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StarzIV 2 FFBEIC I U TRI LT LSk, BN
DES I 2T, Cyclosporin A2 fAZE X h % il
#H# D % R = Euro-Collins solution® 7z & D {-7EH D
BHCL Y FBEREIRLE LA, 51EE, UW
solution DREFIC X Y ERAEREIRENCER
L, 1EFRIIT0~80%5 &, & BB KT
KRBT 2SR BH L BBECKE Y255, Uil
O LIeBHEZEOEL L b b, BEEHLD
graft B& A L7 REE, 37D primary graft
nonfunction (PGN) D4R 122.1~38.5%9~10 L {&
REETHB, ¥c—FEPGN 2354712 4, EBEX
AW E D, ZORTREI% ESEITH S, PGN
DR DWTiL, donor DFFEE, organ procure-
ment DEXDORFEE M, donor FF D AR+4 7 flush, FHEFE
RrolEE, BERMNOBEE, BEMEERL, BHEE
BOREY~ 9 ERBIF LR T B2, FBEE
D graft viability KB 5 LT\ B EE 2 Hh B,
donor DT DR DEBIZ >\ Cik+ 545 el staire
SR T7EV, % ZC donor DRI DHERIIRIOE X
<1993%E 9 A 8 BEE>JIRIGER%E @ ik B—

T XEEAM2—1—1 ERERFEZZE
1548t

h FBREREL R LI,
NREFE

1, xt%

- E200~250g © Wistar R # 4 rat % donor ¥ X
U recipient & UCTH,

2. &k

(1) Group 3

Donor Offigi DRI B L OCRHF O BMB &
EEMEE AR cold ischemic time (CIT) X b, A
To6RSEL,

Group 1: &7 L, CIT 18/ h)

Group 2 : #&7c L. CIT 6h

Group 3 : #8&48h, CIT 1h

Group 4 : ##48h, CIT 6h

Group 5 | #&72h, CIT 1h

Group 6 : ¥&72h, CIT 6h

(2) RE®

FEW & LTt 4°C, Euro-Collins solution( s F Y
TFHE) EET,

3) FWHE

FIFT %X Kamada 590 cuff iz S\
fTote, Thabhb HWEBTABRDYE R0
prolene Z A\, EFEREE TITV, PRSI OCFTHT
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KR OYE 3 cuff technique TTT » o, e BHFEHIR
DERIITHY, BEFRIAT Vv F2— 7RAKLY
WA cYE L,

(4) #zEE

O BT BEE 3 R OEHHRE (n=5)

BHEFOMKEHEEX 3 FEEORHE#E (mD) %
FlEL, EHSRIEECHLAUDBELTHS
AFU b Fa—TRE=—AFa—-THEHL, 52
CEE IR CETRERT S L X hETLE,

@ RFERBEZEOERFE (n=5)

% Group I > \WCRPTHFBMEI0E B ¥ TOE
EREBE L.

® FBMBRESHFRARON ATP, ADP, AMP
33 X ¢¥ adenylate energy charge D&k (n=5)
| FHMBEAHEEROFAKM ATP, ADP,
AMP ¥ X 0¥ adenylate energy charge D#ERHAR 0,
4835 & OT2RER I B 1 A RN A LS, CIT 0, 1,
3R IV 6BEIE T hZhiEs L, HFESA
ATP, ADP 5 X O AMP DflIFBiZ~— ) v H—e= vV
A ARBEEF » PERAVCTT o, Thbb, &
BLAFEBYRESETTHRBL, BRELRVLS
EREL500mg ¥ FE, 772 bickb0.5N AERE
10f5Ex Nz, ANEER EIF A -KT1~2
SuRE, K E105 8B, 3,000rpm, 30min, 4°C
TEOLDEEL, EE1ml 1M K,CO;, 250~260ul %
wmL, pH6~TiHfAR L, CoBBEBREYHES » b
¥AWSHL, ATP, ADPKI U AMPE*HEL
7-. 7¢¥ adenylate energy charge (XL T oK% B
WTETE L,

Adenylate energy charge=

(ATP+0.5x ADP)/
(ATP+ADP+AMP)

@ FRMBELSHRAROFERCEL (n=5

FEMBRASNEEROFEECKEEIME 0, 48%
X ORI 1 A BRI LY, CIT 1, 38 LV
6 BfElic oW T h T higEs L,

G FEMBARSINRERFORFRF O GPT, X
U*LDH o1t (n=5)

FREMBESAHRERORERFOGPT LU
LDH o# &% 0, 48% X OT2BERC 35 1) 5 KEREHY
#ib#, CIT 1, 3B IV 6RO TERAERE
L7,

® BHEH X HHBEABENRE

£ Group Lo WTCEBHEHK I 2 RBAKENREY

FFR M o graft viability i+ % donor DERDOEE AL 265 125

BT L, Tiebb, BEXRIRE LI/ V2 -1
7AFe ¥ (pHT7.29 vEARER) T 2RRERE L
%, 2%A =i v sl (PHT.2Y vEEEEK) TEH
w2 BREE L, 2F¥ I ER =%/ - ARFITHK
L, EPOKS12CAE L1, LT my 7k m
b — 4 (MT-5000) THFIL, EBEv 7 =—ATLF
R, $T4 %A (SATOEE) L, B
OBEIEANEE JEM-1200EX % B\, InEEES0
KV CTfT» 1,

(5) #stmE

H Rt Kaplan-Meier 5% i\, Wilcoxon (5T
BEL, FHEOZOKRERLENLE (Bonferroni's
method) % B\, BERES BUTEXEEEDH L LI,

A

O FFTHEFBEE 3 OB HItE

I E % 3 R o R B &iX Group 1, 2, 3T
Zh#Fh0.47, 0.43, 0.43ml L RFTHh -7z, ThiT
% LC Group 4, 5TREhFh0.34, 0.29ml £ HE
AET L, &< Group 6CIXEHBEIEL@BDH
¥, PGN oikgexRL % (Fig. 1.

@ FAFHHFBEEOEEFR

R BEE308 B £ COEFEERIL Group 1, 3T
100%, Group 2T80% & RIFTH DKL T,
Group 4, 6TH24BRILIAICEFIFET L, £FREZ
0%THh-1z. i, GroupbTHRM#% 2 BE X hFELC
BN 528 H LR EFIFET L, ik b FFBHER30
HE:TOABERIORE, RPEFRBLREL-
7= (Fig. 2).

® FRMBEANELFKO ATP, ADP, AMP
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Fig. 2 Survival rate after liver transprantation
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Table 1 Change of ATP in liver tissue during cold
preservation

tava- | :
ion | Oh 48h 72h
CIT | _

oh | 0.405+0.069 | 0.294+0.024 | 0.256+0.010

1h 0.314+0.030 0.241+0.020 | 0.223+0.009*
3h 0.291+0.032 0.262+0.018 | 0.195%+0.017
6h 0.340+0.045 0.254+0.013 | 0.207+0.014*

M+SE. umol/g

*P <0.05 compared with starvation Oh

Table 2 Change of ADP in liver tissue during cold
preservation

tava- |
ion Oh 48h 72h
CIT Y

Oh 1.285+0.066 | 1.352+0.134 1.120+0.018
1h 1.2124+0.033 | 0.752+0.015* | 0.748+0.021*
3h 1.161+0.031 | 0.698+0.028* | 0.688+0.022*
6h 0.787%+0.034 | 0.509%0.016* | 0.561+0.041*

M+£SE.  gmol/g
*P <0.01 compared with starvation Oh

¥ X O adenylate energy charge D&k

FFREMBEGHREROR ATP 3, AT
HTHRBREMLRLRE, Tihib, Groupb, 61t
WTHF ATP BEBEIETFT LTV (Table 1),

Z 7-BF ADP i1 & HARI48 % & OT2RERE A Bk
fEx~Li, T7dbb, Group3, 4, 5 6IBVTH
ADP BWEEIET LTV 7= (Table 2).

Zhizs UCF AMP g A R148 & & O 78R ©

BICEEZ/RLI, T7bb, Group3, 4, 5, 61
BT AMP »EEEML T\ (Table 3).
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Table 3 Change of AMP in liver tissue during cold
preservation

tava-
ion Oh 48h 72h
carT

Oh 5.182+0.448 | 5.784+0.799 | 7.416+0.625
1h 5.086+0.761 | 8.765+0.377* | 8.964+0.353*
3h 5.066+0.405 | 8.715+0.353* | 8.697+0.232*
6h | 6.770+£0.344 | 9.741+0.254" | 9.684+0.494*

M=*SE. umol/g
*P<0.01 compared with starvation Oh

Table 4 Change of adenylate energy charge in
liver tissue during cold preservation

tava-
ion Oh | 48h 72h
CIT
Oh 0.148+0.012 | 0.140%0.026 | 0.095+0.010
1h 0.142+0.012 | 0.064+0.004 | 0.061+0.004*
3h 0.132+0.008 | 0.064+0.004* | 0.057+0.003*
6h 0.087+0.006 ‘ 0.048+0.003* | 0.047+0.005*

M+SE.
*P<0.01 compared with starvation Oh

HEXbYHER R T, FFadenylate energy
charge 3K % L, {EEIIM4RE X UT2BRITERR
EER LK, Thbb, Groups, 4, 5, 6IB\T
BF adenyrate energy charge 2B BITE T L Tuv i
(Table 4).

@ HEMBRESHEREHROFEECEL

FrEMBRGSHERFROFEEOHMEIR, HBEEE
1483 L U2 C CIT R 7 % L EER2 = TH
RPAFED LRI, T7hbb, Groupd, 6k CHFE
EVENT2EARIED LR (Fig. 3). sisFFEM
BEGHEREERM, T7bb CIT 0 B coFEER
3, HAIRE 0BEID14.710.72g X LT, 48, 728%
MTRERENI.4+0.24, 8.7+0.31g & HEICHKS
LT,

® HEMBEAHREHRORERT O GPT X Xk
O'LDH o &4k

FEMHRRGHREFOFERFRFT D GPT 12, A&
PESE I OB CEEY R L. ¥4
LDH i, #AIIRM72h cHEECEEER LI, Thb
B GPT X Group 3, 4, 5, 6T, LDH X Group 5,
6THEEKMERL Tk (Fig. 4.

©® BE L AFRBEASFHRE
Group 1, 3TFMfEO, R X OMBREDNEE
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Fig. 3 Change of liver weight during cold preser-
vation
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OEFEIT X Bkt RN KM, sinusoidal
lining cell, Disse ¥ X UFF#IBE® microvilli % IE%
TH-te, Group 2THHFHAROBE LY SRichT
V7o, ERA EMRE, sinusoidal lining cell  —#8C

BB D graft viability x4 % donor DEROHE

BRI 26% 12%

Fig. 5 Electron micrograph findings (1) (X
15,000)

M: mitochondria, D: Disse space, SEC:
sinusoidal endothelial cell

i (Group I

BEABDLRDZ DD, BELECELA TV
(Fig. 5). Group 5TRFFMREMNICERASERD
Lt AR bleb 2352 5 2%, BRI B
MO B %L 5T, sinusoidal lining cell 1B
fizh T\ i, Group4, 6TIRFHENCERKDE
s bht, RN RMAROEE, Bk, Disse f
o B K, microvilli ® fragmentation 23385 b i 7z
(Fig. 6),
Z B

BEFO#SIC L ) FBERAIALL, WECH

BHEIKPEFRERCH T 5 B BREC ) 2o
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Fig. 6 Electron micrograph findings (2) (X15,000)
M : mitochondria, D : Disse space, SEC : sinusoidal endothelial cell

»%, L»L, primary graft nonfunction (PGN) @
EERIKARASETHY, BEFOEEXHT3EE
D1DER->TWw5, PGN BFFBHEER X » Bt
&2 70\, IME transaminase < bilirubin O ZRH
v BR, EELREEECELE, S v s 0E,
KRBT > V- 2, ZRETRE, FEBRER YD
HELORETHH, BBEIRTVLAE D, FETERI
ELDOTEET, TOFHHPLEENRT5, PGN
BEC T, WA WASIHER X BB A, donor
@ viability 2B 5 LT\ 5 & # %2 54 b donor @
mEioBEALIE L, PGN BT 28 &b, +45
TR A T e, & 2T, donor DfFTO A
HMOm X b FBMEE O graft viability ic-2V T E
L,

R ERE X T 512 H 7 - T, donor
HAHARI 0, 48, 728%MH & BB RS HRAFRRE 1,
6l X bR e 6 I B L., Thbb, B
#o ATP &RiX glycogen BANEIRTH b, ATP
BRZT 5L, BHEEKD free radical 1@ X % BER
EEAY FT 50124 FE, glutathione 7z & D
metabolite B ET %, I D glycogen (248B5RG D
BICL VAR D1.9~15% F TR T 51972070,
HARDEELYZLIdI3 oM eEEL bR,
EHiROBERERCT ALY, 2HEMOBEAL
fAliz oW L e Lic. %7 Euro-Collins solution &
XoratfFoBMEESHNEF B L T, Okamura
B2t 1 BRIAEGERIE CIT 6 B T100%, CIT 96
fi-Ci15.4%, Tamaki 52212 CIT 6 ByRiCii &Gt

Flicowrst LT, CIT 18KH T 6 B LI 261
T L &% LTk b, Sankary 523 CIT 438 ¥
Mix 2% EEFRMETL, 10RMAYHL 5 EER
RROBTHBH ELTD, %7 Koizumi H20ix
scanning electron microscope % fi\ ¥ %<, CIT
26 BRA# % 5 & sinusoidal endotherial cells 73
=& h, CIT 68 % T% Euro-Collins solution DR
FRElLTws, Llbkodata kb, CIT 6 FEEC%
Euro-Collins solution iz X % BB BAHFRFOLRE
RAERE LRIV, $hTEhREFREMEL
TCIT 1 % A,

Fr#sfats 3 REfE o B B & X, Groupl, 2, 3TR
HFTh-tcniei LT, Group 4, STEHEERCETL,
& <1z Group 6 TR BEMIZ 2 < D HhT, PGN
DIRRER R LT, Rat OFBREHEE 1HE ORHBEl
£130.32ml/100g/hr TH 92, FFgMEE OB BhtE
BEIFEH ETHEML T EZIRTW52, EED
DB CHITPREES 2 R b Dlad o T D,
ABHEEROBMATH LD EE X LRI,

FFREER 3 R0 E L Group 4, 5, 61C
BUWTHBIKEL R L 7o, —# i Euro-Collins solu-
tion IC & 3 BB ESHEFEEOFBHEIC BT 5B
Heett &z, CIT 4 85T control ®81%, 8 BT
55%, 12BFHT38%, 24RffEIC13% & Xh TR DD,
CIT 8 Bl bicie b L EHCHA T, 1R
HIR S BEHBEREOBEGRET 25 &, CIT 2 8B D%
&, R BRRICE S &, BB AR
ETT5 EHEINTV-52Y, Rabbit Fo UW solu-
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tion IZ X 2 BMIBEGHRFORETL 5L, FBE
OB E T CIT 22450 £ TR48EH 0B A
X &0, CIT BEMTIERCLIVER
AR T3 52, 37cdbb, Groupd, 6 TREHBEME M
BT Lok, ¥R 4SEREI bzt 5 & SR
BOEEBYZTHFR T kbbb EELLAEL, X6
Group 5THHHBHEENRA LT\ 7add, T hitie
BRI 28R 72 % & CIT BNEL ¢ b FEEY S
IR ehtbtErbhi,

R BME%308 B £ co4FERIE Group 1, 3T
100%, Group 2T80% & RIFTH Dzt T,
Group 4, 5, 6 TIX 0% TH -1, ZOFRBETIEHBa
EOREELHEEL TRy, BHEHREAEECETL
TWAERITIR, BEHEEIEORIch ok,

T, BEHEBMER LI OCEEROERTORRYIF
adenine nucleotide DHE X Y K&t L7, FEMBES
HEFREORF ATP %, Group5, 66XV TEHEEICE
T LT, % 7B adenylate energy charge it
Group 3, 4, 5, IRV TEHEIET LTz, FFATP
TFBHBC SRR T 598, ZoBIRIER
O¥E XX TS, Palombo 5'93fF ATP oA R
DVT, 25%dextrose # 58 (D ) & saline 55
SEH . B/ ¢ 2 k&EL, CIT1&HM DR
—44%, SH—74%, CIT 4 BT+ hFhn—78%,
—93%, CIT 8 Bl cxrhFh—85%, —96% & H&E
LT\ 5, %7:energy charge 2 CIT 1 BficD#
—22%, S#H—44%, CIT 4 BHETH+hFh—44%,
—57%, CIT 8 Rl TExhZh—44%, —62% L #HE
LTw%, Tk, Br ATP & X U energy charge i
CITOER: EDIETL, 20ETRIHAHRTE
RThy, £EROETCHAREORIEZ, 25
L 72BF viability DIE THERTH 5 LE 2 bhiz,

F72fF AMP (X Group 3, 4, 5, i\ TEBICHE
mLTwich, BfMERSHEFFICATP 5 I U
ADP % AMP ¥ T LIcicd EE L bR,

FEMBEGHEEROFERE HEME L, EAY
RIsi R\ ik SEME% R L, —f## iz Euro-Collins solu-
tion 12 X 2 BfiBEGHRE T3, FEEIERNI
HmLee, RERE T4 6%, URR® T+
10.1~14%>0n@misbh5, BRLFERLD
BIfRIC oW T —E D B3 7o\ A%, Sankary HiL
EELORBLALI I, AR CRFEE RN
B lshotcb LT 5,

HEMBRGSHRERORAFE O GPT i, &

M o graft viability iz %3 % donor DR OEE

BEsasE 268 12%

WART48 % X 2R R B W CH BB R L, ¥
7o LDH » 828 Mc s T BECEEY R L
7c. Morgan 53V % 4B SR F R OERK T D tran-
saminase XEAFH TEBICEMETHB L LTEY,
BIZ X b BF o viability 2MEF L 77, EFERF~O
GPT, LDH oW A BA Licicd b E 2 bhi,
BEIC X H5BZE Ik, Group 1, 2, 3TRFF#I
B X OCEAAEMROBRER IR TR,
Group 4, 6 CIIFMREM SR DT, BIRW KM
Fao &, Bk, Disse BEOBIXMED bhtc, —iC
HIRECE, FlL b SERANEER EEY S
%3 <3, Euro-Collins solution 2 X % 8 Bff§] D #
MBBESHRFC L Y, FFAIRE microvilli BERET
LZEETHLIOCKL T, BHRAEMRIENE, BRE
T %29, Euro-Collins solution T 6 R % T HEH
BESHRENAETH HVE SR T W5, Group
4, LB OBERENEHLD TR TH T & X
h, REWHEIRVHE, 6 OSBRI
ThHdHEELLRT,
¥/ Group S5TRERNEMBEOBRE XA B HT,
sinusoidal lining cell ZHEEHRI-h v edy, Th
RAHREREAEC D THE EE LR, Le
L, FF#ifigo viability 2METF L T35 709, MaEA
CEROER, HRMC bleb BRH BB L, Y
nHFEEYZHCkY, BIEE BbhvEEZ
bhi,
X 3
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Experimental Studies on Relationship Between Donor Starvation and
Graft Viability after Liver Transplantation

Koichi Sato, Hiroshi Nozaki and Noburu Sakakibara
First Department of Surgery, Juntendo University School of Medicine

Graft viability after liver transplantation was studied from the aspects of donor fasting period and cold
ischemic time (CIT) of liver preservation. Bile output during 3 hours after liver transplantation decreased according
to the prolongation of CIT when the fasting period was more than 48 hours. Survival rates up to 30 days were
extremely poor: 0% with 48 hours of starvation and 6 hours of CIT, and 72 hours of starvation with both 1 and 6
hours of CIT. However, less than 6 hours of cold preservation in Euro-collins solution seemed to be safe. Liver
tissue ATP was significantly lower with 72 hours of starvation, and ADP and adenylate energy charge were also
lower with both 48 and 72 hours of starvation. Moreover, these concentrations gradually decreased as CIT was
prologned. Electron micrographic findings showed vacuoles in the parenchymal cells and blebs in the sinusoid with
more than 48 hours of starvation. Sinusoidal endothelial cells were degenerated and detached with 6 hours of CIT.
In conclusion, it was suggested that 48 hours of starvation and 6 hours of CIT, and 72 hours of starvation and more
than 1 hour of CIT decreased graft viability after liver transplantation, and could be associated with poor
posttransplant results.
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