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Abstract : The possible mechanisms of increased glyoxalase I (GLO-I) activity in cholestat-
ic rat liver and serum were studied. These hepatic and serum enzyme activities were determined
from the experimental rats with choledocho-caval shunt (CCS) or bile duct obstruction (BDQO). The
Michaelis-Menten constants in this hepatic enzyme were also measured. The activities of hepatic and
serum GLO-I as well as the Vmax value of this hepatic enzyme were found to be increased signifi-
cantly in both CCS plus taurocholic acid (TCA) injected group, and BDO plus TCA injected group
than in each control group such as CCS alone and BDO alone. In addition, these serum and hepatic
enzyme activities did not change in both the CCS plus tauroursodeoxycholic acid injected group and
the BDO plus tauroursodeoxycholic acid injected group. On the other hand, the value of Km of the
above hepatic enzyme did not change in any experimental group. Above results suggest that TCA
induce the biosynthesis of GLO-I in the liver. The elevated activity of the serum GLO-1 is believed
to be caused by the increment of membrane permeability of hepatocytes upon TCA mediated liver

cell necrosis.
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2 XA A A2 A £ 2 2-oxoaldehyded} U F
glutathione2 Z ¥ A] A glutathione?} thiolesterS &
AA e B8 Zustch(Racker, 1951; Mannervik,
1980; Webb, 1992). GLO-12 Z 5589 o =
Z(Han et al., 1976; Mannervik, 1980; Stohlmacher &
Haferland, 1980; Hayes ef /., 1989; Thornalley, 1990)
I A ¥ (Uotila & Koivusalo, 1979; Mannervik,
1980), ¥ & 1L(Gillespie, 1979; Thornalley & Bellavite,
1987), & #H(Di Simplicio & Mannervik, 1983) Soff &
Zeo] glon Ztols XA A= otk
(Elango ¢ al., 1978; Marmstal & Mannervik, 1979;
Hayes ez /., 1989). GLO-19 2|3 982 YA
ol M BAHAY ZUAldol &5t 9
2-oxoaldehyde & 3t 7} 2] 2] methylglyoxalol 33
glutathione& 23 AlA (R)-S-lactoylglutathione & A}
47 o 24 methylglyoxal?] £42 ¢lofj= Aot
(Mannervik, 1980; Thornalley, 1990). 2 methylglyoxal
ol £4& et 2 & methylglyoxalo] ¥h-&/do] &
43 carbonyl7| & & 7} ZHAIL 9U7] wf ol A W
oA thiol 3}3HE 3} wh3sta] Al F4& AA5te
methylglyoxalic thiolester® A4 #A| 37| wjFojr vt
Z o] GLO-Io] methylglyoxal& AJ A} Wzl A| 7] 0 2 i
3 E4-& Qo= A o|cHMannervik, 1980; Thornalley ,
1990). 281 o] A FoA GFSA| 7t oF71 € Y
S o t2A T RN I BRI FUHEE AL
2 e A Ao &S 9, 1995). 28y GEEA7
o4 GLOL SHEY 27 7|4 E 757 Hk of
A ek AR YA ol & HA W aLRA TE
EALANY BAE HF 7)Ho] AR HHA e
2L arylesterase @} carboxylesterase(3H &1} 71 o 3],
1997 & 1998), cholinesterase(Hr4 2 3 23 4], 1999),
monoamine oxidase ¢} catechol-O-methyltransferase
(=39, 1998), alcohol dehydrogenase, catalase, micro-
somal ethanol oxidizing system @ aldehyde dehydro-
genase(41 2] %, 1998), arylamine N-methyltransferase
¢} thiol methyltransferase(©] ¥ <, 1999; o]y &3} =+
&4, 2000) 5ot} & o] & £ arylesterase, car-
boxylesterase Y cholinesterase(Z &A1} o] =¥,
1992), alcohol dehydrogenase®} catalase(Z2 4} 9],

1988), monoamine oxidase®} catechol-0 -methyltrans-
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ferase(F 0 A1} Z& A1, 1989; Mun, 1996)= 52X
oM 2 BAHE7 gase Aaoy, 1 7|42 &
ZEAZ T AE LHOH Z7}= taurocholic acid7} ] &
a4 FA4E dAste ARG g, 1997 &
1998; =&, 1998; 410|174, 1998; vhA 7 1} &4,
1999)0]oj mlo] 3 2 £ ethanol oxidizing system Y
aldehyde dehvdrogenase(Z&4] 9}, 1988), benzoyl-

=

“transferase®} phenylacetyltransferase (Kim & Kim,

1999), arylamine N-methyltransferase®} thiol methyl-
transferase(F Y, 1998)= &2 A 7t A 1 A7}
F7HEH 2 71HE GEEAE HAZ Yol F7Hd
taurocholic acid?} o] & &4 9 TAE AFZ3cH(4ln)
4, 1998; 0| %, 1999; o] &3} 224, 2000) Aol
o @A GEEALNA 1 BAAET MEEHE &
259 & A taurocholic acid?} oj@ ZHE el

AE gotdictd GE LN 1 BHET} HE

Z2 A7 .
of dFE BESALAA 1 BHET F7hE
GLO-19) E4 % 71 714g ¥o} B fjsto] A3
stglen, HolA S 2F2 g3 o 4(bile duct
obstruction)& A7 A% T = &3 JANEG
(choledocho-caval shunt)-2 A 7] A Lo GZLH 7o
A e ALY HAES HEA7= AR
+ taurocholic acid (Ogawa e al., 1990; 714 =+
3], 1997; 3t 33} 7o g, 1997 & 1998)&}F 7
Ao &S v AR Gethe tauroursodeoxycholic
acid (Ogawa ef a/., 1990; A4 =3 7o 3, 1997; §t4
3 A3, 1997 & 1998)F 7zt Ao A& ol ¢
B % AAYeR 83T 7 AZA Yol GLOI
o ZHEE EHsts W o] 7 A EA EFofA o
49 KmA ¥ VmaxX| & &435tgch o] 4d
taurocholic acid7} 7hollA] GLO-19] §4& §=3l=
A2 AZE = A4HE 237]o 1 48 B1dt=
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F] ol 4 Taurocholate §-8}of 23t 7+9] Glyoxalase 9] &=

Methylglyoxal, reduced glutathione, S-lactoylglu-
tathione, taurocholic acid (from ox bile, sodium sale, ©]
3} TCAzZ} 8}), tauroursodeoxycholic acid (sodium salt,
0|3} TUDCAz} §), GLO-I (grade X, from yeast) %
ol 2 3 290(10 g/100 mL bovine serum albumin) &
© Sigmark(St. Louis, 0]2)9) A E& A}Eat9l 00
29 AUk Ak AW 5F EE ARES A4S

shelnt.
2. £8 U Hx

ER0 4z ol e 2ALE ASE A F 280~

320 go| ¥ += Sprague-Dawley3 9] 23 & Al &351%H L
o 12 5ohe 2 stol g 2ol 15722 eyl
5. 12

& AAZUD), ASeTe 4 $ 1Y 9 2d

g g4 ¢ 37 TUDCAS F3t
I AF A3 Ogawa e al. (1990)2] L
TUDCA(H = 100 g 45 ymol)S At A o
gt = 19 E 2ol 2+ AP AIT] HF 2T)
QL FEH HAAET S 3 2 T A
S8 T 1Y 9 2o 27 YA H(F 2
5 ol 233k A TCAE F%

o & =2
bu £ g rlo

el

o4,
1=
lo Ao

=
1424

{29

Ogawa e al. (1990)2] =}

= %
w2k TCA(AI% 100 g% 45 umoD) & At 4o}
)

O:

— u
it W 5231 215 Ogawa er al. (1990)2]
o et TUDCA(AF 100 g 45 umol)E 9

1Y W2l 22 A BE 2D 2 oY
o},
7 AR A 2 Sgstgon 4F Ao

W

AU A AW Z92-E medical grade sil-

Nl on, el e
2 TUDCA o] 44
W o &9 syringe pump (model 341A, Sage
instruments, Cambrige, U] =)& AF&3to] 15 &2 3

AR

3. 255 U MEZEE

cther 5} sof 4 A|B st Ao BB EU R Y

Nste] FHE AEAAF Y. 22| 1e FEW A
3 3 4 79 0.25 M sucrose KO 2 HE23510] 7ho
ol ¢ HAL AT cf-g 7HS A& HE3
He HE2 #5538 ourste] 7o do}l QW sucrose
NS 7H5 3t 3t B = A A AT

SHE A3 Yoo YHEs o YL A

Teflon pestle glass homogenizer (Chamber clearance,
0.005~0.007 inches, ThomasA}, B|=H) 2 2~4 T& &
A st A 400 pm Q) £ =2 A A 53] G b4
3t 10%(wiv)o] 7+ 24 F A NS HEUT. o] T
AN R =2 H3lo] sucrose density gradient Y4} &

H(FEAn ZY 4, 1986) 22 A2 BEg Rst
et 2 o] of F A NG 571 X g (average relative
centrifugal force)o| A 10 B-7F YA B a]s}o] 22 9] 0]
opa 22, 8 9 AP AY BES AAS o5 T A
HE 7,796 x goll A 2087 LA E 2 stof pellere} 4
AHS G o] HAFNM B2 FHANE thA
104,400 x gol| Al 1A]7F A & 5ko] peller®} 47g A
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Adoloo o] ArHHS M EA H3loz ALy

ot

Hel Az 2R oA LE 222 2~4 TollA A8
5t91on of uf A-&3H Y418 27|+ Du Pont Sorvall
AHNewtown, 1]=)e] RC-5B refrigerated superspeed
centrifuge2t OTD-65B ultracentrifuge 3 ch. o] AF-&
B} rotore= Du Pont SorvallA}2] SS-34 2l 'T865 rotor3)

GLO- I 4% 248 a4 A8 24 = &% 7
Az 2L A AGO 2 S mg/mL7}t HEF 0.25M
sucrose Aol A A ALg-sHol ot

Y41 7 424 299 GLOIY BHE 24 L
A 29} 7 methylglyoxal T} reduced glutathione-2
7| R AFESHO] 30 TollAl 287 B A7 = F otk
M35 S-lactoylglutathione-g 240 nm T}AFo) A H] A4
sto] A9 B e E AFESH= Racker(1951)9] H o
stlon ZAHE w= 127 ImLe 84 £&
I mgel S go] W& sto] A4 S-lactoylglu-
tathione& nmol = e} ¢l T}

ol AEoIA e Ao PHE 2 HBES
%0]7] flsto] 22 A5 of disto] 23] 24t 1 ¥
AE Hotglh o] AdoA G4 BAE S A
43t 2335 A= computer controlled enzyme spec-
trophotometer (Cary 210, Varian, Paloalto, 7)) it

lo

F#J

6. Kmx| 2 Vmaxx|2| &H
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TE I 2Y ANt REAETY Y £E 2

A ZET GLO-19] 7] A & methylglyoxal& A}-43}0]
A Qo A\ ol g Az ¥

A2l GLO-1 4 SAHEE
28y 27 9-g £29 A(IMYRE, 221 7]
Aol 22 8Y 714 529 A4(1/[S)X S AArst
o] o]F 4% (double reciprocal plot)E 2= 3 o
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o2 2 2 KmA| ¢} Vmax*| &
act.

AFZ(Segel, 1976) 3}

7. e M

B4 AR 29 gzl Feko (0.5 M perchloric acid
9} methanol-ether (3 )o 2 k22 A A5
+ Greenberg & Rothstem(l957) HOE G4 A8 &
o] thul A8 A A5t c}-2- biuret (Gornall e a/., 1949)
oz Qs

8. 4% A%

0.0 AA L Student's t-test 2 3} 0 § 9]
L.0.05 o]} 2 319tk

AN

Lol ST HYWES T S Mot o
ZHH AlzZto] Z+ L EHo| GLO-I B0
Dlxls 23

—_ OO

HolA FHB FAWELL AAL W 7 HEA
283 249 GLO1 YL BAH 02 goat
WSS b A ogreh 2eju Aol A ST 4
B AR W 2 AR 223} 8Ho GLO BHE
L BARHOE §o3 S Ueridth & 24
24 289 GLOI B4 EE $HB WS A7 32
A A7 AN FHToU s Rr T

of o 24% (P<0.05)%) F7+8 et on], B4 9

GLO-I BHEE 398 42 A7 F 29 4347
oAt AAFF Rt oF 88% (P<0.01), 7} %?—E
the oF 82% (P00 7HE Weh gk, 181
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BE WE Ut FYV AHE AUReIA o] 52
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ohEG O F BE 54 T 1Y FIAAS g 2
ATAZE o 73 R o] Ha BARE o 571



Z ol M Taurocholate £-3}o)| 2 &+ 742 Glyoxalase 19} &% 5

shelr 2l A5 $9142 QgithTable 1). AolA Fud A YEY B ST A4 A2
| AT TCAZ FUAA 19 9 29 AL o) 2 4]

2 H0lM SEHE HHUSS L BB MY Al 23 283 @49 GLOI B4 EE ST gy
TCA £ TUDCA 59j0] 2t ¥ 849 GLO-I  23% A7 & EE ST A4 A7 2o vl8 §
Mo 0l3lE HE AstHoz golgt 5718 vyl 2 393 o
HUET A% TCAS 294712 12 ¥ 29 A2

Table 1. Effects of time and model of biliary retention on liver and serum glyoxalase I activities in rats

Glyoxalase I activites

Experimental
groups Liver Serum
(nmol S-lactoylglutathione min”' mg protein®)  (nmol S-lactoylglutathione min* mL")
Normal 676.7£94.3 587.8+192.5
Sham 1 day 677.3+101.4 605.4+204.6
Sham 2 days 674.1 £100.8 604.5+197.8
CCS 1 day 687.4+104.2 676.21213.7
CCS 2 days 698.5+106.3 728.5£221.5
BDO 1 day 721.6+102.6 879.7+234.8
BDO 2 days 836.4+113.3 1,102.6 + 252.5

The data are expressed as mean + SD with 5 rats in each group; Sham 1 day or Sham 2 days: sacrificed on the
Ist or 2nd day after sham operation; CCS 1 day or CCS 2 days: sacrificed on the 1st or Znd day after choledo-
chocaval shunt; BDO 1 day or BDO 2 days: sacrificed on the 1st or 2nd day after common bile duct ligation.

a, P<0.05 vs. Normal; b, P<0.01 vs. Normal; g, P<0.05 vs. Sham 2 days; h, P<0.01 vs. Sham 2 days.

AL w7 MEZA BY0 GLOI YAEE £ of  72% (P<0.01) @ o 46% (P<0.05)2) Z7HE e}
}

ol i 2

AUBYGY A7) 220247} oF 35% (P<0.05) 2 o THTable 3). T3 HHW AREY EE 37
36% (P<0.01)S 3748 Udebigiom, @HelAe M4 A7 45 TUDCAS 39417 19 2 29

t}Zro] eF 50% (P<0
223 93 54 4
q ABRAAE T 7 *ﬂn’hé

7% U EF Y 2l th(Table 2). L nE gz2i £A4 8% 02 993 2o} 9l
ZQA7)3 19 U 2 (Table 2 & 3).
89 GLO-I g4 s

t}
CLOI B4 =t a8 4dess 47 2 5ok %AHS 1 2 AE2 253 339 GLOT B4 =
05)
R

r-lrn nﬁa

bt AT A7l 2R z2h2 o 41% (P<0.01) © .EEH HHUIS == S HY 5 2 Hot
oF 35% (P<0.01)2} 27} e} LHO*gcq A o] A ] 8t MBI o|M Z+ GLO-I12] Kmx| ¥ VmaxX|
GLO-1 4 == 293 gaivt A7 2R zhzh oF ol HE
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Table 2. Effects of taurocholic acid (TCA) and tauroursodeoxycholic acid (TUDCA) infusions after
choledocho-caval shunt (CCS) on liver and serum glyoxalase I activities in rats

Glyoxalase [ activities

Experimental
groups Liver Serum
(nmol S-lactoylglutathione min” mg protein®)  (nmol S-lactoylglutathione min* mL")

CCS 1 day 687.4+104.2 676.2+213.7
CCS 1 day j i
926.4+121.3 1,012.7+231.2

+TCA

CCS 1 days 702.6+102.6 687.4 + 208.7

+ TUDCA

CCS 2 days 698.5 + 106.3 728.5+221.5

CCS 2 days 947.3+116.7" 1,093.6 + 246.3"
+TCA

CCS 2 days 707.44 1123 736.8+212.7

+ TUDCA

The data are expressed as mean £ SD with 5 rats in each group; CCS 1 day and CCS 2 days, sacrificed 1 or 2
days after CCS operation; One of the following bile acids, TCA and TUDCA (45 z mol/100 g body weight) was
intravenously administered through the superior vena cava.

j, P<0.05 vs. CCS 1 day; m, P<0.05 vs. CCS 2 days; n, P<0.01 vs. CCS 2 days. .

Table 3. Effects of taurocholic acid (TCA) and tauroursodeoxycholic acid (TUDCA) infusions after
bile duct obstruction (BDO) on liver and serum glyoxalase 1 activities in rats

‘ Glyoxalase I activities
Experimental

groups Liver Serum
(nmol S-lactoylglutathione min* mg protein™)  (nmol S-lactoylglutathione min* mL™")

BDO 1 day 721.6+102.6 879.7+ 2348
BDO 1 day 4 q
1,015.7+123.5 1,513.2+272.2
+TCA
BDO 1 day 746.8+98.2 891.6+224.3
+ TUDCA
BDO 2 days 836.4+113.3 1,102.6 +252.5
BDO 2 days 11262+ 127.4 1,613.2+ 286.3"
+ TCA
BDO 2 days
853.1 = 108.6 1,125.2+ 248.4
+ TUDCA

The data are expressed as mean + SD with 5 rats in each group; BDO 1 day and BDO 2 days, sacrificed 1 or 2
days after common bile duct ligation; One of the following bile acids, TCA and TUDCA (45 zmol/100 g body
weight) was intravenously administered through the superior vena cava.

q, P<0.01 vs. BDO 1 day; s, P<0.05 vs. BDO 2 days; t, P<0.01 vs. BDO 2 days.
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5% 29 AN LE AR 2O 249 GLO-

(Table 4 & 5).
oA FEd Y TS A7 AT TCAE F9

1 29 ARAHES o 7H Az 2289 GLO-19
Vmax] &= 7}4 0 A7) ZRTHE oF 45% (P<0.001),
FET fAW YT A7) ZRE ke oF 36% (P<0.01)
of 2718 e A ch(Table 4). ol Al 292 A4 2
A7 Z2Y AA & o 7F Al 24 229 GLO-1¢]

Table 4. The kinetic parameters of glyoxalase I from rat liver 2 days after choledocho-caval shunt
(CCS 2 days) determined with methylglyoxal as substrate

Experimental Km Vmax
groups (mM) (nmol S-lactoylglutathione min' mg protein™)
Sham 2 days 373124 1,078.4+118.9
CCS 2 days 38.1+2.2 1,144.7 £ 126.5
CCS 2 days .
) 388+29 1,562.5+138.0"
+TCA
CCS 2 days
385£25 1,159.5£129.6
+ TUDCA

Michaelis-Menten constants for glyoxalase I were determined using methylglyoxal as substrate at

30 T for cytosolic fraction of experimental rat livers at two days after CCS. The data are expressed

as mean + SD with 5 rats in each group. Experimental groups are described in Table 1, 2 and text.
1, P<0.001 vs. Sham 2 days; n, P<0.01 vs. CCS 2 days.

VmaxZ| = 7kt A1) R o= of 32% (P<0.01)9)
78 vEtd Ao oA SEE HA4E A A%

TCAS #5329 ATAAS o 2+ A 2Y 289

GLO-19] VmaxA| & 7tea% A7 ERo= ¢ 71%
(P<0.001), 29¥ HAT A7 FEDGE o 30%
(P<0.001) £7b2 Yebfgich 21812 293 945
A7) A% TUDCAS Fstn 2% AHA 7L o 7
M Z A B39 GLO-19 Vmaxx| = 7l -
BHrhe oF 31% (P<0.01)9) 37+ Yeby g 23y
209 AT A7 23 2P gt §oJ8 2o
7} 9l i th(Table 5).

kKl
i

TE AN FEZHE oA A o] £4E 2
o ke GLO-1 24 =7 7t A& E 9,
1995)& &2 A oy 1 71dE A u ¢
A 7o) FEEAHS A ZHoA o] A BA
HE 714 shefe) Fo 2N FES A oA A o)
29 5ol T M2 AHS dE 7 US AR
A e of g FEEAR T &4l oprlE e AE
= gkl digt Astah wjd 53] 19 5 759
dto] ¥ad Zlo s Yztert

of AFoA= AAolE BA HE A4l X094
GLO-19] 247} 9 BF&A AN A S7HH A
A 2 7149 YRE dotr7] st A g Ao
q

£ 9](1995)9] K 1o 93l Fo 24H2 2
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Table 5. The kinetic parameters of glyoxalase | from rac liver 27days after bile duct obstruction

(BDO 2 days) determined with methylglyoxal as substrate

Vmax

Experimental Km
groups (mM) (nmol S-lactoylglutathione min" mg protein™)
Sham 2 days 3734124 1,078.4+118.9
BDO 2 days 37.8+2.8 1,421.4£135.8"
BDO 2 days
39.2+2.6 1,846.6 £ 155.2"
+TCA
BDO 2 days
385423 1,417.5+129.2¢
+ TUDCA

Michaelis-Menten constants for glyoxalase 1 were determined using methylglyoxal at 30 T for
cytosolic fraction of experimental rat livers at two days after BDO. The data are expressed as mean
+ SD with 5 rats in each group. Experimental groups are described in Table 1, 3 and text.

h, P<0.01 vs. Sham 2 days; i, P<0.001 vs. Sham 2 days; u, P<0.001 vs. BDO 2 days.

audnns 3,7m 42l S8 2718 ehi 2
O3 stgon, ¥4 GLO- I 45 : 298 2% 3
2,3 9 7%0] §9% £712 e Tt shelnk 2
B} o] Bae| A GLO-To] 2 §E&A7He] 422

YA 2 BRI F7E s 71 - daiAe £
SHA st A Aok o] M E GEZ AT
]A—] o] A49 m,{ﬂ;‘y} Z715 L i}-o]'@‘].oi[;}. o] o
FOUA 8ol FRILA ohe AL of e B}
A4 ol 21 Bojo] 2laf Z7hE) o
e Aol ol FRE7 949 AHD £ 5E
292 4712 91d Ogawa er o/, (1990) ¥ St 3} 7]
o4 3(1997)9] o] steict 2 A mAe 79
Fune 2usiel Gue AYNT LWL E4
92 Al 9B GAWEYE A7 Bolth. o
F 292 00l 23HA5E 1Y a8l s
W3 37EE BE 2ou BE 4e Azl 43t
£ 3YB A% ndol 39 AYUEY AL
1 %719 27 w2 o= A o|ti(Toyota e al., 1984

O

Ogawa et al., 1990). A A ZEE F oA S Y
T A% TCAE AAY Yo obF T3t T Wi
of ¥EEAE A Edo|n, YA 2d2 o
A $e8 23 2% TCAZ 44AY Yol o3 29
shol 7 Uol B3 LAE oS AstAz wdolt)
ghA o] ¥l 7hA] mdS AHE oz N Al7F Hatol ot

2 7S BEA ST 379 ARE 45 a4
9}3‘31 oted AR BdH YA L2 7 Wl TCA
o Tzeol T TCASY E3HE %o} U £71 Ak
(Ogawa et al., 1990; S+ £ 3} 71 of ], 1997).

of AT ONA E shut ek T AL HejAl 7=
HEAY 87 2w o5 54 B4R BAE
£IHE geba) 7t sk Aol ok aheby %% 17t

A EBHE7 gades AAlolE A ME a4
ZEXﬂ{. oA &
et 57HE = YA olE A HE A4 arylamine
N-methyltransferase ' thiol methyltransferase 2] 34
of &S FA g=the= TUDCAGHH &3 7 o 3],
1997 & 1998; o] ¥ & 1999; o] 23} &A1 20005

arylesterase ¥ carboxylesterase 2} &
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