHEIORETF I, WH OSSN & 138 3

LirLZD
YOTHY, LEFMIOME E L Tidnrk el Tw

Table2 2RI @ED, ZhoDFER

(Figure 5(a): Uchida et al., 2011) & 3»—ZL 7.
2L N/O (50) A AEIMIR I B W TiE, ¥EH
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FReNE»roTz.
3.3 Measurements of synchronized
beating rates

MR OB OFE L LV ERIIC D 2
7z, MM EE LR 2R E, BEMB»S THE X
TIEH s i [FEmER O E g L. &3k o0
FLCay MBU 23>y b o—VvXORKREEEE T
BRALL 9 & (Figure 6), N/O (50) 4 ZAHIINKX %
PR 2 TOHFAMMXEBWT, BEMKOO~1HEIKK
FEIHAHE BRI S, 2> 7y MRE&ICK 3 £ CTH
HfEELEINL 7. 2ok, a>v7rz b
275 o T e R FHAAE A R BUsk L 7218, thR ciid
LT TR EAls . 2o HEIX, RiTise
(Uchida et al., 2011) TSN 7-FELEX OFER £ 131F
FfELRERTHY, 2> buo—vXEe bREHMEY 7
T2 E—HIFT DI ENbNE. Thbb Xe, Ar,

O,
28.2°C
120
~o==control
‘:‘ ;(F?Llii
== Xe
100 — v
===N/O(50
80 -o= N2
\ 1.“\
60 ’
T~y r'//a"!.s
P AN
40 ' ’ -\.
¢ /I 2
v
20 v p
s.a 4
Preservation Term { J/
0 et > - ¢
SRR AR RN
Days in Vitro
O,
19.2°C
120
~-=control
:?(Fﬂi!
e
100 — A
===N/O (5d)
80 =o—N2
60
40
20
PreservationTerm

Days in Vitro

Figure 6 : Daily variation of the synchronized beating rate of preserved cells (normal-
ized by the maximum rate in the control sample observed in 3-days cultivation, shown

in solid yellow line).

The cultivation of preserved cells started on day 3 but the

synchronized beating was observed after one day in culture.
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N, 4 % 0.5 MPa HINZE 4T TRIZEE 20°CLA T T 72
REHIORTF L 2ol o fn@Ehikéne s, TaREFEIhTwiz 2
EWRENT. 2 LEICA AEIIK T & (RIFIRE
MW2CLULTH-75E1E, BEICLI VI Y hu—
KEFZRZ o> ER LT, MEaEREbL LML Tni.
N/O (50) # AEIMXOFEHZ DWW TiE, RERED
VI ETRENRRLE H RN, RRIHEEUIET L, &K
HEE L 2 2 H BN 5 7% EfHEEEENE L < LU T
Wi Z EWHHS IR o, 19.2°ClC TREL 72 N,
N/O (5), Air, BX U N/O (50) O£ 4 AEINXEEHT
SWnWT, Atuy bTOay bu— VR TESNIZEKR
FIHATHENE D THIRRIL U e e KR EE 0 EE  (F
HHBEEER) 20, BEOEVICI DR LI Z
2, 0, BENRWII ERPAMAEEEREIMET T2 2 L
Wbiroiz (Figure 7).

4. Discussion

Xe, Ar, N, #" X 0.5 MPa IS T 72 B fid
DIRE 21T 5 7208, 20°CLUTF OWRE LT Tids
BORRE R IR D, (RIEFBROEFERIZ 70%2L E, R
baribue— R, RUFELERX &HEOLroTz.
21.9°CTRIFVEENR o, Zh U EDOBEE TIX
BOWEENA OGN, TOROEERFLIY bo— VX E
FLEIRBEERRsNZho7. o ORI, JE
WH R O EREE L IZIERILCThoT. bbb
Xe, Ar, N, # 0.5 MPa HIfiliL € 72 FfEIfR1FE L T b,
PREFEER 200CUL ETHNIE T A ZEHIIL o1z
H ek, MERTOBRERLES I LR TER P>
7. 2O i, OTRIEES AL RIGAET X & v
THRIECTH Tz, o T, EIEPEHE TA S NI Edy

100%]

Recovery rate of maximum synchronized-
beating-rate [control

B — # N H %

BN 2 E 9 2 SR kB R L i R s
T, VTAV—MERF A - FEERY A EZMbT T A%
FIInL C & O Efle O RFEERE O ERREE5] & B 5
EMRTERDST.

—73 N/O (50) 4 AEIMZEMT CTRAE L 7 MifdiE, 1t
DA AHMK L 13872 2 FRB/ Stz TR0, RE
P77 A QEIMERER L, SREFHAM S a2 B % R
2B ZERBEHLTEBLIDDTHo7. DN
B, BRIFHMT O SERE IEFRE 35°CE TRz h
THEY, REHRETHROEERS O, 2 DB 13/
Edolz. ZOROAMREOHK TS 2 HFEEDT| =
FFCROHE L& TH D LS. L LEE
KT HROREEREICEWT, 0, 854 AHMK Ok
34 TEEE, RIRED M & LERTHILL Tz B3
HE T 2 EMIABRZ I L Twuo /e 2 e
5, 0, BAX AHMX CRMEOEE, HEKEIXE
BTERhoZENRBEND . LRMERRE D H1L
LCWwiz. 19.2°CTHREL T O, &F 7 AFIINEER 12 B
W, [FIHENEEED O, E O E WEEHE SR T L
TwizZ ehs, MldOESE, HREEREZIIHL Tni
DiF 0, Th AR E . 5T O, &FH AN
M, REPRETF MR LOgEE 2 IH L s, 7
AzfRELIzd & bMBEOBEEREICEELERL, 20
BOEBRFRBRICB W TEL WIS EOERTZEC S
Ebhrols. IhoDEELRFRENMET TS L
WRIWCHE S 2 LS, R OWRE DSHIfIEE) =
WHT2HBOBKREVEEO—DOTH D I LEHESI N
7z, [ARFIC O, &FH 7 A DEIRIHAT O HEEkIC
Wiz s, Xe HNAZIZU®D &£ 3D 4 X DR
FIAR O K & 282 JIEL Twigr o7 2 &
&, R LI ABMBCEEL T s zbl) Tl

50

Oxygen content /%

Figure 7 : The recovery rate of maximum synchronized betating rate of preserved cells
at 19.2°C under 0.5 MPa pressurized-gases containing various O, concentrations during
7-days cultivation (normalized by the maximum rate in the control sample).
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R ENEMT N, LT, RIFEHE T OIS
BTN ATEMEEIE & A E 7% L, BELEC D AMKE
LTWBZERHS MRSz,

O, BN ADBHIIICED & 5 B R FITL Tz
MIZDWTIE, BEE TS 2Tl R, L L i
D& D R REEROFE» S, BT EIRE CBE
L7z O, oSl ER U, Mifld o EeE#aE & RIARIGH
TLEARDH L EFEZOND.

5. Conclusions

DRI O RS 2 R T 2 Eilf OB O 72
O, N ATH 2 Xe ZIEDAIEMNEA A D Ar, Kr,
He, WAtzk# A A ® CH,, C,H,, C;H,, Z&EHKST D
N,, HE#EZESR, KOO, BE%R 5%, 50%1C L - iz
K% 0.5 MPa FIfiN L 7 &4 CIREFEBR 21To72. 9~
35°COMRPESMTE D AHMNX TRTE S iz L Eiffiliaic
oW, R2IEMRFEROMOREOELZE, bV S
T—iZ & DA ER R RN £k e AR
R C 7 HRERZFE 21TV, (DB OBERE O @ H 1E
A RBIER L RIEREIE O HIE 2 &0 S FHm L 7z .

ZORER, Xe, Ar, N, F ROV T, # A %ZH
I S RE LB L 1F A LRICHER ISR, &
AEHIARARE D5 & _EFICRIRES e Z & H3HE S p
Wi ot FOMOA RICOWTH, 19.2°C, 35.0°CT
ATV, EERIEENIC— T2 2L 2D,
Zhz L, 0, &F 7 AHINX TR ok
BREZERUEOBREE THHI T 2 2 E83b o7,
ZOBOREFEFABICB W THild0ES, [HEKEICHL
MBaH S, FEMRONEIMET L.

P EOFER» S, HAHINC & D MIFORFEEIE
{ELE2 2 LSRR ENTehS, REBRDEMFDOHPIN T
FEIRIFES 212 & > TRIFRE 251 & BT 2 2 e T
W EBbrolz.
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