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=Abstract=

This study was made to know the changes of glucose-6-phosphate isomerase (GPI)
and fructose-1, 6-bisphosphate aldolase (ALS) activities in cholestatic rat livers.

GPI and ALS activities were determined in cytosolic, mitochondrial, and
microsomal preparations isolated from cholestatic rat liver, and in the rat serum
after common bile duct ligation for a period of forty two days.

The activities of mitochondrial and microsomal GPI in cholestatic rat liver showed
a significant increase from the second day to the forty second day, and from the
first day to the twenty eighth day, respectively, after the ligation. However, the
cytosolic GPI activity in cholestatic liver showed a significant decrease from the
twelfth hour to the second day after the ligation.

The activities of both mitochondrial and microsomal ALS in cholestatic rat liver
showed a significant increase from the second day to the third day after the ligation.
However, cytosolic ALS in cholestatic liver was decreased slightly from the first
day to the forty second day after the ligation.

On the other hand, the activities of GPIl and ALS in rat serum showed a
significant increase from the twelfth hour to the seventh day, and from the first day
to the forty second day, respectively, after the ligation.

These results, therefore, suggest that the biosynthesis of liver particulate-bound GPI
and ALS are induced in response to cholestasis. And the elevations of both serum GPI
and ALS activities seem to be leak of the enzymes into the blood from cholestatic liver.
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A Zo) A5 mitochondria®} endoplasmic reticulum
o A= AW (HYF, 19002 deix A

a~D-glucose

Fructose—1,6-bisphosphate aldolase (D-fructose
-1, 6-diphosphate D-glyceraldehyde~-3-
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9 BAHTE &A% HFRATY HFEEY
oA olE EAS AHE WEEL WA T
Rojtt,

Az % wy

58 % AA  FEL 47 oY B2 A
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44 AR - 794 HAL Student's
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7A@ F7HE JdeEddd. F FEd
A F 296 9 42% (P<0.05), 394+
oF 44% (P<0.01) 7ol oF 73% (P<0.01),
1496 o 156% (P<0.001), 28<dol: oF
276% (P<0.001), 420+ oF 184% (P<0.00D)
o] 7% el 283 microsomal

GPI9] AEE F9¢ 24T F 1958 BI7HA
fog ke Jellidt & 39¢ 2% ¥ 1Y
o= 36% (P<00D), 24l F 38% (P<001), 3¢
o= oF 35% (P<001), 78l oF 27% (P<0.06),
14940 oF 33% (P<00B), WBYUlE o 52%
(P<O.00D) S} 5718 HERHUS (Table 1).

Table 1. Activities of cytosolic, mitochondrial, and microsomal glucose-6-phosphate isomera
se in cholestatic rat liver after common bile duct ligation

Glucose-6-phosphate isomerase activities

Day(s) (nmol NADPH min™ mg protein™)
following Cytosol Mitochondria Microsome
ligation T ; 7 ; - Tod ——
B ls‘}r:n;) Cholestatic liver JVG‘ “ Cholestatic liver Vﬂ ’ Cholestatic iver
05 4861486 4094371 (<160 H4359 01+E74 (100 802%116 &1*161
1 SRATEL2 BA5HILOP (-24) 371462 466+ 91 (B) /121 18211400 ()
2 HB5TO4 42344310 (-16)  BEEER W23+ 87 (42) 813+124 11274134 (R)
3 49671436 4381470 373+73 B8 TP (4 6128  1062+126° ()
7 AR2EMH 4511485 3868 BSHI2L (T D8FIL8  1129+131* (@D
14 4647462 47761500 RB1+63  977EIL° (156) 812122 107.7+146° ()
28 48184428 48491306 37661 186174 (276) 06+11.8 1228+13F )
42 ARBTA3T 46A1TALL BAH65 1092134 (18D 8L3*1L3  B5T169 QD

The data are expressed as mean = SD with 5 rats in each group, Liver of sham: sham

operated rat livers.

Significant difference from sham operated rat livers (a;P<0.05, b;P<0.01, ¢:P<0.001).
Values in the parentheses indicate percent decrease (-) and/or percent increase of the
enzyme activitics relative to the respective sham operated control values.

gAY FE4H A7 F HEEADY
cytosolic, mitochondrial % microsomal
ALSY BAxE W% : 9 4% ¥ 95 S
A7k cytosolic ALS A=y Fud 23
F 1dyE 297 Ot FAHALY A
A folAde ik Fgd A F HES

A Zve]l mitochondrial ¥ microsomal ALS
o BHEE el FEH HAEF F 2d
2 3Ye HFA% Z7ME JEIAdAD F
mitochondrial ALS S4 =+ FE3 2% ¥
294 = oF 29% (P<0.05), 3¥& ¢ 33%
(P<0.05)9 %718 YERAR 2™ microsomal
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ALS 84 =e 9% 2% F 2¢d= & o] F7t8 “EbHAT (Table 2).
48% (P<0.01), 3¢l &= oF 37% (P<0.05)

Table 2. Activities of cytosolic, mitochondrial, and microsomal fructose-1,6-bisphosphate
aldolase in cholestatic rat liver after common bile duct ligation

Fructose-1,6-bisphosphate aldolase activities

??13’(5) (nmol fructose 1.6-bisphosphate reduced min”' mg protein™)
° ir?; im -W‘.Cyto sol Mitochondria Microsome
hgeitiorj E _( EOlfM‘m,C llﬁveir’ Ii\}/:;rn?f ] Cholestatic Yiver Liver of sham  Cholestatic litle;{
05 761+157 88+23 141424 152+31 $5+134 ™4+136
I /31164 622055(-17) 138427 150:+26 &H7+133 103+28 (28)
2 8IS 807106 (-19) 140422 181+23" (29) HBAT137 1260233 (48
3 HBOEISZ2 H7EIBE A 139424 185126 (RB) 122142 163+21° (37
7 732161 BHBOEITL (X))  137+26 175435 (B £34149 1 SN CARNA3),
14 07+143 634121 (-19) 138428 178433 (29) B6*135 B5EI’S (12)
2 051134 8894117 (-15) 136425 151+28 (1D 8391129 8B7+148
42 8138 WATI23(-16) 137423 146+32 BHTI31 86.41+156

" The data are exprmscd as mean * SD with 5 rats in each group; Liver of sham: sham
operated rat livers.

Significant difference from sham operated rat livers (a;P<0.05, b;P<0.01).
Values in the parentheses indicate same as Table 1.

HFA T3 478 §F @39 GPI & BT, & 9@ ZAF F 12A1%de ¢
Ax WE  Fga Az $ g9 GPlI 84 133% (P<0.05), 1¥eli& oF 230% (P<0.05), 2
e 29 43 3 12A0REH 7dAX ® gl = ek 357% (P<0.0D), 3¢l <F 609%
g ZF7ig Jepddd. & F9d B3E ¥ (P<0.001), 79l oF 559% (P<0.001), 14
12412 el i SF 4926% (P<0.001), 1¥elE of ol & ¢ 539% (P<0.001), 28%el= oF 374%
267% (P<0.001), 20+ °oF 229% (P<0.001), (P<0.01), 429l oF 323% (P<0.001)8) &
3dele 9o 71% (P<0.05), 79+ & 59% 7tE e (Table 4).

(P<Q.05)8] 718 JeElY2tt (Table 3).

H$RAdA FER 4d F A9 ALSY
gE WFE - 9@ Z2F F 839 ALS
gAxE A9 A7 5 fog FUME U
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Table 3. Activities of serum glucose-6-phosphate isomerase after common bile duct ligation

in rats
Day(s) Glucose-6-phosphate isorr.xef*lase: 1activities
following (nmol NADPH min m¢ ")
ligation Sham CBDL
05 2163 * 532 1,1382 £ 317.9° (426)
1 2116 £ 484 7764 * 160.4° (267)
214.2 * 49.7 7057 £ 171.3° (229)
2098 * 516 /83 = 928 (7D
7 2113 * 535 3369 £ 96.5° ( 59
14 2136 = 506 3066 £ 89 ( 44)
28 211.1 £ 485 2992 £ 872 ( 42)
42 2105 £ 485 2593 + 538 (23)

The data are expressed as mean £ SD with 5 rats in each group; Sham: sham operated

rats, CBDL: common bile duct ligated rats.
Significant difference from sham (a;P<0.05, ¢;P<0.001).

Values in the parentheses indicate percent increase of the enzyme activities relative to

the respective sham operated control values.

Table 4. Activities of serum fructose-1,6-bisphosphate aldolase after common bile

duct ligation in rats

Fructose-1,6-bisphosphate aldolase activities

E};ﬁiﬁ?ng (nmol fructose 1,6-bisphosphate reduced min"'me™?)
ligation Sham CBDL

05 78 + 14 182 £ 71* (133)

76 + 1.7 251 + 144 (230)

2 77 £ 19 352 + 133° (357)

3 75 + 2.1 532 + 158  (609)

7 74 + 18 488 + 149° (559)

14 75 + 16 479 + 176° (539)

28 76 £ 15 36.0 £ 132" (374)

42 75 + 1.3 317 £ 745 (323)

The data are expressed as mean * SD with 5 rats in each group;, Sham: sham operated

rats, CBDL: common bile duct ligated rats.
Significant difference from sham (a;P<0.05, b:P<0.01, ¢;P<0.001).
Values in the parentheses indicate same as Table 3.
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Ak == A
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-glutamyltranspeptidase  (2}&=2] 71}
1985, #&24 9, 1987), leucine
peptidase (FF2, 1980; Ad3 9
1987) ¢} alkaline phophatase (Kaplan &
Righetti, 1970; Righetti & Kaplan, 1971,
Toda et al, 1980, &2 ¢, 198N %3 £&
FR A ARG I HEA
F2 #7438} alanine aminotransferase (%<
3] 2], 1989), aspartate aminotransferase (%]
o3 9] 1990), lactate dehydrogenase (33
A3 o)Al 1985) % malate dehydrogenase
(FE22 7} o], 1985) F& E”‘%Zﬂﬂoﬂ’ﬂ
2 B gAEE Rer 4R o

g FA A Bolste 45
Golgi
microsomal a-D-mannosidase,

21 cytosohc a
-D-mannosidase, a-D-mannosidase,
lysosomal 8
-D-mannosidase, lysosomal ¢-D~glucosidase,
cytosolic  broad-specificity 8-D-glucosidase,
microsomal 8-D-glucosodaseE€ @& & A7
a2 BAPEIL FAHWENE e a2,
1992 Park et d, 19%4), 25-&4 Al oAM=
cytosolic, lysosomal % Golgi a-D-mannosidase,
lysosomal  B-D-mannosidase, a-D-glucosidase,
broad -—specificity B-D-glucosidase®}t 8-D-
glucosidase %9 A4 E7 F7l9+= A (4
vl ot #&4 1992; Park et al, 1994)2.2 <7
2 ok aEld FAA IR #AsE £4
¢l mitochondrial NAD'-isocitrate  dehyd-
rogenaset> WEEA A o FARIL Fo
¥} o] A9 isozyme?l cytosolic ¥
mitochondrial NADP -isocitrate dehydrogenasey=

GEEARA o AR
A A= NAD % NADP -isocitrate
dehydrogenase A =7} @A3 79k (3
o, 1992)xr ¥}, FHHE lysosomeol] FA) s
wuls B3 F 49 cathepsin B DE @& 2
AN A 2 B Z7iEet (Thm et dl,
1994)3 %beh. 53] QAo E W Tro AF
¢l glutathione S-transferasey W& & A 719
A E A2 mitochondriaol A= 2 A7 7
253 microsomedl M= 7 &AL 271 (A
43 2] 1990)# 8, aryl sulfotransferase I,
O % IOLIV isozymes Y& A7 A2 o
M= 1 BAE7 745 3 mitochondriash 8
Hol M= L A% ZE715Y  microsomedl
M+ aryl sulfotransferase II,IV isozyme%+ 1
A=zt S ck(Ihm er al, 1995)3 3o,
133 glutathione peroxidase (HEH 9],
1990), monoamine oxidase (FX A FFE A,
1989), catalase, alcohol dehydrogenase (&3
219}, 1988),
cholinesterase (323 ©)%8, 1992), thiosulfate
sulfurtransferase % UDP-glucuronosyl-
transferase (YF%, 1993)= ©ZF 2|7t 4]
2 BAAx7 Faddan @ aga 9E5E
Aol HEH F2 FEASE  xanthine
oxidase (ZF2], 1985} glutathione reductase
(D83 9, 1905 2 47t F7hEY of

HaHw GEEA

carboxylesterase, arylesterase,

%% microsomal ethanol oxidizing system (%
F21 9, 1983)e] AR @EEALAA F
7hech

~glutamyltransepeptidase,

o]#3t A ¥ 5 -nucleotidase, 7
leucine amino-
peptidase, alkaline phosphatase, cathepsin B
o cathep%in Do @HHEEADAAY BAE
b T2 9ESANdAA a1 g4e FUt
5lol vlebd A3 (Kaplan & Righetti, 1970;
Righetti & Kaplan, 1971; &3 Ao,
1985, #&2 ¢, 1987, Ihm et al, 1994)2} 3}
™ alanine aminotransferase, aspartate amino-
transferase, lactate dehydrogenase, malate
dehydrogenase % alcohol dehydrogenase®
HEEADAAY B4 %
ArAM FHE FIOR o)E &

Ae F2 gGF8

a7k v
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F&5o] uetd F(Lind, 1958 F&2
o], 1985, &4 9], 1988; 3F 9,
1989; i 9], 1990)et @t 1 HEE
A 7rol Al carboxylesterase, arylesterase 9
cholinesterase®] 4% 7oy GEEAI
Al o gAde] AstEol YdEld AT (FEA T
ol&3, 1992)2} ghrt. ol ol Ik Mo &
At E2EL FEEAL dE o T =3
I HAA 2 EAdel WEH wEkA o] A
ol A A3 GPIg ALSE F2 e EA)
st ¥E xR 4EEA e Wy 2
g4xrel MEo AL Rolrh

o] AddA FFH HFEAMUY cytosolic
GPI8] $4dx+ 9% F4 F 1241345H 2
A7A FoF FaxE et 2y
mitochondrial % microsomal GPI18] Ak
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