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The Effects of Gabexate Mesilate on the Ishe-
mia-Reperfusion Injury in the Rabbit Liver

Young Do Shin, M.D., Sang Mok Lee, M.D., Young Gwan
Ko, M.D., Kee Hyung Lee, M.D., Suck Hwan Koh, M.D.,
Sung Wha Hong, M.D. and Soo Myung Oh, M.D.

Purpose: Ischemia-reperfusion is an important pathologic
process that leads to impairment of the liver after major
surgery. Ischmia-reperfusion injury includes both hypoxia and
an inflammatory response associated with reperfusion; the
former is caused by the lack of microvascular perfusion and
the latter is mediated by cytyokines and oxygen free rad-
icals. In addition to inhibiting thrombin, plasmin, kalikrein,
trypsin, and neutrophil elastase, gabexate mesilate also
plays an important role in inhibiting cytokines and oxygen
free radical production. The purpose of this study was to in-
vestigate the effects of gabexate mesilate on ischemia-
reperfusion injury in the liver.

Methods: Twenty-four New Zealand white rabbits were
divided into three groups. Clamping was not done in group
A (n=8), although it was done in group B (n=8) and group
C (n=8). Group C received intravenous infusion of gabexate
mesilate (10 mg/kg/hr) continuously during the process of
clamping. Serum alanine aminotrasferase (ALT) and purine
nucleoside phophorylase (PNP) were measured immediately
before clamping, following 30-minute ischemia, and after
60-minute reperfusion. Hepatic tissue adenosine triphophate
(ATP), xanthine oxidase, and malondialdehyde (MDA) plus
4-hydroxyalcenals (4HA) were measured after reperfusion.
Results: Compared with group A, group B and group C
demonstrated a significant increase in ALT and PNP levels
following ischemia and reperfusion, as well as in xanthine
oxidase and MDA plus 4HA levels following reperfusion.
However, ATP levels showed no significant differences
among the three groups. ALT levels were significantly lower
in group C than in group B following reperfusion (P < 0.01),
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although there was no significant differences in PNP lev-
els between them. Xanthine oxidase and MDA plus 4HA
levels were significantly lower in group C than in group
B (P<0.05). The results suggest that gabexate mesilate
inhibits an increase in ALT, xanthine oxidase, and MDA
plus 4HA levels.

Conclusion: Gabexate mesilate inhibits oxygen free radical
production of xanthine oxidase, and results in a reduction
of hepatic ischemia-reperfusion injury. (J Korean Surg Soc
2001;61:553-559)
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o 7b4 e Qi qek. 7o Hde] ARHY 7
A1A A Zol| 9l adenosine triphosphate (ATP)S] YH =
HolE A Y inosineo ® At FEFED
A Eol| A= o]#] 3l inosineo] purine nucleoside pho-
sphorylase (PNP)ol] 2]3l] hypoxanthine©. & t}A] 3= a1,
AF77F Loj} ™ hypoxanthine- xanthine oxidaseol] 2] 3l
xanthineZ} A4G2|7] 5 AAsA =}h(9,10) 4527
WHTE §o] YoHES HAEAS FHE =
b (1) AT AR BARAD0ZA AL T
& AHABA THERh)

ARd3 54 WBWenZe A8 oHlE A8

32 9+ gabexate mesilates=

rlr

trypsin, thrombin, plasmin,
activated factor X, kallikrein, neutrophil elastase 2] serine
R E A AAh3-15) 7+ -

ol|A] gabexate mesilate®] FHIlol] THIF K 3o 4*]—‘14
TNF-¢ o] A4S AsAA HET 435 A
wh(16) A7) & A e ARt AL S S7HIAA
! XHJJrE e U0 ssieka7)

AAEL BE7|9 WX Ao g gabexate mesilateE A
2l o) HY AR 4 Fkelel, Wajo]
A 7+ ARAE £49 A9 alanine ammotransferase
(ALT)S} FRFED &40 Ak PNPE FA43kaL, 7H
ZZ | A+ ATP, xanthine oxidase, Lg] 3L Kﬂ:}_ 2 A A
s} A3y} A9l malondialdehyde (MDA)S} 4-hydroxyalcenals

IS

(4HA)Z ZA3s}o] gabexate mesilate7} 7+e] & &-A)5
4 AR 2Y F IeA dotiuzt it

= B
1) AE S8
ok Ak glo] A& 2~5 kg A X 2] New Zealand white

rabbit & 24ulg] & AL} A& A 24X 7F Tk & F
o Aeslae w2k

2) ME AE
7+ 33 8U}ﬂ‘4 AF-o. 2 o] Addsglon, Ay
e 0587 A9 S5 = 6057 AN A%
, A 1_% SAP-Ar S48 A & e N ERE 3§
ok AT g2 SEARFA AN 10 my
kg/hr2 Al FQJstglsr, AT 2 49 AN}
gabexate mesilateZ 10 mg/kghrE E3}tslo] Folslict.

3) AlE
BEE EIE

2

o)

£ ketamine hydrochloride 25 mg/kg®} xyla-
zine hydrochloride 1 mg/kg?] Z3HA1E FTHFA sl ul
AL, Aol LAEA FARHEE 3] fel £ &
27t ZAE e FEU oA Agsldvh. 2715 4ok

2 w3 AlolA g% Florl 24-gauge R EHH O
AulE g stHsiy g Flolle Tl AL¥EE
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sodium .2 E7|E 3| YAA 7+S AEslglon, o3
B=100~200 mg AEE AHslL /}l—’_-“,—ﬁ] °l,4g]—75=li“—§i
o] Yol —70°CE < W& ¥ B, A= 10%
formalin -§-Hol] Yol mA At}
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5) &8 ALTS| ¥

ALTA A ZEEA7](CX-7, Beckman, CA, USA)
ol-gsto] A EAsIR L, A=
(IU/L)E FEAskA

international units/L

6) 3 PNPO| £H

Guanosineo] PNPol] ]3] thAlE] &= #A S 0] 83 Glantz
o} Lewis(18)9] b o2 PNPO] 352 2439} 40°C

ollA] 0.2 M potassium phosphate buffer (pH 6.3)e1] 7]l 0.2
mM guanosine 2.5 mle} 7 A 0.1 mlE H7}slo] 2 4L &
Ape] A B335 % Al(spectrophotometer) & -4—7]- 252 nmol]A]
30 7HAo g 387 5o wHItE =A%t 49
A X = bovine albumineS T chlZ 2 Al Lslo] 13X}
1 mge] A o] £HA7] guanosine®] 9o 2 eI,
9] = nmole/min/ml serum .2 FA]5F3ch

7) 2t XL MDA} 4HAS| £HX

Z7]-& 0.1 M potassium phosphate buffer (pH 7.4)0]|
gt & Hafslo] 10% T4 M (homogenate) O 2 HHE 3L, o]
Aol 0.2 mlE do] FHALEEA] A of] W3l colorimetric assay™
LPO-586"" assay kit (OXIS International, Inc. Portland,
SA)E A&ste] 586 nmol|A] zkelA EFFEAE F

C ol rlot



AT Q| : Gabexate MesilateD} &) 210] ola-TH&S

80 DIXl= Fg 555

a)

FEE =439} Dl-°]“ bovine albumineS ¥ & whu
AR Agsto] il 1 g o E3kE o] 9l MDAS} 4HA
9] ok nmoleE 472,*]—°§J$]-

8) Zt ==L} xanthine oxidase?| A

Xanthine oxidaseol] 2|3}l hypoxanthine2 xanthine 2. &,
xanthine® QAo & A3lEE AL o]L3) Stirped}
Della Corte(19)2] H}*ol| u}g} xanthine oxidase®] A =&
Z2A3}3r). 0.1 M potassium phosphate buffer (pH 7.5)¢]]
717 ¢l 0.05 M hypoxanthine¥} 2 &}s] 3] 4% 71 2ZHG
A 7kslko] 25°Col|A] BHS-A] 7] ©}S 12% trichloroacetic acid
2 AR 7] T JA R slo] AZolg odojA] z}e|Al
HHAEARE 2 292 nmel|A] FFEE FAEUYt &
49 #FAE &= bovine albumineS F 5 thelA 2 ALL3}0]
125 1 mge] ko] AHAZ 94ke] ko= Lhehy
9, ©+¥+= pmole/min/mg protein® A} Th.

9) Zt ==L ATPS| £F

—70°CE W% B35 7+ 23S AA Ego] wE 7}
Z.E 12% trichloroacetic acidel] Wo] A& SroljA] #FAI}
A7) 3L o] & 0°CellA] 10,000 g2 1587F WA A Ee] 3t
t}. o] Al 0.5 mlE ¢do] ATPAI G kit (Sigma Chemical
Co., St. Louis, US.A)E A83}o] 340 nmol|A] #}£]A H
AT AE ATPE =439t ©+9 = bovine albumine
2T AR Agslo] A 1 g ATPO| <k
pmoleZ AA 9]}

mlo

10) Ha|x== HAt

X

10% formalin® & 34% 7k 22& &
steblo s Tolelgieh. TolE ERO
Zre} Al hematoxylin-eosin® & g3k & 3|
2o HeE B el Wl Bkl

1) 84 24

HAA Ane BIFETLIEFLHOE FA IS
v, EA| 5 AL SPSS for window 8.0 Z & 138 o] 8314
t}. Wilcoxon signed ranks test-S A]-—Q-”‘Poi ZF ol A €] A
ZheHH ALTS} PNP 73k Xol & ZFslal, =
I AP Hdke Aele H]—r—‘lj“zﬂ Wl Mann-
Whitney testZ B|3Z FEAslgorn, §o7344 5L P<
0.052 3}3ich.

[
icT]

) 88 ALTQ| H3}

AgT NG 24 A, ARF A%

9] ALT HF3k2 43.6+£9.8, 45.1+11.8, 48.8+8.4 IULE
A|Zke] ®igtel] whE Aol @itk =TI Al
A|ZH ALT 77k 42 43.7+16.5, 155.3+57.1, 816.6
+161.5 TU/L9} 49.2+12.5, 126.24+47.2, 293.6+99.9 IU/L
B R T B AR Wl uiel SAH SR fo3 X
ol7b 9igich. ABHF A ARF 608 FolA tizF
I} A Fe AAFHL) EAH R S8l A =& ALT
FARE BYek APAEE H2FH ARTE vlaet
AR AR A= F L3 oI’ Zpol7t glgl et
AR5 60 FollAe AHTe] ALT H ko]l dA3] &
9kt (P=0.000)(Fig. 1).

2) €3 PNPQ| Hig}

AlZk A4 PNPO] ke 3.89+0.58, 3.8810.48,
405+043 nmole/min/mlZ A]7Fe] wW3tol] ulE Xpo]= ¢l

AT, WzFI AT HSE 27 3894078, 4.55
+O48 5.2440.53 nmole/min/ml2} 3.82+0.66, 4.47+0.61,
5.19+£0.40 nmole/min/mlZ F - B A|7He] H3}o]| ul &
Solat Aol % ehigleh. ARF A4 ABE 603
FollA dlzrd AREe BATRY FAGCE 9
stAl 2 PNP ks HAA, tzast Ada7he
PNP HFhe BE 9ol §918 Hol7} $iieiFig. 2.

3) 2} XL MDAQ} 4HAQ| Hi3}

¢ zF oA AAT- MDAS} 4HAS| 3 #7k-2 129.5
51.4 nmole/g proteino] ¢ 3t, HETF HIFZhE 3402
94.0 nmole/g protein® & AAFFol| B3l EAZHoE &
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g. 1. Mean differences in serum ALT (alanine aminotransferase)
levels after 30-minute hepatic ischemia and after 60-minute
reperfusion. Sham indicates those animals that underwent
laparotomy without hepatic ischemia. At 60 minutes after
reperfusion, ALT levels were significantly lower in I/R
with GM (ischemia/reperfusion with gabexate mesilate)
group than in I/R-only group (P<0.01).
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Fig. 2. Mean differences in serum PNP (purine nucleoside pho-
phorylase) levels after 30-minute hepatic ischemia and after
60-minute reperfusion. There were no significant differ-
ences between I/R-only group and I/R with GM group (P>
0.05).

400
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Mean MDA+4HA (nmole/g protein)

0 T T 1
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Fig. 3. Hepatic tissue MDA (malondialdehyde) +4HA (4-hydro-
xyalcenals) levels after 30-minute hepatic ischemia and
60-minute reperfusion. Liver MDA +4HA levels in I/R
with GM group were significantly lower than those in

I/R-only group (P<0.05).

-
[l

317 =9kl AT MDAS} 4HAS] HFZhS 203.7+57.8
nmole/g protein®. 2 K}l F2l8A ‘9} Fch(P=0.03)
(Fig. 3).

4) 2t ZZ|LH xanthine oxidaseQ| 35}
7+ z2Z oA 75"“-:1’- xanthine oxidaseSl] 3
0.063 £0.008 zmole/min/mg protem.?.i 78’8‘:7}64] vl sl £A
Hog FoetA vl AT xanthine oxidase®]

Zk-2- 0.048 £0.004 mole/min/mg protein & & 2T H} &
ostA Yekeh(P=0.01)(Fig. 4).
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0.00 T T 1
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Fi

g. 4. Hepatic tissue XO (xanthine oxidase) levels after 30-minute
hepatic ischemia and 60-minute reperfusion. Liver XO
levels in I/R with GM group were significantly lower than
those I/R-only group (P<0.05).

0.30

0.20
0.10
0.00

Sham I/R with GM

Mean ATP (umole/g protein)

Fig. 5. Hepatic tissue ATP (adenosine triphosphate) levels after
30-minute hepatic ischemia and 60-minute reperfusion.
ATP levels showed a higher tendency in I/R with GM
group than those in I/R-only group, but they showed no
significant differences between the two groups (P>0.05).

5) ZF ZEIL} ATPQ| Hig}

7F 2R o)A AATF ATPS] 3 FZkS 0.267+0.038 1 mole/
g proteino] 131, a3t AgTe] Hdgke 44 0.241
+0.038, 0.256 +0.047 mole/g protein . & A AT EAH
o7 o3k Aol= flAchFig. 5).
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7kl SE-A D5 Egol gk B ] EEAY
WEo 2 W MAE ALl £ él°4 A= B
S Agslg e, 1 ol EvvE 7 g 9A Ak
st & A, 7o) FdE = S WS Fotkod
FAE ubg AFHE o ukg soig el F el 27
ulFolch. E3F 2 kg ofsl Evlw whH FWFe] wlEst
E3L, 5 kg o] B 7F F el w} 70% 9 ¢
PE7t Evhe 8 2389 A3 ur% nje ] 2~5

kge] B71E A&slg)

o ke B3 Y 7|7+ 6002 *}oihﬂ], A RS
o] ofu] AdollA e 60%e] HEE FE3 A3 A2
el B=rl9 3] Ae] Wk, H¥E 717he 30Eo® 39l
= Wl A ALT7L 27 455 AoE Hot 3089 ¢
¥ 717t 2 E S E-ARF Egol FEHo] gelxlo] #
o 717+ 30802 Adsed)

Gabexate mesilater A YA oz HAA7} 5HEA
P S1F X Fel ALF I e LF b

H2 AAZA (314 WE BE AG DAelAT 7]
NP ABF £4E PARGD Feid ek 2 Aol
el A AF7HA] GAasA AYE AL YIARE gabexate
mesilate7} Aol E7}¢l, E3] TNF-¢2 M-S AL
2R wid o] FAE AARIvhe FAR ALfEY
o] S AAFe 2N AE E4E EQ1vke 7ol 7}
7 ARk Q)e}(16,17)

248 8 Al S A8sZo] WAlstel A3
Q1 A3} (oxidative phosphorylation) Z}A o] #|sl%]| 7] ul] ol
ATP A o2 X £4do] et dok AF7} =9
YA AE £49 Ao wheh ATP AFAo] Yol
4E 93 294 g S5 ek BE QA7 B oot
WA S F ABFA ATPY 3% SR 279l 4
Wesl A4 Re AEE AR AR A48Y 4
Ak sFeivh(21,22) AAES AfddlA = AT 604
Foll ATPE ZAsl el 3089 s8& fE3 v=d
3 ART B AR 93 Ao|rt REEA b
Aoz Hol, tzyd AP 7 2AL Ad{ F
ATP AgA o] AFH oz 3 EEAS vlgict. wH
Kol oJsld ¥ 7|7ko] 45 o]4o] xojof ATPY
Aol dojubAl b w7k Al E4o] xefigicta
gheh(10,23) ¥ AgollA = 45% o]l 305 §d 7|7t
o2 Adslgly] wiitell 4ol 7t elgt APf{ Foll
ATP X7} AAAo g 3EEgon, PJasu|7doz
B3 Wl z2] HAAAE BT Kol gk
Er} opule $8 7|7bo] 45 o]El]l Aol Hd 7]
ZF &bl ATPE FA ok & Zolw, 8|8 7]7ke] 45F

o golel 8 A7 Fotolt AHF F
sol = T Aoz ARH.

PNP+= inosine2 hypoxanthine & 2 H-#|A]7]= LA EA
& WAt Kupffer AlE£2] A2l ER|3HH(10,24)
Rao (100l Sl PP 11303 sl 1) &
Aol Ulsh £-88 AF Bk opieh, ARF F 2ke) 7]
54 3U% A48 4 AL 458 AT sl
Akl Aol 308 HHE FER el A4
Foll vlsh $18 = ABF F 2Fel4 PNP F27h 9]
A Z9kaL, gabexate mesilateS F-of gk A ¥} wh=s]
Y- PRke 23 2T o3k Aolv) i
DA ke ZloE Hol gabexate mesilate7} E 2ok 3-9]
4 WA 3da 4% Ak A 60
Fol|A] AdTe] ALT7} FH"‘—TL°ﬂ ]2l A sA A8}
Ao 2 Hol gabexate mesilate7} 7+ AR A E ] =42
Agkeka & 5 Qeh
AR ks AlE S digE & deidl VAR
A, Alzete] vgEE3t Aol #HAHSkET MDAS
4HAS AAsl7] wliZoll MDAS} 4HAS ZA3to] A
Fizte] A x2 Ag gheh2s) AafElrle oig- vt
Aol Z WIVIE ZHA AL 7] wiell AtarElv]
£ A FA3E AL ok 2HA {7 AAA
(radical scavenger)E 087 1},(26) gluthathione(27) ¥+
MDA(28)¢] A1} 2 ZHAQ W o s A&7
A2 293 St B Aol MDAS 4HAZ =7
o g AE £ FEPT ofve} Aafel e} ¢

S ARF 43 DAL Folruz stk

Y- EdedlA Aafelre] B wifee
342F WIAE2 xanthine oxidase?} #AE€ L NADPH
oxidase”} ¢lt}. Xanthine oxidaser= AAH o 2= 71 4,
& Adko]] xanthine dehydrogenase] HelZ EAs}A| Rt &
A3} 2L o]l Q9lol] 93] xanthine oxidaseZ. ¥i3}% o},
allopurinolel] 2]3} xanthine oxidase2] A2} N-acetylcysteine
off o3k ghabst X grh Wi 24 g A E4E o
ASLE 2, AN F £ ol lge sk A
= ME7} obd HI|A|E2] xanthine oxidaseol] o]l A
xél 1;}_—,7_ % 9)\;].(29) 2 ;azqsm ogT o.]o:‘ zﬂ,\,}
B $£Abo] whAlEl= A4 7} xanthine oxidase7} EANSlE=
A1 7- 7 vl (central hepatic vein)@} TR E I Fa+= A
42 o] & T FrhG0) WE ol ol == vA
A} &40 F93F oz wE S NADPH oxidase Y.t}
% elastaseo] t}.(31)

B Ao 7F FlE AekgE tjzgo] Aol vl
MDA +4HAZS} xanthine oxidase®] X7} F2lslA] =7}3k
Aos vof dEgald SUALE Sl FUTS
o olAe A% WAL WA A5E Avtie

I ¥ 4 v} Gabexate mesilateS F-oigk Ago| th=

ol ufjol] 4
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ol B]s] MDA -+4HA$®} xanthine oxidase®] X7} 9
Al ZHAslgd o B 2, gabexate mesilater= AHA-F-E]7] AY
A& JAlsle] dE-ABF{F E4E EQck & F ek
a8} wE S NADPH oxidaseol] 93t A4§-27] A
A A S 23] wiAlst gFA] xanthine oxidase 2] A|el] 2]
A AafeElr] e AR & e gl

Hisama 5-(32) in vitrool| 4] gabexate mesilate2] F =7}
20x10 * Mo|® TNF-¢¢ A4S JAlstx, 10 *~10 °
Mo| WE T elastase®} MPBF Abafrel7] o £ulE o
Algkela Barsl9dr}. gabexate mesilate2] WF7Z7|7) 722
3 7MARE o, B Ao AE3 gabexate mesilate2)
5l 1.7x10 ° Mot} o] EXoA]t wlE L clastaser}
WP T AafEl7] e FulE dARIAE XPe Aol
oful’= TNF-¢9] AAE AZHS Aoz AZdEy
TNF-¢ & ZFA31A ot T8 v At et A
59 A¥y 7 FEE gabexate mesilateE AM-E-3F
Jung 5(17)9] H.aie]] 2]s}w gabexate mesilate?} TNF- ¢ 9}
o] FAlE WA gsta FE ALFETE JASA
st 345 S7HIIE T AR 7e A7
otz st A RS2l AgoA AL3 gabexate mesilate
BEEt WyT g A4S ASANA B
vl g8 ull, gabexate mesilatet= xanthine oxidaseZ <A
Fo 2 Aty e AAA 71 HE-A
& EQvka & 4 ek e X3 AdelA TNF-
Z2Aslo] TNF-¢%} gabexate mesilate®}2] FA|=
HA Tt ol Aeg AgEch

£ ol

b oo
U ox |

o
[¢

ko

E =

A F3ke] A% MDAS} 4HAE AbafeEl7] e &
ME ez dHFE Z o &, gabexate mesilate F-o]
Toll A MDA®} 4HA7ZL F-o3A] ZhaEe] de=dl, o]+
gabexate mesilate7} AA-f-2]7]eF WAL WAE THA
92§ A|A}3lt). rE3l gabexate mesilate S0 o]]A] xanthine
oxidase = F-2]s}A] ZHAE|o] Qo= Z gabexate mesilate7}
xanthine oxidaseol] 9|3+ At&-G-2l7] BAE AAlsto] HE-
AT E4e 9% E 5 gk

WA £ AEQ] PP} 7 AAAE 49 A
%9l ALTE =43-S ol gabexate mesilate F-o] -3} )=
78] PNPof| glolA] f-23k Aol figlor) gabexate
mesilate §-of Fol|A] ALT7} §-29l&}A] Zt4= Ao 2 Hol
gabexate mesilate7} F R ¥ £ WA SLA = Ko}
Ak 78 AR ZEA gk A S el gt
=t

AT 604 Foll AFHEF 7+ =2 o 2 HE] o3 ATPS}
ez AAdA AT g 2y B Z4Td Kol
7} glodel, ¥ 7| 7ko] 453 o]o] x| ojof u]7H A

rlo nfo

o
A% YL AR £42 FE] A3 ¥
8 710 5% oGO R A, HY A7 Fuhell w2
AEUE A% Y FE AL Fol/ AN B B
YA A GRA Aolol] $3N2E Wl Fr BUL
Aok & Aoltt. w3 NU-AMRF £49 Ao
u &

S} .
FERE 9l E TNF-o9) IL-13 22 Alo]E7}elef T
gabexate mesilate?] &% v Yol B Aog AFH
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