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Shanghai-mutil-organ solution in preservation of rat liver: an experimental study
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Transplantation, Changzheng Hospital, Second Military Medical University, Organ Transplantation Institute of PLA, Shanghai
200003, China; 2. Department of Pharmacy, Changzheng Hospital, Second Military Medical University)

[ABSTRACT] Objective: To observe the preservative effect of Shanghai-mutil-organ (SMO) solution on rat liver and to assess
the feasibility of SMO solution in preserving isolated human livers. Methods: SD rats were randomly divided into 3 groups
according to the preservation solutions; SMO group, UW ( University of Wisconsin Solution) group, and HTK
(Histidinetryptophan-ketoglutarate solution) group. The simple cold storage liver model was established with isolated rat liver
and the liver samples from each group were preserved with the 3 solutions for 8 h,16 h, 24 h and 36 h. The energy metabolism
was analyzed in all the samples and the morphological changes and hepatocytes apoptosis were observed after different
preservation periods. Results: The liver tissue contents of ATP,TAN, and AEC in SMO group were significantly higher than
those in HTK group at 16 h, 24 h, and 36 h (P<C0. 05); the contents in SMO group were similar to those in UW group.
Histological examination showed that the tissue damage in SMO group was milder than that in HTK group; the damages in
SMO group and UW group were similar except that the swelling of cells in SMO group was severer than that in UW group.
Apoptosis index in SMO group was lower than that in HTK group at 24 h and 36 h(P<C 0. 05); there was no significant
difference in apoptosis index between SMO group and UW group. Conclusion;: SMO solution has a similar preservative effect on
rat liver to that of UW solution, only with more severe cell swelling than the latter. The effect of SMO solution is better than
that of HTK solution.
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1.1 S o mBaXA kR R A % SD
KB A E ZFEERFLR Y PO, KT
250~300 g. MfE AN BR . BEHL 53 S SMO W) AR A7 41
(SMO 41 . UW AR (UW J4l) f1 HTK ¥
PRAFAH (HTK W4l , 41 24 H B2 KRR 3 &
WA A7 B S ) IF ] (8 .16 .24 .36 W) FE3 43l 4 A
WA (n=6) , 7 B KT 5 bR, HPLC 2% —
BEMR R 1T CATP) . Z— 8% MR IR 17 CADP) | Mf 17 iR
(AMP) 4RI H Sigma 23 7 5 AgilentC 180DS’ J% [
B35 A Agilent1100 BUb 22 TAE RS H Agilem 2y
A, TUNEL &40 08 T30 & MR HEE K W A ™
SR AE YA F . UW R HTK W3 [ 3
Bristol-Myers Squibb 22 . SMO ¥ i A< B¢ 24 27 35 il
L EC ] A DR AF R U R 1,

% 1 UW._HTK.SMO RE&KEH

Tab 1 Components of UW, HTK and SMO solution
Components uw HTK SMO

Mannitol(pp/g « L™ - 30 12.5
Lactobionic acid(¢g/mmol « L™1) 100
Hydroxyethyl starch(ps/g « L™1) 50
Raffinose(cg/mmol « L™1) 30 -
Histidine(¢cg/mmol « L™1) - 180 150
Histidine hydrochloride(cy/mmol « L™1) - 18 15
H.PO,  /HPO,?~ 25
OH™ (cg/mmol « L™1) - -
Na*t (¢p/mmol « L™1) 25-30 15 80
K" (¢p/mmol « L™ 1) 125-130 10 10
Mg?" (eg/mmol « L™1) 5 4 5
Ca’* (cp/mmol « L™1) 0.015
Cl™ (¢p/mmol « L™ - 50 -
SO4% (cp/mmol « L™1) 5 5
Glutathion(cg/mmol « L™1) 3
Allopurinol(¢p/mmol « L™ 1) 1 - -
Adenosine(cp/mmol « L71) 5 5
A-ketoglutarate(cp/mmol « L™ 1) - 1
Ryptophan(cp/mmol « L™1) - 2 2
Citrate(cy/mmol « L) - - 55
Xylite(on/g * L1 - - 3.25
Arginine(cp/mmol « L™1) - - 2
pH 7.40 7.20  7.30
Osmotic pressure(cp/mmol « L) 320 310 380

1.2 KRABKRFBELLKBRABEAGHE K
BRI 85 7 A R 1) i 45 2 BROSCHR Y R AT R R
B 12 h E S 3% E 281 (30 mg/ kg IR
) R AP EM e . O+ DI A g,
Wi e 22 N IE L & F I #R KA 25 U/ml &R A&
FRERIK 2 ml, 4325 U1 W E ] B0t i ) D
BT K AR AE AU BT R ER K EFR T 1 em
Ab D) I JE IR A I 1) JHG O g A O L L 1) R K B A
58 . FEA7 B 7 LU R B K, 20T bk
AR ALRETE 4°C MARAFI, LA 5 ml/min B AT
JHF R AV, 8 78 30 min 2 FIEAR O + B €4, SR 5 B I
Wk R B IRl — V) F JEF 4 CRAF TR .
1.3 BARAIEAZRE ST Rayn 2 Fl P
T R R CRR 1 AR AR T AS ] A A7 ) 4 41
H1ATP, ADP, AMP & &t if 5 ® /2 iR 17 & i
(TAN) #1 Atkinson fg fif C(AEC), TAN = ATP +
ADP+AMP,AEC= (ATP+0. 5ADP)/TAN,

1.4 BARAFIEALERF S FNE

4.1 t&EAE BUFHHAEZL 1.0 cmX0.5
em X 0.5 ecm A 20 5 TR A 10 %6 B 1% %5 W
W E L E L B K B W] A S U R A H-E B
@ OU B E I AT IR TR,

4.2 wHEWE  FEWR ESFAZ BRI 5
YI2 1 mm?/NEe, S BRI 396 1 — i v [l e, &
1% YA HE A 5 L B0 B S BEME 7K . EPONS12 M A M
EEA, B L B R AR s AT
75 5 HL B LB

1.5 TUNEL & MmpeA=HL AR U
pm) BRI K AL L B R h 2% vl (PBS) PR R
F i K(20 mg/L, Tris-HCl # ¥ 4 10 mmol/L,pH
8.0)37°CiH4k 30 min; PBS #£%.3 g/L 1 H,O, H
B & M, = | T & 30 min; PBS ¥ %, A
TUNEL KR # 50 11,37°C 30 min; PBS ¥6¥ . A
5455 POD 50 41,37°C 30 min; PBS %%, DAB &
6,5 min; ZZ WK PE U, I8 AR & Y Bk B H &
LGSR VLSS, A1 B A A R UKL T A
ML, BB R R 100 585 F 8k 10 SR, 3T
B TR CAD RIAE 100 A4 A 08 T 40 i e o L
i,

1.6 %itsa®  HH SAS Gt a8,
Bl R x5 FoR A RAT R R I 22007,
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ATP.TAN K AEC ¥JZ Wi %MK, HTK & 41 7 ¥
B, A*-1F 16.24.36 h, SMO W4 T4 41 ATP.

TAN K AEC ¥Hl B & TR & HTK W4 (P <
0.05), 1 5 R 5 UW 34106 i 3% 22 591 .
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Tab 2 Contents of energy substances in hepatic tissues in different solutions

(n=6,r=%s)
Group Storage Contents of cncrgy()rng,/;imol cghH
periods ATP ADP4 AMP~ TAN AEC
HTK 8 h 6.58+0.79 4,85+0.58 4.18+0.43 16.15+2. 41 0.60+0.08
16 h 4. 08+0. 40 4.12+0. 48 5.37+0.45 14.47+1.91" 0.42+0.06"
24 h 3.03+0. 31 3.84+0. 34 4,9840.53 12.38+1.67" 0.24+0.03"
36 h 2.384+0.41 2.41+0. 34 5.03+0.73 10.08+1.36" 0.18+0.04"
Uw 8 h 6.81+0. 80 4.83+£0. 60 4.13+0. 38 16.83+2.06 0.61£0.08
16 h 4,96+0.72 4,19+0. 64 6.17+0.79 15.37+1.98 0.54-+0. 06
24 h 4,06+0. 38 4,14+0. 50 5.45+0. 48 14.91+2.01 0.45+0. 05
36 h 3.06+0.29 3.9440. 30 5.66+0.63 11.27+£1.72 0.38+0.03
SMO 8 h 6.57+0. 82 4,84+0.61 4.24+0.49 16.76+2, 42 0.61+0.07
16 h 4,81+0.53 4,0840. 54 6.09+0. 89 15.31+2.23 0.5840.05
24 h 3.54+0. 39 3.7940. 40 5.8840.73 14.67+1.87 0.4540. 04
36 h 3.08+0. 32 3.87+0.33 5.58+0. 69 12.57+1.42 0.44+0.03

* P<C0. 05 vs SMO or UW group; 2 : The data of ADP and AMP were not compared between 3 groups

2.2 HBARNBERRXAFARHELEHAY A
2.2.1 RHEMEER R1F 8 h KA MMIELE
FEAIE R A7 16 b B0 M b B | A M A8 1 L i
FE (] AE A, A8 A 3 R0 9 LN TR L O B ICAE 1Y A
ARIRFE BRI 5 2 B 55 52 JR ke 8 L HE I K
TRAF 36 h AT UL JHF 200 i ik i | A R R NS L n =
SRR FE AL M IR BT 3 2 L BT 52 8 1 B f L L DL e £
T 45 0 T Al . PR AF 16,2436 h, SMO ¥ .
UW & 2H JH- 248 i 460 £ 72 22 ) 3 5 7 () B 050 HTK )
2H 5 SMO W 20 B 248 e ek Jik ¢ [ I 6] 6 U'W ¥ 26 3
WA A T RMAEAR 5, R 1,

2.2.2 WHEMELER R1F 8 h KA AWML S
FEACIE B 20 M 7 P 0 B, OB AR L PN I B B 41 R
BRI 5 RAF I R L 16 h 5, Bl & B ) 2E K
2 2R 240 B A3 n e, B A SR I Sy A R i ik

D) 1T 2 T S A7 ANl T N1 10 B 237 /A
DL A AR T PN R AL v A R ST I M
5 AN QRS Wl T QN S [ QN S A R
BIEERHW., A 16.24.36 h, [ —Bf 8] 5 F,
SMO W . UW WAH 5 N RIMHEA 3, HTK A
PAOIAHXTE TR A . LA 2,

2.3 ARSI B KK R 008 AN YR
5 20 TR IUE 20 A 240 HE B0 YR TR B R A T ) SE
8 T 40 2 T 34 22, HL O T A0 R 2 Ay A AR /N R R
R IR ] o J ] L) JHF 55 PN B 4t i (SEC) i 4
JitL ARAF 24,36 h, [RIE £ SMO . UW 410 - 40
fiF HTK W4l (B 3), /A7 16 h &40 Al &
WFEXERRAE 24.36 h .SMO K4 AT W] BAK T A
Bf 5 HTK W 4H (P<<0. 05) , & TR A 5 UW 4,
HEXEEZESF G,

R 3 ARREFERXT TR AL B0

Tab 3 Changes of apoptosis index of liver cells in different solutions

(n=6,7=%s)
Storage periods
Group
8 h 24 h 36 h
HTK 0.1240.07 0.1940. 11 0.32£0.14" 0.5840.12~
Uuw 0.08+0.03 0.1140.04 0.1340.05 0.184+0.08
SMO 0.094+0. 06 0.15+0.08 0.17+0.13 0.23%+0.09

* P<20. 05 vs SMO or UW group
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Bl 1 HTK & W W & B MO & CRF 24 h KRFHEARFEETL
Fig 1 Histological changes of rat liver tissues after 24 h-cold storage in HTK solution A" %
UW solution B" $ind SMO solution " H-E$X 200" "

Arrow indicating focal necrosis

2 HTK & W"HW & B MO & C1R7F 24 h KR AP ARBMEHTR
Fig 2 Ultrastructural changes of rat liver cells after 24 h-cold storage in HTK solution "A" 35
UW solution B"S%nd SMO solution "X 10 000"

Arrow indicating mitochondrion

B 3 HTK & W HW & B"#8MO & C"R7F 24 h KR EA A THER
Fig 3 Apoptosis of liver cells after 24 h-cold storage in HTK solution A" %
UW solution B" %nd SMO solution X" " Haematoxylin$< 100" *

Arrow indicating apoptosis
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LR L 9/ PRI TR R A 5 00 4 LK e B 1 44 L R
A 5 B 1k T T AR A s R v A0 G TR) B R ik 5 B AR 4R E P
LA, UL TE P E T R b SRR A e R R 1k
GYRIEY) . HEGE 8 E R AR A UW )
M HTK W, UW B B i —fh K iz
B E IR B AT AR A — LB B . o B 1 52 e R
THEVE R s AR AT L T (ol = 00 O O AU UL AR AT
MI25%), HTK WA FH A 200 22 phoit , DL 65 2R Fil o
) P36 R A Sy 240 L 58 2 2 3R] 0 B B IS ) 119 B ST L A
3 5 Sy TR B A AR IR R AE B LA R K S O F
HTK WAF IR AE 8RS UW A4, [ HTK
VRN IR Y VE R UW WA 2 4%, 3 v i Ja) SE
K FLK B TR A T R AR I R AR

SMO WA TE 2 140 81 UW i HTK W BC 7
FOSERE [ 456 T 4 B O AR ST B 1 R L T Ak R
R P A S R A VR B Y L 28 A2 TR D i A%
B, X A B A AR A E B B A AR
5 UW WA HTK WAH H, ol i 2 A 4% . (1) 2
R 32 & HEVE M » LA AR B AR AR M g R AW D
1) 2 2 38 35 G 40 R A0 a4 B K g, BE R 2 T IR
() 3 38 325 1 B A7 . G 40 MG K L SR AIR T IR AR
JE L I HACHE BRI 78 AN R IR 5 220 0 B L RE A
COUSINNEAG O NS G 7853 A 5 1] 755 W8 1Y) 4
LR AP AR T 5 (3) 1o T ) A TR 66 - 4 1R 22 ol XoF AR %
HTK & H 241 22 R 45 2 21 24 R . 2% vh i J) I Wb 149 5
TR O R AE 2 A b PR A S R 1 pHL (B (4) Bl
UW W KK Na© 4k, A7 & 4B 3 (5) Bk
UW W& 55 R il e 15 5800 L i 8 K b (B 0
AU, DL 2 R AR Sy A0 M B RS e ) IR B
HTK W H L-AE &R

SMO TR LR sk ik A EE W E L, K
B A AT R R A 0 v L LA R T 2 R S R
A7 LA A I 38 W A R R T S A R S 0 IR G D
A s IF RS A 2 B v IR R S R K iE A I
TEIA L 5y 175 AR Hp ot Bk R A5 L AR5 2 B A1 X ]
U725 % T B R B AL A R T R At 4 AR Y
A5 TR A 77 ) JC B 5 o (] o G EL A S RS B AR A
T A0 M PN SR AR T R 0 20 M R T . SMO )R
A LK E R T LU s NO AW & ik 12
(NOSP) "' X JHF 19 D) A7 B P8 T 450 40 6 A% AT

HAEENRPERY,

ARHIF 45 R F W, SMO % B A Kk BT g
R B4 X F A M TS UW )2
LT HTK W, B £33 SMO WA 7
F R BRFFE IO 40 MK B e UW RS ., X T RE S
SMO ¥ AR B & M B 50 O AR R AR T
AR5 35 Tk 1803 A AV VR A 8 v R, G B IR o 3
(R 52 R R

25 L ik . SMO v 25 14 A BURF I 1) £ 7 250 2R
SRS UW A 0T HTK W AHE B 1k 44
KR 5 T UW MR 22 1 FH T OR A7 BRI, B
H sy s 2 4% A LT UW . B R R
SBH I G U R A AR 3E— 25 0 58 LR I R AT
B b 2B R E .
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