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In vivo {EIRFFETRE O FFFHIMEE 1259 % Co-enzyme Qo7 H 0T
Ulinastatin O #ifafREZD R BT BT

LEERKFEE 1AH

wIl —FE

e E=8 MR &=

Co-enzyme Q,, (CoQ,o), Ulinastatin (U) OFF4AFEMEE 4% MR EDRY, HERAY
AW AEGAFHERER € 7 v 2 B ORE Ui, SBRBE GEFIER S n="), CoQuB¥ (BHIML 1 Rk
#110mg/kg iv, n=5), U (BAM 1 BERIA157 U/kgiv, n=5) © 3R T, FHEAEES & OTEENE
{Lx g L, 7B Glutamic oxaloacetic transaminase fH, g-glucuronidase D 1EHiEEFE D
LRI 3IFMTER RS 5725, mitochondrial GOT i FH X U B clig X hi (p<0.05),
ICGRlsbif BER 6 BRI CoQuoBt, & < it U (p<0.05) TaENRD bhic, HEERI b CoQu
B, L UBTHER®OFTME, mitochondria FR OHM, BWHMEMBROESIOE AR L O
Disse BERIBFRE OBWA MG Eh T, BEX D, CoQye’s ® UM Ulinastatin BH i BT# 513480
MmEECT 3 MREDRLFT5LERTE D,

Key words: liver ischemia, cold perfusion, cytoprotection, co-enzyme Q,,, ulinastatin

BLsic

BRI viability #5575 FTERTFIL, F
WFEHE EORMBYERNT 5 &, FBHETD donor FF#
BB, W2 OBEHMTERNE coLEE, n7E
HEOBEREBEELSTFOAS, ChbRIBHEF
10% D El& TR AT % primary non-function D ER
B L T3, Z ofEfith s S miT RS R4
T 5 @O R MEE BT 5FEC, B4
BT 2 & Lo i BRI A8 iR
HuafbEdTsz thEzbhs, BEETAREVE
BE, FHBRHEFSEC I FEERRIE, RERR,
RS FOER»ZE L CHET 50D, Miflic
XTHERC L 5 MRREDROL @I & b B
THRHATSZ L3RETH D, KPR, FREE»S
NTEHCES ¥ TOGEMEER X CBERES
NTMRREDRY LR LB« DRTOEM% B
BrT <, EFAERWFERER T A XBEVT,
Co-enzyme Q;o (LAF CoQyo) # X U* Ulinastatin ©FH
MEF T2 MRREDR YR L.,

I. H&BIUHE

1. EREHY

<1992 1LA 11 A ZE> SIRIFRE | w1l —
T663 FEMRENTI—1 EEERK¥HE1HN

EREIIY, 24 R U 7B E 15~ 20kg DHER
K& H\>, ketamine hydrochloride 30mg/kg f5iEH,
PR T LU T OERE T - 7,

2. FhFE

KEEBRMED £ = & ~TFICBHBE LA, Y FREE
Bh A\ ZCEERIR & /2R EIR 72 b OV PR ERARRT IR O
A v 7 (Bio-pump ® Bio-Medicus, Inc) #ZRE L %
1 AREER Lie, ROC/MER B IR T_T O
HrUE L, BAEFER PRsOoR0KT — 7%
W, EOEREKEE TH LT A#8IR, IS TXE
e 7 — 7xbdie, PIlRARCIBERSIRES ©
BHREF - — 72 ARG IEFERNCEE L, %
P, A A 2% fEE) (RE40ml/kg/min) L, FFMmfT
BT I T AER, B L3 T REEROIECERT L, 4°C
lactate Ringer & THF&EIER Lo, 605D RFE
MAFT -7, 7eBHFTFHTRBRICEF = — 7T2EA
LEFRE OBKER & L, 4 C lactate Ringer %2
1,500ml %#80cmH, 0 O EZFE CER L /=, o
SR, ARAECSERRE % lom 25 L Ekk
B = 2 — L7, M{THEBERIE sodium bicar-
bonate (7w/v%) 20ml, methylprednisolone sodium
succinate 25mg ##{E L, FFEOIR, PR, TX&RD
B I T2 EE X,

3. EEREF
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PRI D FFERIBIR220CHI% € TIET L, »off¢
BOAHECER I NEAO L ERRIFAEL, *
HAELUTo 3T, ThbbEmaTMaEES
5 4% control B (LU FC#n=7), CoQ, (=—
VAR, D M 1 BT 10me/ ke #iE
L7z D% CoQyoFf (n=5), Ulinastatin (¥ B3
A&tt, HF0 X BHM 1 BRI 5 T8 kg BEL K
% 0% Ulinastatin 8 (LLF U n=5) & L.

4, ®AEEH

1 EfbEgE

ICG ®#E (0.5mg/kg 1577 =# K ICGR,5) (X BARE R,
miTHEMEE1 K X 06 EM T, Glutamic
oxaloacetic transaminase (GOTIU/!), Glutamic
pyruvic transaminase (GPT 1U/{), m-GOT (1U/D),
B-glucuronidase (U/dl LA T g-gl.), # fA i B8
(NMOL/mD), #.8 (mg/dD 11X Sz e 18 %
THRIFE LT, CoQuBETIX, [RE LD HEDT CoQ,id
BARE LSRR CRIZEL .,

723 ICG 154 R LB, GOT, GPT i UV
%, #IEH83a-HDS b, m-GOT i protease
%, p-gl REEKELEY, BIEHE23e-HDS B,
ABRIERECTHE L.

2) MREHFHIKRE

R i % BEIM AT & AT FEEIE 1 BERIC 3\ CAPE
THTL, XX UEBEMICE L, EREFTE
B Quantimet 720 system 20 (Cambridge) 7z & Ofiz
CIR-300 (IBAS) %A\ LI T~ 2 B HIZ 1T -
7z,

JeEREHENL, 250f5FE 0> HERGBEAZ AV 1 EX
A7- h EF500ME (B BER92,50018) o KRS & BH If1 7]
BROBOX BV TEFEACEHAILA, BEIEEY
glutaraldehyde « osmium tetroxide TEREEL,
uranium-$§ C_ERERE, EHRT O FERY#HEL
7z, b, FF#fE mitochondria i o\ Tik 1 HfED
BRERYH, 1ERDH7 9 EH400ME(KEE2,0008)
@ mitochondria ME #* BEFAIL /0. HBREFHKRE
T NTHF/NE Zone 22X L LTIT» 1.

3) MEHFE S

BonicEREIEHEM) HEEFEGD) TEL,
BEEREX Student’s t test & A\, ERE5 BLITF
boTHEBL L,

II. & #&
1. FEBEEOHD
ZERRIZECAE L - FHESRIR L, ERRTO8THL

ERBBH255 T, FHIICIETETL, LA#20T
B THB L (Fig. D,

2. CoQ FrBNEE

CoQi o BHEBE L, 51T FH0.63£0.19ug/
mg protein, #5141 RREITH 2 5Ll Lo FI51.63+

Fig. 1 Time course of liver tissue temperature
during cold perfusion.
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Fig. 2 Changes in the CoQ,, concentrations in the
liver tissue after intravenous administration of
CoQio.
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Fig. 3 Changes in serum GOT after ischemia.
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0.21ug/mg protein I EH L, XK EE 2 BERHO
MTEEFIE BT HETRRED bl -7 (Fig.
2,

3. WINEER, WIEHE, AMO#R

GOT {3, CHCIIHEERE 6 R TRSEE696+
287IU/1 &2 L 1B CREIRIE LTz, CoQuoBt, URET
I, CRHLAFRT] ~ 6 BB RSEYRL, 1 BT
BEFEE L, 3EMORSHECEEZRIRED S
Hizh ot (Fig. 3). Mitochondria 83 D& RiE R
TH 5 m-GOT 2, CEETIX 1% A IRk EE85+33
U/l %L, DEETL1IEACHECEEL .
CoQ B THREMCELLRERICHIVELEE
Wtk 6 R Ch - e ’, EREL CHELOMCEEZ
BERD b ied T, —K, U CoQ, B & RAfRHE
ERE 6 R TRSELYRL M, TOMEIRST+17

Fig. 4 Changes in mitochondrial GOT after is-
chemia.
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U/l &t 2 BN THE (<005 EMER =L
7= (Fig. 4,

Lysosome i&BiEBER TH % 8-gl. 12, C BECIXERER
% 6 BERAC R EME4, 1142 803U/dl i L, L 2958
CRE(EL, 774+976U/dl &7 b FOHE UM L .
CoQioBf, UBL LI CRELAFOHEBERL, W
hoRHzE T SEBMCAERZRRAD b hid -
7= (Fig. 5),

MeERIEH BRI, 3EEL S BERE 1FETES
fExRL, BEFEIFBCIECEL:. BEERC
BFET41+5mg/dl LR BEL, RWT U, CoQuo D
JETH o7, CHBLCQ HEHMCIRESECERES
(p<0.05) A bh, XHK 6REME T UBNLD
RifzmE#/~L 7% (Fig. 6).

B, B L L HERR 1 FETRSHECEL,
DSBETLE 1FB BB L, R5ET CH#,

Fig. 6 Changes in total bile acid after ischemia.
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Fig. 7 Changes in Lactate after ischemia.
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CoQ,®, UBoRKE<, CRL UMMrisE:
(p<0.05) BxBA (Fig. 7).

4, ICGR,sDHR

ICGR,5¢%, CBIRIfHE20: 7 % L, FBERE 1
BRT44+12% L BALL, 6RRIBTL42+12% L &
FXRDORAh o, CoQu B XAifE23+ 8 Bz st
L, BERE 1FEII47TE 6% &L CHEARERE
L7zb 0D, 6RREBICII3ME 6% EFEEZRTLA
CRICHE L HE X RD e, UG HEERE 1 RRET

Fig. 8 Changes in Indocyanine green retention
rate after ischemia.
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TATE T % LMD 2 B ERRICEAL L 7223, 6 B
TIH2TE 9% & CRHERLCHE (p<0.05) HE
L# (Fig. 8).

5. XHE&

B T3, BRI UEER% 1 BE#o C#
TRFdlkECE N, MEEORBBIVEXLE
», FRERLBRE SR, CoQLiTh, FoRBREX
BV ODO CHLEEFROFETH -, —H, U
BHTRCHR LU CoQ, Bt L€, FAifuggE
8« oM X < Rich Tz (Fig. 9).

6. FrinfammR

FaRmEO s MmithRy 3B chE L (Fig.
10), MEEHMERIE, BEhMREE (um?) Th 3.
CETi3, FRMAFEMFIE~EREEO AL -
MR ML AR IET~BE L. CoQ BT
i, SRR AET~BE Lo, C kB T2 &%
DREBPRPEETH -2, —F, UBT, [HmE
ZRFTDEH~OSHMBEOBENIMO 2 BT
B S iz ieh - 7o, BRILET & BAMEE o AL EIRE © F
HfEAE 3FETHE TS &, CoQuBHF TR CRHIrIE~N, U
BHXCH CoQuBfich~t, MREEOHMMIEE
(p<0.01) w#H Eh T (Table 1),

7. BEK

FHMATCk, SFAANEMAERITER EETIL, Mg

Fig. 9 Histological findings of the liver before and after 1 hour ischemia. (HE X

1000

A, Preischemia. B, Control group after 1 hour ischemia. C. CoQ,, group after
1 hour ischemia. D. Ulinastatin group after 1 hour ischemia.
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Fig. 10 Distribution curve of the size of he-

patocytes before and after 1 hour ischemia.
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Table 1 Mean size of hepatocytes before and
after 1 hour ischemia

Cell size (um?)
Group
Preischemia 1 hr after reflow
( 187+19.4 256+24.9 :|"
Colyy 192+21.6 231+26.1 :|"
U 190+£18.1 196+17.4
= p<0.01

AR/ NLOBKIZEED By, Disse EiC 2RI
DEME,EF IR D S (Fig. 11A), CHofEf
#® 1T, BRARMRORSIDELLE X OB
Babh, NRBEAL, BRAEMERORE ZED
Sht-. X Bz Disse ECRBMEOBY D b
7= (Fig. 11B). CoQ B oM ¢, AN KM
DEFIOENE I CERAAKAROREZBE TS
D, ¥, MLOBKE L CBRECBS SBETH -
7= (Fig. 11C). U BRI 13, CoQ, FERRICE
A RS L OCHEBREOHREELIB#H TH -1
(Fig. 11D),

Frifa i CEoRE M 1 Fefd <, FHMmAET (Fig.
12A) &ML €, HE/NMaEofiR i 5 O mito-
chondria DEAH D 6l (Fig. 12B). CoQ, & T

Fig. 11 Ultrastructure of the hepatic sinusoidal cells before and after 1 hour

ischemia. (X10,000)

A, Preischemia. B, Control group after 1 hour ischemia. C, CoQ,, group after
1 hour ischemia. D. Ulinastatin group after 1 hour ischemia.

o e
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Fig. 13 Distribution curve of the size of mitochon-

FrEREOEmEE T3 CoQyw b U o IlREDE AL 26% 25

Fig. 12 Ultrastructure of mitochondrias before and after 1 hour ischemia. (X
10,000)
A. Preischemia. B, Control group after 1 hour ischemia. C, CoQ,, group after
1 hour ischemia. D, Ulinastatin group after 1 hour ischemia.
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i, HE/PREOERIRD LRAEVL DD, mito-
chondria DEA*BEEZH (Fig. 120). U BTt
WTFhoZBL LB TH - (Fig. 12D).

8. FF#HRE mitochondria EH%

FF#ifa © mitochondria T % HEhic, 5 % @tsh
iz L 7= mitochondria [ & 4 77 #h $% % Fig. 13 2R
T. CHECREmMA N L CHmE T, BALA
mitochondria 238N L, AR5 5 ~BE) L F£iE
LUt CoQu BTy, CHIthRTH~OBEND
R fetrots, UBTROMEOET~OBENIIM
D 2 BRI AT <, BHIE © mitochondria EX
OHHIIEETH - e,

£ %F 0 mitochondria BB O FHEY x5 &, CR
X L CoQue¥ & U8 U B TiX mitochondria o BHIf1%

Table 2 Mean size of mitochondrias before
and after 1 hour ischemia

Mitochondrial area (xm?)
Group
Preischemia 1 hr after reflow
C 0.34+0.22 1.20+0.87 :l"
CoQyo 0.35+0.42 0.77+0.49 :I"
U 0.32+0.38 0.38+0.26

=+ p<0.01



1993 2 B

DERIPIEEIZ (p<0.0D) MF E Tz (Table 2).
I, # £

FiifafR SR TSR, EREE 5013
NEVE A CRE ST E DS, MRRRER OERR
BHOTEY R 510, BREATLMSKEY
R, Bepiirhes s Sh o EBRFEREED
A b TMEEH L 2BEREEOREYIEDT
BETHZEBNEETH A,

HANRIBITER = 7 v, FESEOMHMES
CRIFTEEY S\ I 47 F B4 © declamp
shock OFREYRHATLE=FAYE LTCAVOH, &
R IBROMBIFR L LTEAER T2
29 FEFar v CAIRNES T 5 ERH O M
RRFEHRLBRF LIBER 2\,

3T, FHMFofEzRE, RHMAFR 3 X ORHIMESF /e
FOM&HIREZECI v REebb00, Ban¥k
i oW CHRREDR BT sHRA LI TE
7o, BUMBEBEZOBE ¥ Bk X h oAk
MR O FEIHEER O & % isoproterenol” L3 R
BN, mMFBEII{ER O H % dopamin®¥ L O pros-
taglandin (PGE,®, PGE,?, PGL'Y) i Fbh s,
MaEREBEMERAXY AT 20 L L TR
glucocorticoids'?, chlorpromazine®»% v, %7/,
z=xAF-RBFOXBERAODDH LD LL T, Mg
bound ATP', allopurinol'®, AW R A\ 7o
CoQieHIFBhD, LRI TRBEREOENR
BRI AEBEEYER T, EEBREBEEER
AT % L N5 superoxide dismutase (SOD)'?,
CoQ.,'®, a-tocopherol'?, glutathion?®, catalase?",
+ X O allopurinol?? 23 H E T\ 5,

AR Thhbin A U EAR = 2o £ —AH
s X OHBA L LToBEREN N E SR IT
BT & CoQ, 9 &, FFEHMEE ST
MBaGRESRCELTRVEERE IR Tw L
Ulinastatin T®» 5.

AR TRERO FHEIHEL, CoQu% FHMATIO
mg/kg DEE TEIRT S Lich, HEROFEBREE
DHBDLLHRDMY, CoQuiddind &1 3 REFA
BB E - TV 5 LR S hfo 101919,

CoQ.o BTt C BRI~ T, GOT o L 5 iz FFitifarA
B EE R, lysosome HBERTH D gl IV
mitochondria & i B 5% T & 5 m-GOT o3& Bt #15H
BAabhichote, L Lhdb, FEEERS K
FREBELZREHCRE T 5@BIETEY, =31
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¥ — A BN TRt % AEY o LR T ER
1 Mg TSl ST, Ei, FFHBRaREE
DT BT METRSEE R b BT % ICGR,s 13,
MiTHEE 6 BT CHTHNEFRER RV DDOME
BEEEYTR U, hOBIENCED b h i MiifkE
BRILTERRSHENICREZE IR REDR LG
HELTW3,

CoQ,o DR #ER R 1z>\ TRl H S e
RS ETbR TV, SET - iaEH
X B E, GERIMEE O MEIEE 2 i b RICRE L C
VB RRE A D CoQu R s L vl s h b
TEDHIBE L, Eh, BEAK S, CRCEECAD
RICEFEREERONLOBX, FHEROBMEDNE
X ¥ L U4, mitochondria DEAIEE LG S
TVWBHZ EHBBEShi,

GIEMEEZ, SARFFIOOLAHER (b5
WIREBREL #ie, L rERERcs TR
B3 LpMERI RT3 ZoFRELT, H
ERBTR TR S A ERN B OEER
F#H 5\ iLF B Kupffer M5 5 OEHEBER
protease I & W MIAAKANBEI L EREEhT
VL5230 SR CoQu D RRFABMEF L, 1. mito-
chondria DAY CoQ & & I ATP DEA R B R
%, 2. BlaoERECT 2 RESRE, 3. B
FREEATMH X 2HBAHR, 03REShTH
s o) FofEAEFYERT S L, CoQilid, B
ERBCRETLEREBROV L STH HBRILEE
DELEEMETAC ik b, Bl 6T
FEREFLH L T\ 22 5 Disse BBz e 5 EED
BECHLCIREDRYTFLIcLELLR S,
CoQuTBREIh L REHRIKILE NS Ulinas-
tatin B\ W C—RBEZRD bR,

Ulinastatin i2 ¢ F QR X b FEBR WL SFE
67, 000D EEHE TH 5, EBFEMERICOWT,
trypsin, elastase, lypase 7% & @ lysosome BE5&HE(F
A, lysosome BERBIMERALRHT LA T2, FF
lysosome X b&li L7 lysosome BESR (L, MIRaPY/NEs
EOBEECHBENSIERY A T % 12933, Ulinas-
tatin ZFHMATH 5T 5 = Lic X b, BHMES T LT
oo MRRESRIPETELOTRIEV-NEE
%, AEKRFEB LK. 7ols, Ulinastatin (2 2E Ik
AHEGH, 747 =7 ERACEBASRORET
i3, #5 4 RS FHESTIc960% D BE TERT
5720%, [RBTHREERRHALL,
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FHim#e o FrARE X oM, HRABE &R, Fa
@ mitochondria DIEK O, ICGRETRIRS
FH/PMMERBREOHEZO W FhroBH LB Th
Ulinastatin (XfEM ¥ & CHEFEE X L s &F
EHRER LI, LHALaAS CoQoBE s /g, GOT
O@FUL CREL TR LR o7, ¥,
Ulinastatin (2 #8f2 7 lysosome D ZZL X b,
lysosome BER D&M A HFIT 5 & ThTv5 2% AW
FTEFHEIZK L lysosome EHEBEZEOV L >TH D
B-gl. DR OBEICXIFEMITENAL LR, -,

SHEIMEER, BERBCKTHRESh3ERAR
AR S OERBE D B\ L iF B2 Kupffer #
B o DIEMEETE R protease DEAIC X b HifaREE
BB X 530,

OB ENL oL, Ulinastatin (3F R H 50k
Kupffer # g 2> & Bt H & h 7z elastase 7z & @
lysosome BEFR OIEHHIFERY, F 7o 3 EMEEE OB
Hie b HFIERCE SR EDELY TR L &
BEIhD, TbbRANEMRY | R HREL,
ZORR, 2 KRS L CLREDELTRL,
mitochondria O AIH, m-GOT D&BEME »E8 &
hicdbDEdbEZLRS,

TR REATIZ 35\ T, donor FHFORRMATIZ, B 5\
(¥ recipient FH O MITHBHAHIC AT CHREER
BIZ PGE*®, CoQ,*07 &, HREFIOHEIRALDL
AT BH, AFFEORRES S, Ulinastatin @ X 5 7s
HEODHEER RS LEROBCHATH B E LD
nn, i, FBENDO LS THIBRKCEL TS,
o Ehic Ui LR MTER 2T -7 b,
BWIASHEREMAZSZ 35D, LT, BF
PIEREE, MiPERFcE o BNEER X FERES
2LERA LS L Oy H#E T 5 B8 s EEL
fo iR R R A M AT 53 % = L iXEERAYE A
THHERERTED,

BERABEHIh, KEHDEEBNIYE 2, F7r
N— T OERCEI L ET,
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Cytoprotective Action of Co-enzyme Q,, and Ulinastatin on the Ischemic Damage of the
Liver Following in Vivo Cold Infusion

Kazutaka Furukawa, Naoki Yamanaka and Eizo Okamoto
First Department of Surgery, Hyogo College of Medicine

We tested the hepatoprotective action of Coenzyme Q,, and Ulinastatin (urinary trypsin inhibitor) by using a in
vivo hypothermic liver perfusion model. One-shot intravenous administration of these agents was performed one
hour prior to ischemia. during a 1 hours ishcemic phase under a veno-venous bypass using a centrifugal pump, 4°C
chilled lactate Ringer perfusion (1500 ml/hr) cooled the liver down to 20°C. Postperfusion elevation of plasma GOT
and B-glucuronidase occurred at the same degree in the pretreated groups as in the control group, while the
elevation of plasma mitochondria GOT was significantly suppressed in the Ulinastatin treated group. The rate of
retention of indocyanine green dye for 15 min was elevated at one hour after reperfusion in ail three groups,
however, it returned to significantly lower levels by 6 hours in the pretreated groups, especially in the Ulinastatin
group. Morphologic as well as morphometric studies by electron microscopy revealed that the cold ischemia-
induced damage to liver cells and endothelial cells of the sinusoids was significantly suppressed in the pretreated
groups, especially in the Ulinastatin groups. It was concluded from these data that pretreatment with Coenzyme
Qyo or Ulinastatin may have a cytoprotective effect on liver damage induced by cold ischemia.
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