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MlaEEys| &L, BFRR X > QMREFT2
KON BERDOEDTHB EELDIE, KFE
TREMFOREO—MELHELNICTHEHNT, 7 v
IR NEERE TS A E, BORBREOZI L BT
HEBR=F ¥V vBAEHORMBBLRFL
o, ¥REHOBHRL LT, —BHCROLEROEE
HEFHAD DV IHRAEERLE TS L &h, BK
BB\ TRE DT 2 F, 37723 B thromboxane
A, GEHRFEER (CV415) B I UL HEBEREEH
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Fi66 HEBHRAKBEEG &EBEAZEES
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KBRFE
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BHoEC I B2F= 2L ¥ - ) vEMLEHOREERE
BRI TH DI, I55FELHTH D AR X U30
THEOLETHD BEEXER L, kic, BOFES
CXT 5EAOBRELEEFT 5 BT, thromboxane
A, ERFEERTH B CVAISIR AR S LB (C ),
¥ X S MBERMEHR ©H % ulinastatin ¥ T E L
B (URD) e LA, FFRORMSARL, BEEHR
XD EEZORAITENEFAMICETSHREY
BET 5o, EEHES 2 HoF B nREI1305 &
L.

£FE L L 1Z200C % A\ Pentobarbital sodium (50
mg/kg, BEERKRE) L 5HB T, AR, B#CT
120.25ml OEBEEKYBRELHIRE 0 #ELL, C
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EL, ik, BEFORSEIBEOHELEE
P L7, REBHREIS 7RO S CHEL, Has
selgren HOHFENC Lichi» €, FEER L OHREE
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Fig. 1 Diagram of the experimental procedures.
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DHBDEFOHIT0%~D (LT & FIEC O B MBI L7
DICENT LT, FOBREN AL, BEBRE305ET
K8ET- 7 (Fig. . EMBRCERT, HERERIE T,
155 % X O304 T O BT 0 & BRET 5 T30 8
M, TFKEHFR2 9775 2 (model RBF-2
biomedical science) i & » FFGMKELXRIEL, »
DSUCTHERELER LA, BRL FESEEESRD &
3O DOREEFRIC T freezclamp L, BEZEB TN
T homogenize LEEEBH LA, KOHITpH%® 7 &
L, Btk =& ¥ -0 v L& oLk
DHRELXKRIFTHHNT, chboAHEoY LD 7
7 =v 27 Vi F F (adenosine triphosphate : ATP,
adenosine diphosphate : ADP, adenosine monophos-
phate: AMP) ¢ 77 =v 227 L ++ ¥ (guanosine
triphosphate(GTP), guanosine diphosphate(GDP),
guanosine monophosphate (GMP)) X512 A ¥, B
Tz hbofBEY < H 5 hypoxanthine, xanth-
ine*EEEE s <+ 7S5 71 —2HGTHEL
7o,

AT HRIMPT X unpaired Student-t test % V> p<
0.05%FF & L,

b -

FAESLRE: FABOLKECOEE & EKfl %
100% & LcBEDOBELR TR LA, IGSBIFETH S
ABECIZIS B o B 52 T3 O B AR R I O A
fB% ERAEIER R LA, —F, 305BOHETHS B
BECIXISA TR, 20.4+5.6%, 300 HEFEE,

Bxaa¥—V v {aYoEhRE L ulinastatin ¥ X 78 CV4151

AHst2E 25% 115

Fig. 2 Changes in tissue blood flow of the liver in
each group. Data were standardized for each
group so that pre-occlusion values were consid-
ered 100%.
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belore ischemia  before reperfusion after 15min after 30min
reperfusion reperfusion

70.4+6.0% & AFCERL CHEAGLODAEIER
(p<0.01) EETH » 7.

FEEOHETX CVALIEREHTcH B CHT, 155
MR, 98.0+9.3%, 3047 BIENEF, 118.5+8.0%
& BRICHE L CHEKLREERIC(p<0.0D) SfE
THotc, UL ulinastatin 5B chH5 UKL B
FoMiciHFEABnEEOEB L EXYR Db 1t
(Fig. 2).

FHB7T=v 27 vA+ VOEE | 1500 CT
HBHABTINTEOFETHS BRCEEL CHE
FROFEB7F=v 275 POV L iElEY
Eh, 00 FERH®ATP T A$2.58+0.23, B#
1.93+0.20umol/g TH - 7o, BFIH 5 FHO CH, U B
TRHERBOFEKZE 7 F=v 227 VvEF FDoLr <
12, 00 FEREDO ATP 2% h # h2.81+0.13,
2.60+£0.37umol/g & L b BEHRIERLTERER
(p<0.0DEfETH »72, ATP, ADP, AMP D#&F1
TH5D, B75F=v 227V +FF (total adenine nu-
cleotide: TAN) DZEEhizoW\Td ATP L RAEOHE
FT# -7 (Table 1),

7 7=vX7vi5 FOXE . FEBRF OB
77 =vR7VvF+F K (total guanine nucleotide:
TGN) (ZEEIMERIER T1.1940.31umol/g LB 7 7 =
YR ZLVAF F4.44+0.30umol/g D3 5D 1T
Hote, ROFBERNO 4 HBOLETII7F=v =2
ZVvAFYERBTHY, AERTHEALL2HED
FT7=VvRIZVAFIFEHLTIERTHoTe
(Table 2),

FF 8 #% hypoxanthine ¥ X U¥ xanthine D ZE &) . 7
FTE2VYRIVAFF, F7=vR7viF FORBE
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Table 1 Changes in adenine nucleotide levels in
the liver tissue in each group

u mol/g (wet liver)
ATP TAN
A group
before ischemia 2.88+0.22 4.444+0.30
before reperfusion 0.54+0.17 2.82+0.18
after 15 min reperfusion 1.961+0.30 2.98+0.21
after 30 min reperfusion 2.5840.23 3.86+0.28
B group
before ischemia 2.884+0.22 4.42%0.36
before reperfusion 0.14%0.05 1.50+0.12
after 15 min reperfusion 1.18+0.25 2.08+0.19
after 30 min reperfusion 1.93+0.20 2.8210.28
C group
before ischemia 2.95%0.15 4.831+0.33
before reperfusion 0.18+0.08 1.601+0.16
after 15 min reperfusion 2.411+0.32*" 3.18+0.33**
after 30 min reperfusion 2.81£0.13*" 3.72%0.41**

U group

before ischemia 2.85+0.28 I 4.621+0.39
before reperfusion 0.17£0.08 | 1.60%0.19
after 15 min reperfusion 1.48+0.10% | 2.95+0.22**
after 30 min reperfusion | 2.60+0.37*7 3.69%0.37**

meant+SD n=5

* . p<0.05 **;p<0.01 vs B group
ATP: adenosine triphosphate

TAN : total adenine nucleotide

¥ H % FF## hypoxanthine, xanthine &R 3155
B, 30oMEmFEHE L. Lal, 05HEoEmE
T & - T % hypoxanthine #30.05xmol/g, xanthine
20.37umol/g L7 F=v X7 VvAFF, F7=v=
7 vAF FORBEOEAICHE L CEMOBE LT
W TH o7 (Table 3),
x =

JFF o Kl I #46 F SE  X AM RS, IR STRE D BR o il o>
av e -k RN E LIS MRS, H5\0ik
FBERD FF -l licibhsd, ¥ hliftic
LMEDEEBBEOBMNC LIRS FHEREE D
BEREL, ThZhFEEL2BRT805TH
htuv3,

¥ M FEZEOR R 3 X OHRIC oW TERY
KBRELAEBEL S AL, HOBOEEEDCS
HORAKODERFRMBROMGBETH LI LIS
T3 79, bhbhdFEMEERCOTERE BE
ERBEBERRETHLOBHRYHAL T oW,
SEBHLICE=A V¥~V VEMLEWIL, BN

312701

Table 2 Changes in guanine nucleotide levels in
the liver tissue in each group

l umol/g (wet liver)
| TP | TGN
A group I
before ischemia 0.77+0.14 1.1940.31
before reperfusion 0.12+0.02 0.4440.06
after 15 min reperfusion 0.4110.06 0.80+0.11
after 30 min reperfusion 0.4210.06 ‘ 1.00+0.25
B group
before ischemia 0.77+0.10 1.18+0.30
before reperfusion 0.1140.07 0.411+0.05
after 15 min reperfusion 0.19+0.06 0.44%0.11
after 30 min reperfusion 0.324+0.02 0.62+0.18
C group |
before ischemia | 0.67+0.08 1.18%0.40
before reperfusion 0.07£0.04 0.361+0.04

0.36+0.05** 0.63%0.10*
0.57£0.04** 1.04+0.22*

after 15 min reperfusion

after 30 min reperfusion
U group

before ischemia

before reperfusion

after 15 min reperfusion

after 30 min reperfusion

0.72+0.14 1.19+0.32
0.07x£0.02 | 0.39%0.07
0.32%£0.03** 0.62%0.11*
0.54+0.06**] 0.97+0.23

mean+SD n=5 *:p<0.05 **:p<0.01 vs B group
GTP : guanosine triphosphate
TGN : total guanine nucleotide

Table 3 Increases of hypoxanthine and xanthine
levels in the liver after 15 and 30 minutes is-
chemia

umol/g (wet liver)

Hypoxanthine Xanthine

before ischemia 0.13+0.01 0.03+0.01
0.15+0.02 0.21+0.02

0.18+0.01 | 0.40+0.02

AR LRGSR LT3 A ¥ — S LC W5 E
B AN LETH S, MO hypoxia itff- T
DHEBAV AMETT5 2 L AREEOREDK
ERERE SN, Likd - THMABD viability o &
FtEE L5, oM TARIEEKR, ATPD
EEIFOKBOE : b av F Y 7oAy v B
CERELTED I3y F ) 7ADELHhRBEGE
DOHXELFFME O viability * Rl EBIET 5 FE &
B,

Fi, HEDO=2AF¥ - Vv INBRETS LT
BEELRTFIR 7 vAF VORBRBERXERTHZLTH
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5, BOEEAERET S E X7 v F FOSBIET
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MR iR TR T E, FEAERIESHVLRT
[

FTI55MR L U305 E & W5 BB OZIC L 5
BT, 1550ETH -~ THEHERKROFEET D
B AA¥— ) VBLEHOBEIIB L ERR
B, §hav Y 7R600BOFRLEYT->THHE
ERBEEINCEENBE IR 5, —FH, KERH»H30
SRBREOEIM TCIIX 72 VAF FOSRITIBEETHD
DB EFACETL=FAF — L ANDOEESE
i, FESORT bbbt T A2BREGEoORE
OBENFEROVESTHB EELLNA, EEILH
BHCHEABOKEOTE » i T 5 L BH L EHED
bhi, bk, st B mEERcE
brEERTFELTERBIRTV5, EEBRRED
cytotoxic factor DEL d BMFHIOLERIZ L B e -
THELY, =FAF - v ANORERECIRLLD
AFHBEES LT\ BTTEENEL B B,

A £ B ¢ (1 thromboxane A,& i B % [ £ #
(CV415D) ¥ X U4 MiBEREEH (ulinastatin) 25, B
TRAAF - v _ADRIEIELET 5305 B0 E T AT
S UTCHERTH % %E L, Thromboxane A,id
TSE VA Ar— FRORBEY T, XhdTH
him/ I RBEEERYE TS, AEBRTHEALL
CV4l1sLi ek o FEHNC g L tlihEis R BR
B97¢ thromboxane A, & RFEEFTH 59, KEF|OHI
BEC IV BERBEORMNMERIEZELIEES L
7o, TR SN EFIR A M TR OB LA PIIRE: B
AGERACHE/MRABR ERS ELTED, &
hWABERBOMNMERYEETLILEZLRS. L
Fe i T, REIOBRICEZ 0 MR O IH 5
LTwb b L#EEINT,

—7, ulinastatin DR EIFEBET=F ¥~V v
BltEHoRBeH LAY TH Y, 00HEOELT
H-Th ATP, TAN & 1540 EImFFT B
ERELRT, COHKDWCTIRELCS L3P-NMR

Bk ¥ - ) B OBRE & ulinastatin 3s X 0¥ CV4151

B#EAREE 25% 115

spectrometry % i\ CHF#R@D ATP v <A 2B\
THBEOEREYRE L T-5%, —F, IUALIIHER
K& FBAVCRi € F 4% fER L, ulinastatin #5235
MEOMFIZH L TCHERTH o7& LTHE®, L
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ERIEREBHCHEEREN L, FRRCK TS
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HogRoimfUdsoRTFRE 2 bhd, XEBIC
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Changes in Tissue Levels of High Energy Phosphate in Ischemia-reperfusion
Injury to Liver and Influences of Ulinastatin and CV4151
on Energy Metabolism of the Liver

Tsuyoshi Kurokawa, Akio Harada, Mitsuru Nishikimi, Koushiro Kuroe, Wakahiko Kishimoto,
Toshiaki Nonami, Akimasa Nakao and Hiroshi Takagi
Department of Surgery II, Nagoya University School of Medicine

Dynamic changes in adenine and guanine nucleotide levels of rat liver during ischemia and reperfusion were
investigated. The effects of thromboxane A, synthetase inhibitor (CV4151) and protease inhibitor (Ulinastatin) on
the recovery of the liver energy status were also studied. Recovery of adenine nucleotide levels after 30-min
reperfusion was markedly disturbed in the 30-min ischemia group compared with the 15-min ischemia group.
Changes in guanine nucleotide levels were similar to those in adenine nucleotide levels. Increases in catabolites of
the nucleotides, i.e. hypoxanthine and xanthine, were not marked even after 30-min ischemia. Recovery of liver
tissue blood flow was more disturbed in the 30-min ischemia group than in the 15-min ishcemia group. CV4151
improved the recovery of liver tissue blood flow and liver energy level after reperfusion. Ulinastatin also improved
the liver energy level, though it did not increase the blood flow. Ulinastatin has protective effects against free
radicals, endotoxin and other of cytotoxic agents the effects of this drug might be associated with its cytoprotective

properties.
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