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FRECEL, FEOEARTHTHD, BEOFY
B bHio =y v — A% BEE UFFPIE®
¥r (Pringle DFHED R LIELIEHT IR B, =0
MR & > T, Bt FROEENL » -3
n, ThBOEGHEREC BB EELZLRT
W5, MifasEtsie C 3 EEOBARE E+45 Tk
WO, BIOBE, MaREE Ca 1A VvEBED
AP L bR TWBEY oI
LT 2oODHMD S, 1263, MamcEmnL -
Bt Ca 1 # v #3E EH 1 phospholipase A2% %t 1L,
LCHIRREDBRE Y CTHABEEEY FETH L)
RThHAHO, b5 10 Car A viriilaRoE:
1= B BEHTH 5 calmodulin ¥ FEHALL, Zhx
L T RJ$EERY I phospholipase A2% &ML T 5 &\ 5
HTH DV, T higw X, EHI L phos
pholipase A23, HEIRE* 5L, MEREDOHRELR
E, FEREMFICIZ7 ) —F 2 r0ic X BB
<1991 1 Al6HZE>BIRIFERE  #E  #

T113 XHRREAM7—3—1 HEEAEEFHE1
ME

HOoELE P MREEY IORRETSEELLRTY
B9,

ok irmkroMBEE U Ca HAILH
Whh, EoEMAREECBERCERTH Lo
BB rolEHBFE, MIRaED Ca+ vy v R LD
ey 2R Lo CHlaNER Ca 1 A Vv BEDO LAY
AFTH s stEBLLR TS, LAL, fMid
RHoE#ECat A v DELIZTREHATH 5 cal-
modulin =5t % BFHIA 2R M BT 8B+
ZWMER . £ T, ABFRIEZ, calmodulin HHiH
DEMENTLHHREYEATLERBBHEL, HUT
ORBRE T LI, 7, calmodulin F#H F(elziver-
ine, v 2) MFEMEOEEROHBIAEYDIED
RE L, KRIT elziverine 3= % A ¥ —BHREIC S %
HHERREND o HPLC (BEHKE s n <+ 7 5
7) %A\ Tin vitro T adenine nucleotide ® #E
E3MP-NMR % B\~ T in vivo T SATP, fiigA pH 7=
EDORIERTT -7z, B, elziverine {5 M XM
REIE 2 2EEYRARL D CEGHNIB L L
¥ By RlE Lk,
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%R 1 >CaFHA, calmodulin EH F o il
X+ HER

SDROHEM 7 » + TIZB®WEI#®O O X IEFHF
7 v b &L, 0.06% thiocacetoamide % 4 ~ 8 7~ A
BHKK S TERLEBHFERES » 2 BEEHN
Z w b & U7z, calmodulin #EH1H o K I 4 BT8E = i
TAORBHRETANLLDIEERFT » +, BEF
Ty b &SRR THE DM FARL v
DZHFISENZRIT Ui, B CafiAl Lo
RO B D 1T - 7,

1. e

-1 EEF7 » b3 s RGEDHE

BEER G ER12, R & 3 v5mg/100g body weight,
27 €% 50.5mg/100g body weight, i 7 b » & v
254g/100g body weight DRERENHE S X 712, £
BB LT, ~ %V v %20U/100g body weight £#&
ATz HEL, ARIMM D> Y 2 v Fa—7 (2
==+ AT 4 v 7B CHREREBIR—SR#ER + v b
FYER L CHFPIEEN = S A 2 ER L, ZhELTo

IF o,

1% : lactated Ringer RO L% HE LB (n=8)

2 Bf | nifedipine 10u4g/100g body weight ¥s & O°
lactated Ringer & H 5 L7-8 (n=8)

3 %  elziverine 0.5mg/100g body weight ¥ X ¥
lactated Ringer ##Z58H (n=9)

lactated Ringer #& © # 5 & 1X1ml/100g body
weight/h £ L, ¥+ VvV I Fa—7XhEE LKL, T
NHRBIRMCER Y2 5B 5L, BE105B kM
WrmEs v » 7 CENL, HREFELZHEKTS &
FRC + v P 2ER L., FHEERTRAEL =T
DO FFFIERERT R o LDSOSIEERF 5 v b TR1205
RBIETHB L RMR L, £ LT, 13070
B CIRIZEA LSBT T A D, ZDOEROEER
RlARME 710 LD50%# 2 513000 & L,
LT, 3WLBI05HoBME, B HIChFFImEr %
e L, BHEEIRERR + ~ P 2BRELCHABEL
7o, FFPSTEEE 7T BEOLERYHE L, £FF oD
B HE L,

% 7z elziverine XK ICEEBHETH B71D, 0.2%D
carboxy methyl cellurose (CMC) B&E®& & L-CHL,
nifedipine 37 #5 —+ (1 =A) RHVG,

1-2 BERFS » rBT5HE

WA » b TRFEROERC KIS KICG (ICG

WRFELROF=x1¥ - B0

BiEARE 248 5%

MIRHEE) RD, ¥, BBrz v, o7
SAATIEERT7 > tOXE, BT b e VILAERE
PENE S CRREEL 78, 0.2mg/100g body weight ©
indocyanine green (ICG) % #HlkHICAR LT3, 6,
9o BICEBIRA-HEIM L T KICG &K D,

KICG oflIE» 54 1 BROBEHM Y 8 -Thrbik
DEMEREIT-, EEHT » + ERRIZLTO 3
BRI = 5 A 2R L CHIRFRM & Ui,

1 ¥  lactated Ringer BD L& % &5 L 7o fH R #
(n=8)

2 ¥ : nifedipine 10xg/100g body weight ¥ X 8
lactated Ringer 55 (n=8)

3 #% . elziverine 0.5mg/100g body weight ¥ X ¢
lactated Ringer B 58 (n=8)

7%, lactated Ringer O # 5 &ix1ml/100g body
weight/h & Uiz, E7c, BEEFTO LD50% R~ THM
HEEREILFRERS S, KICG & H\ 7 TLDs,
() =406 XKICG+6.2TH b Ehi, £ 2T, BE
FF7 v b CoRFFTMERERRE I KICG 2 bH#E X h
7 LD50 (TLDsp) D120% 5% E U1z, FFF9SBARERHE
ey v b EBRELCHABEL, 1EBMBOEFS » b
FAH E L, 73, 180 KICG i20.113+0.054,
2 #£130.090+0.040, 3 #F30.107£0.057TH b 7
N—THROBEE X1,

AT FRINBC It BE, Yy BB, kT
23 ~XC Mean+S.D CRL, UTFOERTELRAFED
Mt e BT,

I, B

EFEF7 » TR, BRFER S CL/82TBERL
foDizxt L, nifedipine 58 77/8, elziverine #45
BTY/INERL, LARERCEFEARREL, L
» L, nifedipine # 5% & elziverine # 5B D 4K
R FREE X o7 (Table 1.

Table 1 Improved survival rate after hepatic is-
chemia by giving each drug

e — T ———————
\ Group 1 Group 2 Group 3
| n=8 n=8 | n=9

drug (=) Nif Elz

survive 1 (12.5) 7 (81.5) 8 (88.9)
I | x k% | o | .o

die 7 (87.5) 1 (12.5) 1011

) indi . Nif : nifedipi
Elz : elziverine

*: p<0.01,Group 1 vs Group 2

%% ; p<0.005, Group 1 vs Group 3
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Table 2 Improved survival rate of cirrhotic rats
after hepatic ischemia by drugs

e Group 1 Group 2 Group 3
o n=8 n=8 n=8

drug control | nifedipine | elziverine

survive | 0 (0%) 2 (25%) 8(100%)

R, RRE

* A% *, AxH
die 8(100%) | 6 (75%) | 0 (0%

*: p<0.001,Group 1 vs Group 3
** : N.S, Group | vs Group 2
*%% : p<<0.005, Group 2 vs Group 3

—7, BER 7 » b T2, nifedipine #5139k
BEFLIAEEN I ok, L L, elziverine 5.8
TRET » PEFL (8/8), EZLEHCHE LA
BRAEFERIEEL 2P Ci/s <, nifedipine #5
QB HERTIFRICAEFERIKA X H o7 (Table
2), eB, TLLT v MR EAEHVFFITERE
24BN TH - e,

I, /N&

Elziverine B OB EH L BERORE L R
L, ZoOKGERX nifedipine i B L € T B
oo 'fC.

<ER2>EMFO=xAF-—BBLE 2 5 el
ziverine DEE—in vitro Kk I 55—

I &

2-1: B OERE

EFF7 » v, BERFT » AR, FrPSEN=<
FARVER L T, elziverine ¥4, IEf 5 Cco B lEED
FF# % energy charge(EC), FFEBHNAR, vorry
BOEEYEE LI,

IR EERHS v b (2vie—-a8 (n=10)

28 IEEFF 7 » + T elziverin 0.5mg/100g body
weight &5 L8 (n=9)

3R IBEEFT P (2vie—-AED) (n=9)

47  EEF S » b elziverine 0.5mg/100g body
weight ¥H45 L8 (n=10)

AR L BEERFIT + v+ F 2 — 7 5B lactated
Ringer ¥ % 1ml/100g body weight/h S8 L7, 3 &
@ KICG 3.0.088+0.025, 4 #£:20.085+0.024+F &
ENTrh o Tz,

DA Eo 4 B s v CRFPIEREENTRT, FFFTE0EENT 5 4,
105, 2045, 305BHFAHAIEED—F % #0.3~0.5
g B L CHIRF I BRI CTEME L, nucleotide @
AE, B, A vBOAECHVT,

2-2 : Adenine nucleotide HIE
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Adenine nucleotide D #IE X HPLC¥RIC X » 7, T
tbhb, FRBEE10%D0 TCARTHRES A~ LT
BEE L7, 10,000G, 0 CoOLHTIcHREEEL T
LELYHBL, CoLERHSmL, 0 Co=—F A LR
L, EBo=—712BRETHEVIBREL6EED
BUA, 25 LT TCA XBREL LR, WEEERL TR
1A vAKEEHR L HPLC (BB EFT  LC-6A,
SPD-6A, # 35 & WAXLD THZEL..,

2-3 ! JFEBAAE, v e vBAEE

WFE L AR EH IBERD0.8REREFEH T+
TR~ b LTCHRERLRLHE, 3,000rpm, 0°COEM:
TSR L EERER L, chi Ay, $BL,
A F o & —t, —FdFo & —HRILDERE
RACCHBEECHRE LR, Tk, YAEYVEROH
FREAEVBAF -, —FFrF LR
L ABREXRA VI,

1. B

2-1: Elziverine ® = * L ¥ —B)RBIc 5 2 HHE

Energy charge (ATP+0.5XADP/ATP+ADP+
AMP)BIMK X » THANEHCEA T 55, Rl
BOBMMNEELEbLRBLDERD I SR & 5T
B L 72, .

41n (ECx)=In (PreEC/ECx) PreEC : i Wi g @
energy charge

ECx : &K x 538 D energy charge

PreEC izBi L Tk, IEEETF, BEHRF & $ i< elziverine
By, FREMCEREE DT,

EHFFD 41n(EC5) 1% elziverine # 5B D J5 »3JE#H
EHIVIEFRBCKRENL-T. T, EEFDI0, 20,
304811 elziverine 5 BHDOFHIEHJEH L H b K&
WRARD - Te b DDOBEEE R o, BERFTI
WTFhORE T elziverine 5 3F & IEH SRR
BEITD L -7 (Table 3),

2-2 : Elziverine #51 X A FEBAIER ey
Bk

SN ALY, 4FL bERMmME, EERIECER
TABCHE L. Elziverine 3R 582 05 &, E%
PO BN ALER RN & R EER L b b S8
L 7o, B304 TIEMOER AR E - e,
—7, BEFoOFESAARIENEROEMORBE
BEEFL Y bBHLdboo, RmE305Th ¥ /5H
MOEMES - 72,

Wi elziverine # 5, JER G REHCHEB L TH B &,
EHEFFCL elziverine R 5O FFHEBA AR, FE
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Table 3 Changes of decreasing rate of the hepatic
energy charge in ischemia(4In(EC)Jby elziverine

\_J Group 1 | Group 2 | Group 3 | Group 4 J
| 0.810+ |o0.804= | 0.807 | 0.814%
PrefC | "ops3 | 0032 | 0.0 | 0.020
' Smin | 0-720E | 0.1 | 0.545% | 0.578%
*0.142 | x 008 | 0120 0.3
ol ranx |1+ | p.6s0t | 0.637%
10min | o9 | 0087|0108 0.077
| 1435+ | 1506+ | 0.8%5% | 0.863%
20imin 0.130 | 0100 |  0.161 |  0.142
| 1.646% | 1.681% | 0.976% | 1.103% |
BUlmin 0.271| 0.250 | 0471 |  0.250

There is no significant difference among 4 groups
before ischemia. After hepatic ischemia, there is significant
difference between Group 1 and Group 3 in all times.

* : p<0.05.Group 1 vs Group 2.
There is no difference between Group 3 and Group 4.

Table 4 Tne changes of lactic acid in hepatic
tissue after hepatic ischemia

\ Group 1 | Group 2 | Group 3 | Group 4
Pre 0.12# |07t | 0.6+ | 0.2+
ischemia| *®¢0.03 | * 0.03 | ** 0.08 0.05
s 13 | roix | 0.9t
Smin | cieg.13 | *» 0.12 | o .09 0.05
) 1.5+ 1.77 1.5+ 1.48% |
Wmin | 17023 |+ 0.15 0.15 0.12
Wmin | 200 | 2.33= | 2.23% | 2.05%
|* 021 |+ 008 0.23 0.20 |
| 2.7 | 2nx | 2.59% 2.50% |
Smin | o 0.3 0.13 ! o p.35 0.29

Unit : mg/qg. wet liver weight

*; p<0.01, *%*:p<0.05 (Group 1 vs Group 2)
®: p<0.01, ®®: p<0.001(Group 1 vs Group 3)
N.S : Group 3 vs Group 4

SR L RO ERCEMNLTE D, B
MO FHBANIRE L elziverine 5B D /7 FEH
EBFIHEXTHEBERC KX -7 (Table 4), L1,
FEERF O ESNARE L, elziverine 5., I 55
FICEEZEN o1,

PR e v e vBRIKBI L TiY, 4 BER oo AiE
THEEZIZIL (Table 5), 4B & LB 5 5T
BEWAEC R CERET L, BB, BEEFE
LR ERFE TR, Lok, KB RETicH#
BLA-OIXL T, elziverine # 5 FEFFTI12105 5
LT THUEREREML 2, %7, elziverine
BEFEERTH 5 05510503 TERE R BFEMM
BH BRI,

I, /N5

Elziverine X EEFCiii#% o EC 0 {E T2 {2
L7z, IEHEFF T elziverine #5112 X » C g ILH],

HRFEMEFO = & 1 & — @R

AEA=EE 24% 5%

Table 5 Changes of pyruvic acid in the hepatic
tissue after hepatic ischemia

\I Group 1 | Group 2 | Group 3 | Group 4
Pre | 0.74% 0.83% 0.50+ | 0.48
ischemia|  0.30 0.13 0.16 0.1
|04 |od9x o033 | 0.4t
| Bmin | o8| 008|009 | #r 0.1
| 045 | 048t | 0.39: | 0.40%
0min | " o012 |+ 0.08 0.08 | ** 0.1
| 050+ | 0.54+ | 045+ | 0.44%
20 min 0.08 | * 0.06 0.22 0.21
046+ | 0.45% | 0.39% | o0.42%
p0min 0.08 0.06 0.1 0.10

Unit : 107mg/g. wet liver weight
* : p<0.05, Significant increase from 10min to 20min
in Group 2.
#% : p<0.01, Significant increase from Smin to 10min
in Group 4.

REME L ICHERHNARESEML Tk ) BERD
TUEDE 2 Hht, BEFT T elziverine #5112 X %
=xAF—REOHL M REIBETE o,

<ERI>HEBEOKFO=Z 1 ¥-BRBICE 2 5 el
ziverine O #FE —3'P-NMR 12 L 2 #5t—

I A&

31P.NMR spectroscopy % A\ T FFP oS00 W Bk o FF
A fa N pH, Pi (4 B %% B, phosphomonoester
(PME), BATP oF{e ¥ BB T 57201, LTD 48
CHFPIEBEERT = 7 A2 ERR L, 305D FFFIStEk %
M 4T L 7o, BIE w2 3¥P-NMR (BEM 250/80, 2.0
Tesla, KFEBEFO XA, BIESRER, Vv v IHEF
BEH  34.5MHz, S ABE [ 30usec, A REEDRL
RFfE © 0.24sec, BEEIH 300, BIE =1 A © 15mm
surface coil & L7z,

1  EEFS s b (2vie—-—a8) (n=10)

2HEIEEF Sy b icelziverine 5 L - B
(n=8)

3B HMEHT b (2vie—aF) (n=13)

4B BEEH 7y b Kelziverine ¥ ## 5 L - B
(n=11)

4B DERPIL Y + v+ F 2 — 75D lactated
Ringer #® % 1ml/100g body weight/h % % L,
elziverine D # 5 8130.5mg/100g body weight & L
o, i, 3D KICG 120.079+0.026(Mean+S.D)
T, 4F20.07620.021TH D, HEERer o0k,

1, 38, A5 AMAIESE, 0% EOREE
THAEEM X BT L, BmEoBTLed ER I EHE
Lic, 2, 48T, Z3 elziverine ¥ 5aT0REET
S5OMBIEL, #EBRISEE(LEELLE ED
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Table 6 The changes of ES (BATP/Pi) in he-
patocyte after hepatic ischemia

Group 1 | Group 2 | Group 3 | Group 4

- Tt

Pre 7 1ms+ 7 1.4z
inject | _— 0.189 | _~ 0.242

Pre 1477+ | 1,528+ | 1.417+ | 1.414%

clamp | 0.131 0.306 0.342 0.328
0.346+ | 0.245+ | 0.514% | 0.433%

Smin | 061 |+ 0.0% |  0.140 | 0.068
Omin | 02005 | 0.t69= | 0.352% | 0.322=
+%0.022 | %+0.027 |  0.082 |  0.068
o130+ |o0.420+ |0.205¢ | 0.220=

20 iy 0.033 | " 0.006| 0.068 |  0.045
Wi | 0085 | 0.08% | 0.16x | 0.150+

0.017 0.026 0.068 |  0.033

*: p<0.001. %% : p<0.05. Group 1 vs Group 2

N.S : Group 3 vs Group 4

There is significant difference (p<0.001) in all times after
hepatic ischemia between Group 1 and Group 3.

PR EE L, HWEFRLE Lz, WTFhoBb,
B S5 5, 104, 204, 307%F0E L1 4o
BECI-TBLALT -2 2BV TRIAELT-
fo. Eio, AEFEELZAGTVWARVWEDEEOEDOD
7 — 2 OREFHEL G CRREGE O LB AT TH
Y, BATP/Pi DR E T — 2 DL H B W3, BT
HEOESELRACTEEEROLE YT -2, IE
TR & AR O B IR MR O MEICB L AR T
DOW|EEXTFEL T B, SEIRT E LT elziver-
ine WEOFEIZ L AHEBYFLICKREF LT,

II. BU&E

3-1 Energy status (BATP/Pi: ES) o %1k

EEE D = 2L ¥ —REEX BT 5 7o iz BATP/
Pi % energy status & L7z, elziverine FE# 5D IEH
LA & o tETir, JERTRTO ES (PreES) 1288
LCREEZENRL, BHEO ESHTERCEFERO
FHHBNE D7z (Table 6), 2FOEFEE, 4FOE
EFizis\ T, BIMFIC elziverine 5 L T X D
OELEXBEELLD, ZoR5OLTREEOE/LIE
BB,

¥, EEHOD elziverine B 5B T EME D ES
DETIIBEHENCERETHIOH LT, B
EHF D elziverine B EBCIIEFME & B ERH L OF
BERBDOLhIEh T,

ZIZTBATP o oB bicEB L, B x 5H 0
BATP LENRIEL DR & 5T, ZOELEKREY

Rare (x)=BATP(x)/Pre(BATP)
& L7 (Table 7). Elziverine 5D EEIF L BE
Fa T 5 & Rype ) IREME, EEFOHNEE

291191

Table 7 Changes of SATP in hepatocyte after
hepatic ischemia

| Group 1 | Group 2 | Group 3 | Group 4

[Pre | %81 | 106.0%
inject | - 82| 9.3

. . [~ !

||Pre 100 100 100 | 100
clamp

35.4+ | 59.3% | 58.2%

5min | 45:5%
™l om 67| o 63 |® 9.9 8.3

30.5= | 26.1% i4s.5t | 47.72
*

Wmin | %o 20| a 48 9.1 10.3
21+ | 207 | 41.4 | 385

Wmin | 9" 4 g 30| e 63 9.2
Wein | 1775 [15.8% 308+ | 31.0%
[ ™" e 36 3.7| e 6.6 6.1

All data wers indicated by percentage based on each
pre ischemic value.

: p<p.01, Group 1 vs Group 2.

: p<0.05. Group T vs Group 2.

: p<0.01. Group 3 vs Group 4.

: p<0.001,Group 3 vs Group 4.

oMl O

AR T L, 7, EEFcoRmED SATP OB
i, elziverine JEF 5B L v b elziverine # 5D H
BHE L, elziverine Il k - T ATP O{HEELIMEI 1
feekErbhte, L l, BEFCREMATE L bic
elziverine # 58, X SEHEARBERIBECE
i,

3-2 : PME o %1k

PME i3, AMP oL EIbELb DD, BLEA LS
Na—RGEEEE A b —RGEERTHB LR
T\ 519 Elziverine 3EE 5 0B -4, BIFIOBEERF O
PME REHERFO X h kX THEEOEMARA Db
7o, UL, EEAF, BER & b RN elziverine
PRELLEPTRABROEMIED L iz,

%72, PME 00 BRHEILEEET L00
RS

Rpve (x) =PME(x)/PrePME
& L7z (Table 8), 7 5% & elziverine 3£ 5 DA,
EEROAPEERL D SAERCHEMERKE 2o
1o, IEEHF TR, elziverine 5B D 03RS B ikt
~NTHME204, 3050 PME oL HnFB I/ &
Do, Tihobb, E¥EFJ v b Tk elziverine 5
IZX - TR D PME ORins i X hie, LaL,
BEAER T3 elziverine B 5B OWMBIIEREFH DO L
RIDBPIVERLDZSOOFREEI LT,

3-3 . EREMOEL

EHEFF, AL I elziverine #5723 CHEIM%Y
AR+ BRI Pi OBLBBECEAed -7, PME &
ERCERTRTE A FHE & L TEmE Y
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Table 8 Changes of PME in hepatocyte after
hepatic ischemia

Group 1 T Group 2 | Group 3 | Group 4
Pre | %6+ | .ot
inject 9.2 | 12.0
Pre
clamp 100 100 100 100

[ 135+ | 1830t | 137.9% | 139.4%
Smin | ™44 185« 18,5 203

| 2024t | 189.4 | 1667 | 183.1%
10min 19" 15.4 158 | 297 28.8

238.8+ | 206.6+ i192.9:t 181.1%
o185 | o 20.0 | * 40.0 35.0

268.0+ | 224.3t | 209.2+ | 296.3t
20365 | a4 236 * 479 34.7

20 min

30 min

All data were indicated by percentage based on the
values of Pre clamp.

&: p<0.05, Group 1 vs Group 2.

0: p<0.01. Grouwp 1 vs Group 2.

®: p<0.01, Group 1 vs Group 3.

PME : phosphomonoester

Table 9 Changes of Pi in hepatocyte after hepatic
ischemia

Group 1 | Group 2 | Group 3 | Group 4 |

Pre (AL / 99.3t |
inject |~ 17 | n.9|
Pre
camp | 100 | 100 | 100 100
Smin | 190-9% | 207.3% | 166.6% | 184.5% |
mnlo 228 3.7 | o 29.2 s |
=1
10 mi | 2327+ | 247.0t | 208.5+ | 212.8% |
™o 20 3.9 | o 216 36.2
— | 2861+ | 2n.6x | 2518t | 241.3%
mnol o 28.4 46.4 | o 39.4 34.7
Mmn | 31T 3072 2.0+ | 297.0+
fulld 31.2 47.1 46.8 | 425

All data were indicated by percentage based on the
data of Pre clamp.

O : p<0.05, Group 1 vs Group 3.

Pi : inorganic phosphate

Ry (x) =Pi(x)/PrePi
& Uiz, Elziverine 3 5 O IEE I, BER L & T3
ERe(x) MEMATSBOEKSBERECIEEFOHHK
& -7 (Table 9). Elziverine #¥5, FE#FERRED
LR, EER, BEFE LK, RiMmidEmegd
Re (x) REBZIBEDBRiLI -1,

3-4 : fF#Efe™ pH o &1L

SIP.NMR CRIEE &S iz, PiD o ATP 5% & L
chemical shift 2> b FF# B8 N pH % K % %= (Table
10). Elziverine #5042, EmATOFMEA
pH 3 BMEDLTh b IEFHOHBEBCHEEF X b
b REDoT, £FLT, EEFFTIR elziverine # 58
O ERERECHE L CRIMEHOMIEA pH D&

FRFEOBOF= 2 ¥ -RBoOMmS

HEASE 248 55

Table 10 Changes of intracellular pH in liver tis-
sue after hepatic ischemia.

Group 1 | Group 2 | Group 3 | Group 4
Pre A 1mt "] 1.18

inject | _— 0.06 |~ | o005

Pre 1.8 | 1@+ |14 | 103+
clamp | ® 0.05 0.06 | » 0.10 0.05

Smin | 6755 | 687 [6.79f | 6.7+
™| % 0.09 | * 0.16 0.09 0.05

.| 6.59+ |6.68 |6.61x | .61
10/min, 0.08 0.17 0.06 0.04

| 651t | 6.59+ |6.47 |g.5+
Zmin 0.09 0.13 0.06 0.07

omin | 6% | 6.2+ [6.38f |61
™ |a 008 0.14|a 006 0.08

*: p<0.05, Group 1 vs Group 2.
®: p<0.001,Group 1 vs Group 3.
4 : p<0.05, Group 1 vs Group 3.

THEEB/ I En 1, UL, BEF TR elziverine
#5, FREERCHRN pH 0FBERR D LA
Mmooz,

I /NE

IEEFS » F Tt elziverine #5112 X » CEMED
Fr ATP o382 mmE I hic, ¥ f, elziverine (1M
%o PME oo fiE L <k b, BlEOMERY
TUHEL TS EEENR IR, —F, BEFTRIE
FHELAKOERLED 2 bO0FBREIRD AR
hr o 7&.

¥ =

SEDFERT, 1 elziverine iXEBRFREMBEO4F
RORFWEHTH -7, 2) elziverine DEEIL L »
TIEEFCRENROFMENTATP 045 @i
L7z, 3) elziverine RIEEF I WCBMEIF X 0%
NEOFESHNABEYF R M, EMEOR
#ifgo PME oz {H L, 9 BEEFT » b Tt
elziverine 51 X » THEFRIF L L7245, in vitro
B X Win vivo DF = x4 ¥ —KEBOREERICITE
BENLEOhih o1,

BIARRN BN L o8 Ca 1 + v R EER K
phospholipase A2% Wb T2 L DB DB LD
D, —FTIEHRA ORI L 78 Ca 1 4+ Vi3,
calmodulin ##E#{LL, Zhx AL TRER K phos
pholipase A2%EHILT5 LI TW5, £LT, W
Thic LTd, {EM1L & iz phospholipase A2i 41k
BOBRRTTHHHBIREL SMEL, free fatty acid
(FFAY L ) VIR B EETH L EZ LR TS, =
hiext U, fFREBFETRETH B S, calmodulin #HH
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Fig. 1 Consumption of ATP in ischemic cells, and
the function of elziverine.
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#1 2% phospholipase A2 FEMALAY TG T2 = & L7
BWERTWBID L 5T, calmodulin BHIFL,
calmodulin % L T phospholipase A2% 84 % 1z
# X, BB, EEMC phospholipase A2DiEH %
MET 5w ), BIREOSRC X 5 FFA 0oy
PHTHZELTHREEEL (D EE L bR
(Fig. 1).

EIECHERN BT 5 FFA, acyl-CoA?29ix
M A8 A D potential D #EFF % 7 5 Nat-K*ATPase
PEHF 52202, Lo, BEOELIHBLD
D, elziverine I 5 DIEFEHF, 5L UVHEEHF O Na*t-
K*ATPase (I M MA@ in L FFA, acyl-
CoOAR X-»THMHE 2% 5, Zhicx L Ccal
modulin # $i # T » % elziverine % phospholipase
A20FEHALEHIHI L CERRE OB HAL 5 FFA
DEMEEEIL, Na*t-K*ATPase D#EREE T ¥ F5 ¢
EEZ BRI, TDk®, elziverine 13FEMED ATP
OFAREBEL, KRR THLhI LI ATP O
SEETTELTVE EBbhi, £L T, ATP %718
L7z Na*-K*ATPase #\H#7 % 12 Kfifal 4+ o Na
14 vEEREN R X h, MO potential 23K
X, LRI, Naf A VBEGR Y =2 L — 8
&35 Nat-Ca"ZZ#afk S BE L CMilam o Ca 1 A
VOB X D BB fThbhE, T2k elziver-
ine B MFFIZFFRERE L HRE L, BIMCKT5mEE
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Fig. 2 The system of glycolysis
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BEALIRLEELBFTHE EE L b (Fig. D,

Elziverine D M5 O EBER~NOBEEIZ O\ T AR D
L, EERF » I T elziverine (2 MATIZ T T2
BAABAETCEMEEs LV ORENB LR,
ZOFEENABOBMORERE L TREERNLD
CAEVEBOELETE, TOBRELTOABELED
TERETE LR, Thbb, ©LEVERD
acetyl:CoA ~DERZ T HLAE VBT Ve )
>+ —% (PDH) DEERME Lt b7, AV
b acetyl-CoA BNELE XI5 L h EABBELRT
B EEBZON BERYTTET ZEFICOWT,
Ca ##i % ¢ » 5 Diltiazem 12 phosphofructokinase
DEHEALZE L TfT- T 5 & IR T\ 52 Elziver-
ine DOYERBEFF B3 5 SEMEE A 43, Diltiazem &
FROER CHRERETTE IR TV D HEEHE
(Fig. 2).

B DRERDEC ST HD L, FEOED
MIANOBRBE O ZEEAL, BT EERDORE
ETxBE, ToEE, BFEERKI S NADEL
BELTA. LaL%to NADEROREEE L L
T, EAEVBMLLAB~NOERITHONEDILE
MO BHMRIBOEMAEL, AL vBRIIERR
B+ 502 =B bht NADL TCA B
Aubh, ATPOEARCEFEL TV 5, KERICKT
HEERT v b T, BIED elziverine 5 FF D
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BAABIFER SRR L CEREML T Y,
EAE VBN LABANOFERRIZ L - T TCA B4
E7x NAD* OGS, X v ABCThbhTwb &E 2
b,

—7, BB, BEF & b1 TCA BB A& S Bl
o THRBETY XL TW5:E 2 bR, Thb
B, elziverine ¥ 5 L1 IE'EF, BER & iz, g
BeEBLer e vBOBLEENRRD bR, Zov
NEVIBOF LRI NAD*OFEDOEKT, 2% b,
TCABIBOBEETEERL T HREELD 5,
Elziverine 3t 5-DIEHERF, BERH T HEEEIZ LW
LO0, ZOEAEVYRBROBEROEMIXEERLE
Iz bRtz Elziverine 58 ¢, e 58w it
N, FEERDPTTHEL CCA € VBH LB LTHN
EETHoTehdIT, TOLIBEBENELLE
zZbhic,

LasL7edih, Zomfr@Efigorr v vBBE LA
DFFAL, elziverine B EFTLIFER T, EEF
TEBIMELIO~200 DR, BEFCEmES5 ~10
SOMED 7o, chit, BEFCRERFcE~T
X 9 B TCA BB OBEE T AL U T 5 kM
HREE L fo,

SHhiE#gEo PMEcEB 5 &, EEFCiel-
ziverine # 5B 0 T HHEH ERIC MR LN X
Mhote, ZTHICX220BHEAE 2 Ohic, F1oH
HiZZVa—rvhbrZra— 2 1 BBAOTROH
FThHh, WELIDIETIALZ F— RGBS T2
PRI ANOBEBROITTHETH S, LaL, el
ziverine # 58 CILIEE 5B Ho~UC R IMAS o FRAE 4%
HBESEML TS 0G4 2 + — & 1 BEEH
L7y b—ARL-6CH8, bR A EVBADOER
MALA-XZfTbR T EEZLZTREBHTH
Y, elziverine (XM & ERERE TTHE IR TV B L
£z bhit (Fig. 2).

BEZERF 12 35\~ C Uk elziverine 1T X » CTHEIME D 4ER
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o, ZOFER E LT thioacetamide #5412 X - THER
LFEEOREN—B TRV ENKELEb-T
WBEELZLND, SEIOEEFS » b T KICG ik
0.04F01882:50. 18T ¥ T & FOEIIBEALC, ZDk
% in vivo © SATP, PME, Pi7Zc X DHIEEER in
vitro DfF ATP, FFBAAR, cr v vl of

HRFBOFEOF =% v - ok

OMsit 24% 5%

EME S KICG 0REHIE LT ERE I - T
Vo, Lo, 2o &R, ZhboREERECE
BESEUAb s RERFEREEZ DRI, b L,
BEOBENEH—% 7 » P EBRIRCTEhiTel-
ziverine B E W X 5B BENHER TE 5 A REHE AT
{, Thi, SBCBRIhLBEETCHLLBbhs,
BErExbhicb, NMR ORIECEBE I 2o
T KFRBBE R RN OBER, BFHE, LKL UD
EEMREOEKICE RHEKL 3. ¥1, elziverine ®
Rt @B I W B R e o - BRI ATOE
RwBE<EileL BifE T,
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Investigation of Hepatic Energy Metabolism in Normothermic Hepatic
Ischemia —The Effect of Calmodulin Antagonist on
Normal and Cirrhotic Rat Liver—

Minoru Izu, Toshiyuki Sumita, Hajime Shiga, Yoshimichi Omori, Takeshi Nagao,
Hideaki Saitou, Nobuhiro Kawano and Yasuhiko Morioka
First Department of Surgery, University of Tokyo

We investigated whether the calmodulin antagonist, elziverine was effective in improving the survival rate
after hepatic ischemia in normal and cirrhotic rats. We measured ATP in hepatocytes by HPLC and 3'P-NMR to
observe the effect of elziverine on the hepatic energy status during ischemia. ATP in hepatocytes of the elziverine-
treated group disappeared more rapidly after hepatic ischemia than in those of the untreated group. Therefore, the
potential of the hepatocytes was maintained, and the survival rate for normal and cirrhotic rats after hepatic
ischemia was improved. Lactic acid in hepatic tissue increased before hepatic ischemia in the elziverine treated
group, and elziverine inhibited elevation of phosphomonoester in hepatocytes during ischemia. It is possibly that
elziverine promoted the system of glycolysis during hepatic ischemia. Elziverine was effective in improving the
survival rate after hepatic ischemia, through promoting glycolysis and resolution of ATP in hepatocytes after
hepatic ischemia.
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