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Abstract

AIM: To evaluate the biological features of C3A
and L-02 hepatocytes undergoing subzero non-
freezing storage in University of Wisconsin (UW)
solution for use in bioartificial liver support sys-
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tems (BALSS).

METHODS: C3A and L-02 hepatocytes were
cultured, digested with 0.25% trypsin, prepared
into a cell suspension, adjusted to a density of 2
x 10°/mL, and stored in UW solution. After 0,
24, 48 and 72 h of hypothermic storage (-0.8 'C),
cell viability and apoptosis, LDH and AST re-
lease, and urea synthesis and albumin secretion
were measured.

RESULTS: Hypothermic storage decreased cell
viability, urea synthesis and albumin secretion,
but increased apoptosis and AST and LDH re-
lease in both C3A and L-02 hepatocytes. After
72 h of hypothermic storage, C3A hepatocytes
had higher viability (86.49% + 2.80% vs 70.17%
+2.82%, P < 0.001) and albumin secretion (2 060
mg/L + 220 mg/L vs 9.04 mg/L + 0.53 mg/L, P
< 0.001) but lower apoptosis rate (1.26% * 0.84%
vs 5.73% * 1.68%, P < 0.001), LDH and AST re-
lease (4.61 U/L £ 043 U/L vs 6.22 U/L + 0.65
U/L, P <0.001; 86.10 U/L £ 11.10 U/L vs 113.88
U/L +5.64 U/L, P < 0.001) and urea synthesis
(1.01 mmol/L % 0.14 mmol/L vs 0.60 mmol/L +
0.06 mmol/L, P < 0.001) than L-02 hepatocytes.

CONCLUSION: Both C3A and L-02 hepatocytes
could be stored for more than 72 h in UW solu-
tion. C3A hepatocytes are more probably suitable
for BALSS for management of liver failure with
hepatic encephalopathy, while L-02 hepatocytes
are more probably suitable for BALSS for man-
agement of liver failure with low albuminemia.

Key Words: Bioartificial liver support system; Sub-
zero nonfreezing; Cell apoptosis
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mia £ HE C3ALL-02%mAney Adhfabts, WhkEsTAY N HAABRGY, AR T8 M4 °C 10 C

Calligaris%¥ /A
UW:iz4 CHE& A
FFéape72 h, £
KB AR A 09 BT 4w
E- -
Fo ko F A R
[6) 4 &% 4m L % 7R
B A

A LT 2 A ARE.

Fik: WA FRC3A S L-024m A0, 0.25% M85 04
b, &% 2k, Rk R £2 X 10°/L,
SR E2 mLABE, UWi&-0.8 CHA0. 24,
487472 Wiz, o R et & 5 5 T 5
ASTELDH#ER ., kESRIAELOEEO S
Lo e,

LR M AKBARGA R R R, mnGEE
BHTT R, /272 h C3AWAERAR ST
L-024m #2,(86.49% +2.80% vs 70.17%+2.82%,
P<0.001); 2w e 8 = F Rz #r L, 1272 h
C3A % it A = FAK T L-0228 A (1.26% £ 0.84%
vs 5.73%+1.68%, P<0.001); ASTZLDH# &
A EREIE I, 41272 h C3A 4m Je Ak T L-024m it
(4.61 U/L+0.43 U/L vs 6.22 U/L£0.65 U/L,
P<0.001; 86.10 U/L+11.10 U/L vs 113.88 U/L
+5.64 U/L, P<0.001). kEARAHLETH
#y A4 4272 h L-024%8 LBA FAK T C3A %8 i
(1.01 mmol/L%0.14 mmol/L vs 0.60 mmol/L
+0.06 mmol/L, P<0.001). & & & 2k zh fL %
# 4K, 1272 h C3AZ8 R fA 248 T L-0248 46
(2.060 g/L+0.220 g/L vs 9.04 mg/L +0.53 mg/L,
P<0.001).

Zit: UWi#&-0.8 CHRAC3AS5L-0249/272 h
13 R FT VA6 R A A TIF 355 R0 E & VA
L-024a 6, A M A9 A TAF T AL .35 B THF %
3B FH AT PR %, VAC3 A%l A A Ak A TR
WA FIE R T B ARG &G i,

XEgiE: AW A T R THeS 0k ARAT

IV, FIRE, WEL, BRFT, L2, MR, SfeR, KER,
SR EUATABECIASL-02HARZE N EEKREENE
VSRR, BFRENEZRE 2010; 18(33): 3659-3564
http://www.wjgnet.com/1009-3079/18/3559.asp
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PN T HF R G (bioartificial liver support
system, BALSS) A €35 (1R Y7 FFRE T i)k
M, T T BE L ) 4N A BALSSIAZ A, FTLA
PR — b oa] 5 1 JH- 40 At OR A7 7 7%, ST
—Mready to use)/F4H i/ £ BALSSHE 1)k
Al 3R 5 I R A 28R 1 DGR TR 35, 3
IS, A0 AR VR PEARAIS, — RO 5 DR AT I ) gt
KB R AR 45 VK% (subzero nonfreezing tem-
perature, SZNFT)/&$50 ‘C MK 55 2 ] [
FESGFE, ) A A e 2 5 A1 [) IR 38 4 < UK it T

IR AR, CIALN A& P AR = 20 AL
TN, B s E bR R L WS T Re, LA
C3ATE N LEYIMA B ARSI 4t B 3% B (extracor-
poreal liver-assist device, ELAD) &%t L& 3 AT
SR PRGREE . L-0240 Hi /2 [ 4 R 2 1) — ik 2B
PRI 40 bk, Lo WA G . AR e R 3
THERAEDIRE, OA % # AT BAL S ST LAl
WY A R C3A HL-02 40 i % T A S5 Uk ARAT
J 40 3y B AR 4K K 4N T 2 S AN B A A
I, ATHUWIHE (UK -1 1C)-0.8 CTIRAFC3A S
L-02H- 4 i, DAL AR PR A7 5 C3A S5 L-0241 i
() LE ) 25 P S LB ALSS Y. FH AT v 8.

1 #RRTE

1.1 M4 C3AF4IIERR(ATCC, ), L-027k 4
A0 40 R (B2 22 B B ); DMEM/F-125%
FHE MG ML (FBS). 75 % R/ 5 505
(100 X)) 0.25%]JEEF S PBSZZ i (Invitrogen,
2 [H); UWi(Bristol-Myers Squibb); 50 mL157F
M~ 2 mLIEAFE X 6FLEFFEMR (Costar Corning);
A (Sigma); NHHEHELISAIRK & (R&D,
F[H), Mode1450 %! i b X (Bio-Rad, 3[H); CK2
TR 'E B35S (Olympus, HAY); Annexin V-FITC
PR S (st HL L), DXC800% 4 F 54
WA K FACScan! i A 4l A (Beckman coul-
ter, JE[H); MIR-151 704 e v fio P 4 R ek 1 7 4R
[(-10 T%60 ‘C)+0.1 C]MCO-175% — &1k
R FRAR(SANY O, HA); WE/R B BEM ALk AX
[(-100 ‘CZ120 C)+0.1 C]. B TG LR
BT R S TR A D).

12 Fik

1.2.1528: 528653240, C3IANT 4N B4 RIL-02 /T 41
J 2.

1.2.2 k&M 1 mLAR/KECEUWR)E T2
mLVRAFE T, R REIh S v R A A VR (e
G 55 REREA), SRR ARAF A B T-10 CREEAK
HERETEAN, B minid JVRIREE AL, 250
TR 128 (-10 "C 4210 C).

1.2.3 a3 i A H & BT LB 32 000
DMEM/F-12, N INEF%: 10 kU/L, BiF%: 10
g/L, 100 mL/L FBS. 1-37 ‘C, 50 mL/L CO,, 100%
MR FRAE W EE IR, A BERKI S, 0.25% B Y
1k, 8 AN R, 4 M TSR K, B okt
YUK FE I A2 X 10°/L, 4325 482 mLIEA7E & .
1.2.4 IKBARA B IR AT W RS IR E el
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= 1 RE T AREREFHEICIAMIRSL-024BIB7EE. ATRIILER (%) L GEE T
AL B RAUWER

4 3
4548 BREEER

BRATE

Oh 24 h 48 h

72h Oh 24 h 48h 72h

C3AZBiRZE 95.26+0.45 94.23+0.74 90.24 + 1.48 86.49+2.80 0.70+0.18 0.81+0.21

1.05+0.57 1.26+0.84

L-0240fRZH 86.95 + 1.43 84.53+1.38 82.00+1.57 70.17+2.82 1.73+0.20 3.22+1.24 453+083 5.73+1.68

HE 15.61
PE <0.001

17.07
<0.001

10.06
<0.001

10.76
<0.001

10.31
<0.001

5.46
<0.001

9.32
<0.001

6.59
<0.001

® 2 (BB TFRNDRENECIAMIESL-02/RIEFEMLDH, ASTHILLER

458 LDHFERU/L) ASTEERUU/L)
0h 24 h 48 h 72h Oh 24 h 48 h 72 h
C3AHIEH 30.59+6.24 43.26+4.23 61.39+985 86.10+11.10 3.26+0.37 3.44+0.31 4.04+0.35 4.61+0.43

L-0240i8%H 49.52+5.57 53.97+4.50 84.80+6.84 113.88+5.64
Ha 5.87 4.02 4.97 5.57
<0.001

PE <0.001 0.008 <0.001

3.83+048 538+1.156 5.85+090 6.22+0.65
2.52 4.61 5.22 5.60
0.030 <0.001 <0.001 <0.001

xR 3 RETANERENRECIAMIIRSL-02IBRESR L (mmol/L)

axi| 0h 24 h 48 h 72h
C3A/BIRAH 1.07 +0.05 0.99+0.11 0.88+0.10 0.60 +0.06
L-024BFH 2.63+0.46 2.02 +0.44 1.58+0.24 1.01+0.14
HE 9.12 5.66 6.78 7.34

PIE <0.001 <0.001 <0.001 <0.001

UW, 15470, 24, 48272 higRHHH6 M bR AR,
JBN37 CKHH Z1-2 min. 2B UWIRE
e B FR2 mL, F5FRA N 55730 min.
1.2.5 RiEJE bR e : B mLA0 i, sl
mL 74 mmol/LS A B 5 F2 M M 6 FLE i, 5
FERE N RS FE24 hig, B, 2 000 r/min, 250520
min, J5%E R ZMIKEE. AST. LDHM A FAEE
B, 591 mLgI R, 1000 r/min, 25022 min,
DUTE A0 9 = A0 A3 e o 0 A PR 9
T3 RAET 3,

Bt 24038 RHISPSS13.040 04 fk. i &
FR imean+SDK . BHAIAEAS Y B b s R
SEABEAUREA ARG, LAP<0.050 22 547 7 L.

2 B8

2.1 A& T R BB BF 1Al C3A 20 L 5 L-024m L5
EEL AT F R B TR AT I R R I,
MM A BN S, MRE TR R EHE
e, ARIELRAET2 h, 40 HRAETE 35548 hiH T FE.
R, &I TR R C3AGH A7 35 2 3 s T-L-0241
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M, C3IAZH ML T2 5% T L-0240 e (39P<0.01,
1, K.

2.2 KB F R AR A BT [ C3A 20 it 55 L-024m 45
HALDH. AST#) i BA AL T RA7 I ] (1) 4E
K, SNV R AST. LDHE iR R E
TS R, &I A SC3AZH R L DH.
ASTHIK T-L-0240 e (F2P<0.05, 2).

2.3 &% T R R 4R A BY 18] C3A 2m it 5 L-02 2m fiel
FAHR. OF G ukeh e BRI AE IR R )
FEKC, 40 i Dy e (1) PR 35 i 1R A 4y ik
SRR I TR A L-0240 B 1) K 25 A5 T
RE ] A T-C3A4 i, 1y 1 85 0 WA DI BEC3A
1 W AT L-02(3K3, 4).

317E

BALSSZACHE M, 40 M4k 26 200 2L AT I
K5 DhREAN, I 7 ECR AT A, BRZ10° 5K
AT IR R S R T AR K 4 P %
W TR, RG0SR IR AR 77 80 A
W RIRIN T, B IT/ER K. S, 3

KT ELRKEH
C3ALL-024F 2
o, SFrAR T AR
H#AJEC3A5L-02
am M0 2 3 A
& L BALSS B
JAAT ey b,
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iR EE A 10°4 B 10°
- " _ B1 B2 B1 B2
b ¥ ?ﬁi & 71; 4{ ;1 0.5% 3.2% 6.2% 4.9%
FARIR R 5 Fe
FHARBARS, 2 2 2
— A AT A 104 10
09 B e R AKGR —
BEFR. BT & Lo & Lo
3F 45 AR AR A L-02 ] 7
w5 C3A % fE
72 hA% K T ki , B3 B4 .
RBALSS# & 107 0.6% 10
SRR A &N
BLASS# s & & r.
ME PR E. = T 1 T T ]
ey 100 100 102 10° 100 100 102 10°
Annexin-FITC Annexin-FITC
C 10° D 10’
B1 B2 B1 B2
0.4% 4.3% 7.0% 5.1%
10% 10%
& o =
10' 10'4 :
B4 . ) B4
1.0% - 10° 2.7%.::
=T T 1 B - T 1
10° 10 10° 10° 10° 10 10° 10°
Annexin-FITC Annexin-FITC
E 10°- F 10°-
B1 B2 B1 B2
4.0% 5.0% 4.8% 7.8%
107 107
& & &
10*4 10* :
B4 - .
0.8% 10
10° 10 10° 10° 10 10° 10°
Annexin-FITC Annexin-FITC
G 10° H 10°-
B1 B2 B1 B2
5.4% 7.1% 6.2% 18.1%
1071 1024
o o
104 10'4
B
10° 10°
: T 1 - T 1
10° 10 10° 10° 10° 10 10° 10°

Annexin-FITC

Annexin-FITC

B 1 RN ERE TARERENEMNECIASL-02ERMIREER, ATE. A, C, E, G: C3AZHH0. 24, 48172 h;
B, D, F, H: L—024{}/f10, 24, 48%1172 h. Annexin V—FITC/PDWZY, F154 M RBREVE . B1: (An—PI+) EmB B AR rRiR
A2, B2: (An+PI+)FoREEERET 8 ESET-4T0E; B3: (An—PI-)FRoRIEFH AT, B4: (An+PI-)FRon FHAET - 2mi.

v U 4R M 20 22 A AR T PR R B DRI gR
B R A T A AR R A TV, ST —

A(ready to use) 4 M, nT LLSCIRIT-40 i 2 Ik
FEAREE TR IR 1, 32 J0 1 P SR A5 K 8 JH- 4
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W@ R
st T M A G R
S48 0h 24h 48h 72h R A6 L 4
B B — %8
C3ABfR4A(g/L) 2.41+0.26 2.29+0.24 2.16+0.19 2.06+0.22 Sz L
L-02ZBf8%E(mg/L)  11.90+0.39 10.78 +0.53 9.85+0.56 9.04 +0.53
HE 54.48 40.33 36.84 33.72
PE <0.001 <0.001 <0.001 <0.001

(IR 7 1), AR AR A7 2 B -G T LA AE 2% 40
ARG e | BEL L4 M B A v AA T K e TR R
AL M. S RAT I v T 2 A7 3 e T S KA IR
TRAFIN 0], VF 22 2538 0 2 R R AL R REAT T
WA, AHE “ANfMiKa” « “BiEHks”
SEVRARIR VR A7 TR TG R B . 4 °C o AR
TRATF 40 148 hJ 4 M A7 7% 2 0 W B, DRl
50 U UG AT AN A PR AF B R SZNF T
TRAF. AR BVK S SSZNEFTAAY, b 7
G PR AT L TR oK B e, FRATHU W T
-0.8 CAKMRRAFCIALN L, &1 %4 CHR
-0.8 ‘CHJ [ £160 min).

BALS ST HH 41 J 1R 5 28 4 1 A 73 136
R B L AR 40 e FEAR, A AR 4R
PR R GAT B A K5 7 g 398 DR e <5 17 4 LA
1EABALSSHA0 AR ARG A —
(R BEGE P, RIL A BGRA, DhREA e, JF
I T AR B 2 1) 0 X L) v I Y. AT 4 P
BALSSEUAH 40, 55 40 i A7 1 o 7%
HE R B Sl ik g oz A B B AR Ak A=
0T 40 P T AT 25k e il Fok i A 2, LA
M EHFBALSS & H AT 44 . C3AZ—Fl
R 7K AR AR IR 40 B, LA R e 1) S e
A0 Ry S Th g, Wnr i ALB, 5 IR E A
B IEA CAE L-02 T 40 B P A I A
JFF 40 B A 2 1) — i A= A0 BT 40 i bk, L 4% 3
T BR Roruh (B A AR DR, BB H AR AR
SETN D, FeA 148 C3AGH i RTL-02 40 i 33647
FEHFSY.

0 0 B e 240 P P 40 I s e e e
SR AN Th e E 2 N R, AT 1H Annexin
V-FITC/PIX Gy, A% ot 2 40 i A0l o 41 il
A745 R T2 R B, BB L R A7 BN 1] 7 2 K,
C3AZ L5 L-0240 JAF3G 2 52 T B ads, (A
T I A) ALC3 AL AL 14735 2 i TL-0241 i, mT /g
JECIAZR =y A e 4 e, e AT B3 495 1 i 52 1
ST L-024H . JV5E AN A7 15 R B fRE N B A8 T
[, (H/ZESZNFT F{RA772 hJii C3A M L-0241 i )
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TR R WM I5 586.49% +2.80%H170.17% +
2.82%, 38R AT LA 2 2B N T I 7 22

1E B ALSSA Y BHA A 5 55 1) I 40 i,
I3 L 25 A P JH 0 i 2 B ok T e (A B B A S
By M VR 140 W A R EE T e AR ORAT X AN
[Fi) e T 440 o B 0 R R B 1 B 1 A TR
Wi A AN CalligarisZE" HHUWMR4 “CARA7 B,
JHEM 72 b, IR ORAT 1) 40 it 22 R T Bk e
J3 R PR 25 A BCRE T [0 40 i G o et 2 . R
TTH-0.8 CLRAFCIALH i JZL-0241 i, FLad 5L
B RE 7 S 1R F 0 T B P ] 4 52 T Bt 3,
Al g R A NIR K A A LA OGRS R
A TEA, TR AR B4l AR LE, & T BMRIR
T3 A M 4547

M2, L-0240 i 5 C3A LN M 2 LR i 1
BALSS4IfiAF Kl UWi-0.8 CH-A7FL-0241 i
HC3AAMu72 4R w] LA L BALSSIF 5 L.
PAL-024 ifd b 44 L B AL S S 7] fig 538 F T+ T
Ty fit S8 v O S PR A3, LAC3 AN Bk #4 kL)
BALSS 5 - 2 B8 32 8 & F A (1 B 1 IfUAE.
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PR, ARFR. U R AT R (Helicobacter pylori, H.pylorr), llex pubescens Hook, et Arn.var.glaber Chang(fiy %%
TIRIREER); WK, — S22 15 (WA AR S, Y8 imean, FriEZESD, FEYSG, Al 30 FIREZRP, AHC R H); 2
LRI IR T3 BERTERI RS (N, O, P, S, d, I)iln-(normal, 1IF), N-(nitrogen, %), o-(ortho, 4),
O-(oxygen, %, JWATF), d-(dextro, 47JiE), p-(para, %), #l Win-butyl acetate(FHHR IE 1 ER), N-methylacetanilide(N-
B 3L Z WA %), o-cresol(48 FY), 3-O-methyl-adrenaline(3-O- & ¥ I I# %), d-amphetamine(47 HE 454 %),
[-dopa(/JiE% 1), p-aminosalicylic acid(¥ @ IE/KMIR). Hi | 5 K 4i Sin vitro, in vivo, in situ; 1bid, et al, po, vs;
MNP BHR LR, Wm (FR), VIR, FOD, pUk ), W), vEER), QGAR), E(HI %), S(Tf
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B, mol/L), (FR 434, mL/L), w541, mg/g), b(FTEFE/RIRIE, mol/g), /(K HE), b(5E ), A(F1E), AR 1),
R(CEAR), D(HAR), Taxs Conaes VA, Ty CIAE. FEFF 5305 /NG RME, Wlras, c-mye; T YIRS IEAE, WiP16
HH.
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