RO RASCH 184 B2
Keimyung Med J
Vol. 18, No. 2, June, 1999

FIdA-S A3 3 A 2 719 Isocitrate Dehydrogenase
A x e} FHEFAY

Fduizteld, AR Ngm e Ygdad 9 ofge} o pat

FEAl *

= TR

_I\'-l

Serum and Liver Isocitrate Dehydrogenase Activities and Total Bile Acids
Concentrations in Common Bile Duct Ligated Rats

11 Joo, M.D. and Chun Sik Kwak, Ph.D.*

Joo 1] Clintc, Depariment of Biochemistry,
Keimyung University School of Medicine and Institute for Medical Science
Taegu, Korea

=Abstract=

A study was made on the changes of NADP*~ and NAD* dependent isocitrate dehydro-
genase (NADP*-ICD, NAD*-ICD) activities in cholestatic rat liver. The cytosolic and
mitochondrial NADP*-ICD and mitochondrial NAD*~ICD activities were determined in
the cholestatic rat liver induced by common bile duct ligation over a period of forty two
days. And the activities of NADP*- and NAD'-ICD in the serum were measured. The
concentrations of total bile acids in their serum and liver cytosolic fraction were also
measured. The cytosolic and mitochondrial NADP*-ICD activities of the cholestatic rat
liver each showed a marked decrease between the 1st and the 42nd day and the 12th hour
and the 42nd day respectively after the ligation. However, the mitochondrial NAD*-ICD
activity in the cholestatic liver markedly increased between the 2nd and the 42nd day
after the ligation. On the other hand, the NADP*~ICD activity of the serum markedly
increased between the 12th hour and 3rd day after the ligation. That of the serum NAD*
—-ICD also showed a marked increase between the 1st and the 7th day after the ligation.
The concentrations of total bile acids in the cholestatic liver cytosolic fraction showed
a marked increase between the 12th hour and the 7th day after the ligation. That of total
bile acids in the serum showed a marked increase throughout the experiments. Viewed
from above results, the NADP*-ICD in the liver with cholestasis seems to be the decreas—
ing enzyme. But the NAD*-ICD in the cholestatic liver thought to be the increasing
enzyme in its activity. Especially, when the cholestasis occurred, the activities of these

enzymes of serum are higher than those of the controls because of increased permeability
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secondary to liver cell necrosis, which causes the enzymes to leak into the blood in great

quantity.
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Isocitrate dehydrogenase: SE2=]o]
g £3x5o glom Isocitrate® «-ketoglu—
tarate® HFAIE & Fosle 2
(Kachmar & Moss, 1976; Wilkinson, 1976;
Kim, 1979; Bauer, 1982)%A4] NADP*-depen-—
dent isocitrate dehydrogenase (threo—Ds
—Isocitrate : NADP* oxidoreductase
(decarboxylating), EC 1. 1. 1. 42, NADP* -
ICD)&} NAD*-dependent isocitrate dehy-—
drogenase (threo-Ds—-Isocitrate : NAD* oxi—
doreductase (decarboxylating), EC 1. 1. 1.
41, NAD*~ICD)7} $lv} (Wilkinson, 1976;
Dixon & Webb, 1979; Kim, 1979). NADP*
-ICDE FEIA A, A, 2, 242 9 o] &
2= dJgk -3 (Dixon & Webb, 1979)5¢] )
on ¥Fx £¥=t} (Kachmar & Moss,
1976; Bauer, 1982). =3 o] AT AZE el
A A7} mitochondria gt E451= A (Plaut,
1963; Kachmar & Moss, 1976)2.2 <4 3l
ot NAD-ICDE €& 4, 42, o, 4l
9 Zke] o2 o= FF (Dixon & Webb,
1979) 5] slow dA] HFqE A}
(Kachmar & Moss, 1976). Z18]3l o] E+
AlZ o)A mitochondria®]it &4 (Shen et
al, 1974; Kachmar & Moss, 1976; Wilkinson,
1976; Mayes, 1996)3} 53] A|E=4F 3|8 1F
$°llA isocitrate® o —ketoglutarate® g
Al71E & F2 Falldel (Mayes, 1996).

ICDE % NADP*-ICDE zbed, 7k}, w4
e 5o AR #xle] AN SelHeg o
B4 x7} A4 (Kachmar & Moss, 1976;
Wilkinson, 1976)¥|% 53] 7313t $x}e] ¥4
oAl o} s BRI} F27 Ao et

R A AEAA AR AA7} 2= i)
kAl = A (Kachmar & Moss,

1976)o]z} et

7F 2A | FFEAE oA AW A
A REed], Fokolv 2o 23 dEd),
WA 2EA WS, 29 o 25808 7
9 Folt} (Halsted, 1976). ol&¥ S5-&H7)
T R AN 2 AEE 7)5A el
(Halsted, 1976; Sherlock & Dooley, 1993)E
Whg Bk opg) SEEe] A3be] AFgtel u)
2 7 2AL A, AAY, FESA, 493,
AsgHst 5 Feletd sl dsxos e
@} (Desmet, 1979). 2y} o7t el
Azl delds 252zt AseE 24
< £33 4= Ao] gan oF A =
4 A AL gl

53] 7o Fwd AAsidd bl gEEA
7} o) Azt At wel zkzA)e )4}, 2]
W, AR3 9 A W3l (Moritz &
Snodgrass, 1972; Kountouras et al, 1984; #
43 9l 1987 REA 9, 1989)7} Yehlr] w)
woll 79 FERE st FA% G5EA)
e FEEARS) Y RUE 9 0|43 3]
=)

7R FAAL] Fo)e R Hds) B3
332 ohekvt 7155 71 A7)e]™ (Sherlock &
Dooley, 1993) NADP*- 9 NAD*-ICD9] %
Aol 4% ¥4t ol 53] NADP'-ICD7}
A H2A AN 2 BRI SRR
231 (Kachmar & Moss, 1976; Dixon & Webb,
1979)7} 2 B FFEALAME o]F B
2] FP=r} HEE AR A"}, a8y &
FEA7LA olF B AR MFol U B
I of sl 4 ¢lglel

o] A7 FFEALNA ICD2] 8= W
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I 2 4] dgE dolry] 9Jste] A A
dorA e Fdvhs AT F 12 A7
42 d7tA) o] FFEAZEA A AEA 2 mito-
chondria®] NADP*-ICD$} mitochondria$]
NAD'-ICD®] A4 =E sk 3 €A
olg B BAEE M Fs)gich =¥ 3
7o THIAE Y F 12 AREE 42 471R)
o HFEA e AEA AN FIEFA F
EE 3 543} o)F A& AT va AR

shsiet,
N
1. Al2f

NAD* (B -nicotinamide adenine dinucl-
eotide; grade 1), NADH (reduced £ —nico~
tinamide adenine dinucleotide disodium salt;
grade III), NADP* ( 8 —nicotinamide adenine
dinucleotide phosphate sodium salt), NADPH
(reduced g -nicotinamide adenine dinucle~
otide phosphate tetrasodium salt), @ —ketog—
lutrate, DI-isocitrate, nitroblue tetrazolium,
2,4—-dinitrophenylhydrazine, manganes
chloride, EDTA disodium salt (ethylene-—
diamine tetraacetic acid disodium salt),
Triton X-100, diaphorase (from porcine
heart), 3 @ ~hydroxysteroid dehydrogenese
(from Pseudomonas testosteroni), isocitrate de—
hydrogenase (from porcine heart, Type VI),
bile acid calibrator ¥ w3 ZF (10 g/
100 ml bovine serum albumin)%< SigmaA}

(=) e] AFE AHEshen] 2o dubAoke

FTES 4T oA 2L 2A0E ASF HF
320-350 go] == Sprague-Dawley ¢ %
AHE AEslge 1 &8 5 = s o2

3} zrol 17 Fo 2 Y}
D AL Q)

DIES e $ 12437149, 249, 3
A, 7% 144,289 42 dof| I A F
(&8

3) FRAAMS FFHAR F 12 A7 1 4,
2,39, 74 144, 284942 g 3N
A7 o (F 8 T)

FTHAARLAAN FHAE F 14 YA F=
7} glglovt o FRE= o 50%7) F5ivh. 1
A 28 o W 42 e FgdEd F o3 4 o
42 4712 AEF F 5 ol AL Algslgich

ZF AR A £ gsiglen AR A%
o A 2o AgEgel. AlRE AlEEE
Ak A AR T2 B AL AEQ) AYEE ARE 9
=5 slgic

THRARTE e A48 Y dF
& 2 FE AR A2t F £ Q)
F e AE 2A3gen 12 Az F44)
¥ ether "3t A AAJslgict

FTHAEES T 29989 F lem oFEF U9
Fo] TRAE 42 olF AR 3 1 50 1Y
£ Adsiglen 7 A3 2ake) HAe S &
ettt 1Y sleEd G AE-En A

bt

A T3

4

Loy

|

w

CAHEE R ME

MHI

EE AYTelA e AR 12 A7 A7
F ether v}l Algs}glom BholEale
2AE Al FE AQA A, e
ZrEel At 3 4°C9) 0.25 M sucrose 9.2
2 R3] Lol dolglvl gAE AAY o
7R AEslgich. e 7k wEe g%s) ¢
uhsle] Zhel] Weoll® sucrosede 75E 3 &
i AAs

T AP RS ARt YL g
Z ALENET S

Zhe] AEEY L AEY 5E F4) 2~4T=
W2 F A MojA] Ag e wen E§lslol
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12 ¢k 5 g2 FHE}e] 9 nliEke] 0.25 M sucrose
oS- 2 ¢} teflon pestle glass homognizer
(ThomasA} AlF, chamber clearance 0.005
~0.007 inches)& 2~4CE FA5p4A4 400 rpm
o £ER 2AAFA 5 3] G5 mlste] 10 w/
v9%2] t2AFHANE wEgct 2EuE o] 7+
AN BEE 23lod sucrose density gradi-
ent ALY (FEA3 FA4, 1986) 2.2 A
Z7 9 mitochondria ¥8% &#slgct. &
o] mlallF A WS 571 X g (average relative
centrifugal force)ollA 10 &7+ QA% s}
zA9] vlupE, @ gl gAet BE-g AA
g ohg 2 A UL 7,796 x gollA 2087 4
A st pelletst AR A& dglen o] 34
o €L A AL o] 104,400 X gelld 1 A]
7} QAEE3Y pellets} A AL d9ich. o
] Q& AHAE AxH FEHoE A3

A $2] 7,796 x gollA 20 ¥ WAL
+ FA A 2L pellet-& 0.25 M sucrose o]
] 7)o o] A& 20~ 45 w/v% sucrose linear
density gradient -&94& 92 4% A B
SHAA 45,200 X gellA 20 ¥ FAlEE] 5}
AL AAE-E 0.25 M sucrosedel] A&t A
7,796 X gollA 20 £2+ A21E-2]sle pellet-&
dglon] 0)Z-E& mitochondria &L 2 A4
sk5ich.

o) NEEIYA BRE 2L 2~4T A
A1 35kglon ofuf ALE-3F UAEE] 7] Du Pont
Sorvall*}¢] RC-5B refrigerated superseed
centrifuge$} OTD-65B ultracentrifuge {t}.
a3 o]w] AL8-3 rotor: Du Pont Sorvall
A}e] 8S-34 9 T865 rotor@ L sucrose lin-
ear density gradient -8°1¢] A|Z+E gradient
former (ISCO model 570)% AR&-3}gic).

4. BEA NE =H|
NADP*-ICD &4 AR A= 23 A%

A B3e gilaigke® 10 mg/100 mi7t §%
£ 0.25 M sucrose2. g FehAj# 2w mito—

chondria ¥ w4307 10 mg/100 ml
7} EA 1% Triton X-10092.2 343 & 2
&3l AHgstsicl. Els NAD-ICD &
Al8¢] ZA= #8% mitochondria ¥3-& %
wWAeEe g 5 mg/ml7} HEE 0.25 M sucrose
Ao g At £ 1% Triton X-100YL = w2
A F A& EFE Al

5.

ol

& BYE 5%

¥4 9 zke] NADP-ICDEAE &AL
NADP-¢} isocitrate®, -18]a NAD*-ICD &
Ax 272 NAD*9} isocitrated 7] R 3}
37CeA 30 3 -A7IE Fdel A4
@ —-ketoglutarateE 2, 4—-dinitropheny-
lhydrazine2-2 A7 390 nm p7gellA ¥
A eksl= Bell & Baron (1960)¢) #yel]
stgict. NADP*-ICD A4 %9 w9l 1 #3F
o] 1 mle] ¥3 Xt 1 mge] o] nhg-sle]
4% NADPHE nmolE Yehjgl o] NAD -
ICD #4=9 @4 1 ¥kl 1 mie] A =
£ 1 mge] &Ae] ukg-ste] 43 NADHE
pmolZ el et

o] AyelA MY E2VHE FAPE] A
G55 ¥0)7] sk Sigmarbe] AR E2E
ALgslglon) 2he Algol diste] 23] EA sl
a2 FEAE FHslgivh e o] Al 7 &
AT Z2A o] A7 £33 EAE computer
controlled enzyme spectrophotometer
(Varian, Cary 210)%t}.

6. SEELU Y

A 9 2 AEAe] TEFAte] AR Alwe}
NAD* £A)5}4)A 3 @ ~hydroxysteroid dehy—
drogenase Z|& A5l NADHE nitroblue
tetrazolium %7}¢} diaphorases] Zull2 Hkg-
XA AAR formazang 530 nm IR}l A] vl
sl 1 ok FEFA 422 FAksh= Mas-
hige et al. (1981)2] Whe] 2}3}sict.
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A=UEEE

Bl Fof ghilal A=k 0.5 M perchloric
acid¢} methanol-ether £} (3: 1)2.8 g}
wWA-g AAsl= Greenberg & Rothestein
(195728 & Fof Al A ohy
biuret (Gornall ef al, 1949) 2.8 Aeks}sic},

Aol ZF AN S HFA] F Aevavt g
23 A5+ Student®] t-FAA el 23] PA

3tgiet.

N =

1. EFA SES HEME of 2t2| cyto-
solic ¥ mitochondrial NADP*~-ICD &MEZ

ol HE

F ] T AT F AEEAD) cy-
tosolic NADP*-ICD 45+ 9422 3 1
U5E 42 d7kx] A gaE
Foat AF 31 delle o 28% (P<0.001), 2

delistel 5

Table 1. Activities of cytosolic NADP*-dependent isocitrate dehydrogenase (ICD) in

cholestatic rat liver after common bile duct ligation

Day(s) NADP*-dependent ICD activities
following (nmol NADPH min™' mg protein™)
ligation Liver of sham Cholestatic liver
0.5 117.8 = 8.6 1059 = 9.0 (10)
1 121.4 = 9.3 87.3 = 10.9¢ (28)
2 123.2 = 85 80.9 = 12.8¢ (34)
3 120.6 £ 8.7 79.2 = 13.0¢ (34)
7 1188 + 8.2 68.1 + 14.6c (43)
14 1175 = 7.8 63.8 = 13.4¢ (46)
28 116.3 = 7.6 56.8 £ 10.5¢ (51)
42 116.7 £ 8.0 55.0 = 8.7 (53)

The data are expressed as mean £ SD with 5 rats in each group; Liver of sham: sham
operated rat livers. Values in the parentheses indicate percent decrease of the enzyme
activities relative to the respective sham operated control values.

Significant difference from sham operated rat livers (¢P<0.001).

Table 2. Activities of mitochondrial NADP*—dependent isocitrate dehydrogenase (ICD) in

cholestatic rat liver after common bile duct ligation

Day(s) NADP*-dependent ICD activities
following (nmol NADPH min™!' mg protein™)
ligation Liver of sham Cholestatic liver
0.5 42.3 + 4.1 31.9 = 4.4 (25)
1 442 + 46 30.6 = 4.3» (31)
2 447 + 49 30.0 £ 5.00 (33)
3 444 *+ 45 29.8 + 51> (33)
7 42.8 + 4.2 284 + 53 (34)
14 425 + 4.4 279 + 6.60 (34)
28 416 *+ 3.9 26.3 * 6.00 (37)
42 418 + 37 255 + 4.9 (39)

The data are expressed as mean = SD with 5 rats in each group; Liver of sham: sham
operated rat livers. Values in the parentheses indicate same as Table 1.
Significant difference from sham operated rat livers (°P<0.01; *P<0.001).
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Table 3. Activities of mitochondrial NAD*~dependent isocitrate dehydrogenase (ICD) in
cholestatic rat liver after common bile duct ligation

Day(s) NAD*-dependent ICD activities
following (pmol NADH min™ mg protein™)
ligation Liver of sham Cholestatic liver
0.5 3625 £ 599 4268 £ 632 (18)
1 365.4 = 63.7 469.8 = 91.6> ( 29)
2 3716 = 624 5846 = 859 ( 57)
3 373.7 £ 59.3 623.8 = 87.2¢ ( 67)
7 367.5 * 58.6 657.8 £ 111.3¢ ( 79)
14 363.2 £ 589 700.0 = 121.6¢ ( 95)
28 3584 = 57.2 7342 = 117.4¢ (105)
42 357.7 £ 57.8 773.3 = 140.9c (116)

The data are expressed as mean = SD with 5 rats in each group; Liver of sham: sham
operated rat livers. Values in the parentheses indicate percent increase of the enzyme
activities relative to the respective sham operated control values.

Significant difference from sham operated rat livers (*P<0.01; *P<0.001).

aldlE= eF 34% (P<0.001), 7 Dol < 43% (P
<0.001), 42 Yol <k 53% (P<0.001)2] A&A
Q) 7+2& Jehigith (Table 1). 23 2k
mitochondrial NADP*-ICD #A=5 93
Az % 12 A7 42 d7ia] A FE U
gtk & 299 2% F 12 AzlE o 25%
(P<0.01), 2 el <F 33% (P<0.01), 7 dell=
o} 34% (P<0.01), 42 Q& <F 39% (P<0.001)
o] Al&AQ H4aE Jepgicl (Table 2).

2. BFolA SEBS AHUS o 22| mito-
chondrial NAD*-ICD BA =8| HE

}F o] ok AR F FFEAZE] mi-
tochondrial NAD*-ICD #4=+& F944%
% 1 Q2g 42 d7kA AT F71E Yehiig
o} = g9 2R F 1 delle oF 29% (P<O.
01), 2 dell= oF 57% (P<0.001), 7 Yol %k
79% (P<0.001), 28 el <f 105% (P<0.001),
42 o= oF 116% (P<0.001)2] A& F7}
£ Jehisic} (Table 3). '

3. EFloA S AYs o I
NADP*- % NAD'-ICD 42| HE

Zergbe AR 337 ¥ NADP-ICD #

Ax: abdd T 12 AR 3 Q7R |7
A% 2718 Jehigch & 99 2% F 12 A
Zroll= <k 1,000% (P<0.001), 1 Qelli= o 874%
(P<0.001), 2 Aol <k 789% (P<0.001), 3
di= oF 233% (P<0.01)e] F71E detdigiet
(Table 4). 283 ¥3e] NAD*-ICD 4=+
ZaAsd 31 93¢ 7 47k AF e
Uehugich, & 253 22 F 1 delle % 37%
(P<0.05) 2 Qo= oF 56% (P<0.05), 3 delle
ok 67% (P<0.05), 7 el < 45% (P<0.05)2]
Z7+8 Jehdgict (Table 5).

4, BF A SHRUS HEUS W
Yo BEHEM 522 HE

2N EE =

B¢ AR AR DAEAY FEF
A g Eedbdd 312 AZHRE 7 47k
YA 2715 Jehigle). & 399 22 F 12
A7kl <k 147% (P<0.001), 2 dellE of 117%
(P<0.01), 7 Lol <k 76% (P<0.05)9] F7+&
Uehgit} (Table 6). 282 B3¢ FFEA
et AY A7) B AT F7HE eI
o}, Z 2y A% F 12 AzbellE % 8,213% (P
<0.001), 2 alell:= ¢F 6,825% (P<0.001), 7 &
dl= ok 4,018% (P<0.001), 28 dellv of 2,

OB(I
ot
4
o
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Table 4. Activiti‘es of serum NADP*-dependent isocitrate dehydrogenase (ICD) after

common bile duct ligation in rats

Day(s) NADP*—dependent ICD activities

following (nmol NADPH min™ ml™?)

ligation Sham CBDL
0.5 26 £ 1.1 28.6 £ 6.4¢ (1,000)
1 27 £ 1.2 26.3 £ 7.3 ( 874)
2 28 + 1.3 249 £ 8.6° ( 789
3 27 £ 14 9.0 = 25> ( 233)
7 26 £ 1.2 38 18 ( 46)
14 25 = 1.1 35 £ 16 ( 40)
28 25 £ 1.0 30 £ 15 ( 20
42 24 £ 09 27 £ 1.2 ( 13)

The data are expressed as mean = SD with 5 rats in each group, Sham: sham
operation, CBDL: common bile duct ligated rats. Values in the parentheses indicate

same as Table 3.

Significant difference from sham operated rats ("P<0.01; <P<0.001).

Table 5. Activities of serum NAD*-dependent isocitrate dehydrogenase (ICD) after

common bile duct ligation in rats

Day(s) NAD*-dependent ICD activities

following {pmol NADH min™ ml)

ligation Sham CBDL
0.5 811.8 £ 176.8 866.4 = 1646 (7)
1 820.2 £ 181.1 1,125.8 = 231.1» (37)
2 824.3 £ 174.2 1,286.0 = 362.2¢ (56)
3 818.6 £ 177.5 1,365.6 = 403.5* (67)
7 816.1 £ 173.2 1,182.2 = 248.42 (45)
14 810.9 * 170.6 1,019.3 £ 261.3 (26)
28 808.4 £ 167.3 968.1 £ 72.4 (20)
42 809.2 £ 162.8 888.4 = 584 (10)

The data are expressed as mean £ SD with 5 rats in each group; Sham: sham
operation, CBDL: common bile duct ligated rats. Values in the parentheses indicate

same as Table 3.

Significant difference from sham operated rats (°P<0.05).

826% (P<0.001), 42 o= <k 2,068 (P<O0.
001)2] 718 velygicl (Table 7).

il

s

Zre] wWiAd7) S AA] 21 EEEA) o] E
™ (Sherlock & Dooley, 1993) o]u] ©Z-2-x)
Zbzh G o Me 45 midEe] AR WEH
i dvh. J5EAE SEEA A AN
Z7}8= &4%¥F 5'-nucleotidase, y —glut—

amyltrans peptidase (Z&413} A5, 1985;
&) 9], 1987), leucine aminopeptidase (Z
24, 1980; AArae} FEA], 1987) ¢} alkaline
phophatase (Kaplan & Righetti, 1970;
Righetti & Kaplan, 1971; Toda et af, 1980;
=224 9], 198753 e F2 2 Axe] uA
F BTl A F2 X3 ala-
nine aminotransferase (%3 2|, 1989),
aspartate aminotransferase (71¢13] £, 1990),
lactate dehydrogenase ¥ malate dehydro—
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Table 6. Concentrations of liver cytocolic total bile acid after common bile duct ligation

in rats

Day(s) Total bile acid concentration

following (£mol/100 g of wet liver)

ligation Liver of sham Cholestatic liver
0.5 183 = 74 45.2 = 84¢ (147)
1 185 £ 7.2 458 £ 8.6° (148)
2 182 £ 76 395 £ 82> (117)
3 183 £ 75 38.1 = 7.9> (108)
7 184 = 7.3 323 = 832 ( 76)
14 185 = 74 229 £ 7.7 (24)
28 182 £ 7.2 191 £ 73 ( 5
42 181 = 6.9 18.2 = 6.9

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

operated rat livers.

Values in the parentheses indicate same as Table 3.

Significant difference from sham operated rat livers (*P<0.05; "P<0.01; <P<0.001).

Table 7. Concentrations of serum total bile acid after common bile duct ligation in rats

Day(s) Total bile concentration

following (z£mol/1)

ligation Sam CBDL
0.5 95 + 41 789.7 £ 109.3¢(8,213)
1 9.7 £ 45 844.0 * 123.2¢(8,601)
2 9.6 + 4.3 664.8 + 141.5¢(6,825)
3 94 + 4.0 527.7 = 129.7¢(5,514)
7 95 £ 4.2 391.2 £ 86.4°(4,018)
14 94 * 4.1 3034 £ 75.2°(3,128)
28 9.3 £ 38 272.1 £ 78.5°(2,326)
42 93 £ 3.9 2016 = 65.6°(2,068)

The data are expressed as mean = SD with 5 rats in each group; Sham: sham
operation, CBDL: common bile duct ligated rats. Values in the parentheses indicate

same as Table 3.

Significant difference from sham operated rats (‘1°<0.001).

el

b, 1985) 52 HHE&A
e A 1 AR} FAEE Aew oduA g
o} 3 A B e GAe] 34 F s
Ao HAstE EL2EYA cytosolic a-D

~mannosidase, Golgi ¢ -D-mannosidase,

genase (FE213} o]

o?.:}m

lysosomal a-D-glucosidase, cytosolic
broad-specificity £ -D-glucosidase, mi—

crosomal A -D-glucosidase 5% 25 2%

EAZNAN 2 B} SobEA (hene BE
A1, 1992; Park et of, 1994), B354 A] Il
A X cytosolic, lysosomal ¥ Golgi o -D-
mannosidase, lysosomal 8 -D-mannosidase,

a —D~glucosidase, broad-specificity 8-D—

glucosidases} B -D-glucosidase S92 24
=7k Skl A oEv)e) A, 1992; Park
et al, 1994)2.2 &i#] 9lc}. &H lysosomeo]
EAshd Al Fa) F4:9) cathepsin B2} D
E SE5EAZblA 2 #4 %0 Skt (Thm et
cl, 199D 8jul 3] AAIE B4 QY B
2] ddFel glutathione S-transferases 9%
SA|7ke] AMFEAT mitochondriao) s 2 &
A =7} 2% T microsomedl| s 1 FAQ 57}
Z71 (A834 2, 1990) =9 glutathion per-
oxidase (U434 2|, 1990), monoamine oxi—
dase (2383 FEAl 1989), catalase, al-
cohol dehydrogenase (&4l ¢, 1988),
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carboxylesterase, arylesterase ¥ cholinest—
erase (FEAF o]%¥, 1992)+= FFEH7t
A 2 857} Zhagvk ek a8 B9
A7roN A AFEA) F2 EAs= xanthine
oxidase (Z&4!, 1985)¢} glutathione reduc—
tase (A4H 9], 19900 T BY=7} )=
o}-&2 microsomal ethanol oxidizing sys—
tem (F&4] 9], 1988)¢] BAEE FFEAtel
A F71=e}, o83 £4% 5 -nucleotidase,
y —glutamyltransepeptidase, leucine
aminopeptidase, alkaline phophatase, cathe—
psin B ¥ cathepsin D¢] @&F-&A7 o 2] &
A5 F7he FE GFEAZIA 2 40l T}
5o} Yehd A3} (Kaplan & Righetti, 1970;
Rigetti & Kaplan, 1971; 222} 2h<l+F, 1985;
Z&4) 9], 1987)2} 3P4 alanine aminotrans—
ferase, aspartate aminotransferase, lactate
dehydrogenase, malate dehydrogenase %
alcohol dehydrogenase?] 7HlAe) &4 7
& FE GFALNA 53 FF R o)F
E27} ofF FE5 o] Yely 23} (Lind, 1958;
323} o], 1985 4] 9], 1988; 73]
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