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Glutathione S-Transferase and Glutathione Reductase
Activities in Regenerating Rat Liver

Chun Sik Kwak, PhD; You Hee Kim, MD; Kyo Cheol Mun, MD;
Sook Hyung Lee, MD

Department of Biochemistry, Keimyung University
School of Medicine, Taegu, Korea

Changes in the activities of the following enzymes have been studied over a period of ten days after 70%
(median and left lateral lobes) partial hepatectomy in rats: cytosolic, mitochondrial and microsomal glutathione
S-transferase, cytosolic glutathione reductase and cvtosolic glutathione peroxidase of regenerating liver.

The activity of cytosolic glutathione S-transferase in the regenerating rat liver significantly diminished bet-
ween the second and sixth days after the partial hepatectomy and that of mitochondrial glutathione S-transferase
slightly decreased between the second and the thrid days after operation. However, the microso}nal glutathion
S-transferase activity in the regenerating rat liver showed a slight increase between the thrid and sixth days
after operation.

The cytosolic glutathione reductase activity in the regenerating rat liver slightly decreased between the
first and thrid days after operation and the cytosolic glutathione peroxidase activity in the regenerating rat
liver had a significant diminution between the second and the tenth days after the partial hepatectomy.

(Trip%, 1974; Clifton ¥} Kaplowitz, 1977; Fleischer

A B %, 1977; Grahnen®} Sjoholm, 1977; Hayes %} Mantle,

1986b; Kaplowitz ‘&, 1978; Marcus', 1978; Mukhtar

Glutathione S-transferase (RX: glutathione R-tra- %, 1978a; Mukhtar %; 1978b; Asaoka®} Takhashi,
nsferase, EC 2. 5. 1. 18, GST) & AANjA F=2 1983; Royer$} Kenney 1985; Theodore s, 1985; Ishi-
AAAY 2 AHNHEHA F9¥  glutathione kawa &, 1986; Kodate %, 1986)= 0} glonm NX
(GSH) & ¥#A1A glutathione?] thicether (R-S-G) ol M= M 233, MA¥EY, mitochondria ¥ micro-
E gA3le w8 Zulsle A4 (Jakoby, 1978; some ¥ & Fo)) &) (Friedberg %, 1968; Bannikov%}
Kim, 1979b) 24 &9 1 41, 9, 4, ¥, &%, #, Tchipyseva, 1978; Wahllander 5, 1979; Lees} McKi-
YT, HYTLE F2 o 243 WY £¥  nney, 1982; RyleS Mantle, 1984) 3} 2o 2 e

* o] mEE 19889 AFUGN SARA BeA dula olFoiHE.
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AUt o] el ¥ F 82 GSTe Be 72 isozyme©]
etz 3k FHellM e 14%F(Hayes, 1986; Hayes®}
Mantle, 1986a), At A= 13%(Vander Jagt 5.
1985)0) WA E He g B0 Hojglr) Tglil GSTE
N4 R WA E25F INEGE ¢ AR
A& 712 BAEY 3S53 prostaglandint leukot-
riene?] A= Ba 2 (Litwack §, 1971; Ka-
misaka ¥, 1975; Jakchy, 1978; Wolkoff %, 1979a;
Wolkoff 5, 1979b; Vessey S} Zakim, 1981; Hayes®}
Chalmers, 1983; Hayes<} Mantle 1986a; Pemble %,
1986; Takawa %, 1986) 2.8 «#3 glvh

o] Asve F4 2 A4 (Tsuru %, 1978},
7AW (Tsuru 5, 1978), 74 (Ohmi®} Arias, 19
81) ¥ 1AM BEH 1 840 FUHEW
9+Z 2] (Sherman, 1983), M H &4 FE 7H Adachi
%, 1981; Harisch$} Meyer, 1985)9]A 1 @4eo]
&=l Yok §ick

Glutathione reductase (NAD{P)H: oxidized-gluta-
thione oxidoreductase, EC 1.6.4.2, GR) &= A Ajj o] A
7l H o2 BYF picotinamide adenine dinuclotide
phosphate (NADPH)$ 2438 glutathione (GSSG)
22 5E) 488 nicotinamide adenine dinucleotide
phosphate (NADP*) ¢} GSHE A3+ T4 (Kim,
197%a)0|% FE9 74 4, #, 4, 3, HES,
H5o)A wol FAE F(Mansos Wroblewsky, 19
58; Carlberg®t Mannervik, 1975; Ray$} Prescotti
1975; Moron &, 1979) =™ A Erfel A= 4 EH )
R 250 2dcH Goldberg®t Spooner, 1983) i1 §hc}.

o) Ei¥ Y% (Kerppola 5, 1959; Wakui¥%,
1976), T4 ©dE (Kerppola 5, 1959), 7HgH(Ta-
niguchi 5, 1974; Wakui’s, 1976), 37+ 2+ (Wakui
%, 1976), #4939 (Kerppola 5, 1959; West %,
1961: Wakui &, 1976) ¥ ®&&# A (Tor &, 1981)
o 3] 1 BAlo] Tk AoR iy Uch

B3 g B2EAEAEE BFE gL 749
Ay 5o) vgs Ay ojuf BRI YT WES
wa g g Ao BAUAY Beidle BaEe] ¥4
& %S Jeldc(Becker, 1963; Ksukada %
Lieberman, 1964; Fausto ¥ Van Lanker, 1965; Lie-
berman ¥ Kane, 1965; Bucher, 1967; 7}, 1968a; i,
1968; 2%, 1968; H, 1969; Okubo ¥ Chandler, 1974;
Nagatsu %, 1976; = 9 =, 1978; Clement, 1979;
Sakas 9} Cook, 1979; &, 1980; Sheid, 1985; & %,
19883, ¥ %, 1988b)3 %} GSTSF GR= rellA

2 FAe] A%t 2 (Mansost Wroblewsky. 1958;
Trip &, 1974; Carlbreg9} Mannervik, 1975; Grah-
nen3 Sjoholm, 1977; Moron %, 1979; Hayes$} Man-
tle, 1986b) A4 7He Al 11 g o] W Fo] Q& Ao
FzrEich Zrejuf olol ¥ By Hop ¥ 5 @
At

o] A7 ATl GST % GREA L WFS
Yol $sted AlBF Ho A YHE ALGEho
el FAT A Qg HAF F 1045 A A
Hog HM7tel A FEANA GST GRY #4&
18] 1 mitochondriagh microsome® 8o A GST &
A& 2938 9 glutathione A F22 4 23 9
231 A a4k g WASle B A(Chowsd Tappel, 1972;
Chow$} Tappel, 1973; Player &. 1977: Chance %,
1979; Wendel, 198002 32 ¥28 13 glute-
thione peroxidase {(glutathione: hyrdogen-peroxide
oxidoreductase, EC 1. 11. 1. 9, GSH-Px) 8| §X4ES
HEANA §7) FHled 1 AHE BuFz) do

L S

S8 Y MK BEL 4Foly B2 TULE AL
&% AF 320~360gmo] F = Sprague-Dawley
287 2mrle) & AMgslden g dASse § 1Y,
29, 34, 6 2 10¢9 FHE ZA svuiely F49
A%l AHg-3A

2 APTEL e F4sue AEAFl
ARG =22 ALY AR AREE MY
Arg A gatel AELE LA B 4 7
#2ol R Yt

AFEA FE& A48 dFHEE 1}
HE 47 AP ZAF URE 5 A3
Al om 12412 FAAIZ F 75 §
g RRSHA ethervlHE A A4 stk
FHo gAATEL BRXPEAE Ut 4%
ok 2em HNES 7o) HFEN A5ANQ S B
g ARz AHZY AdE HAFE ¥ UHEd
ARARNE A H Hgs FA Ak A
e A o 70%7) e o] -2 el IH origi-
nal liver)ol&} #2712 394,
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Al 9} : Reduced giutathione, oxidized gluta-
thione, 2, 4-dinitrochjorobenzene (DNCB), ethylene
diamine tertraacetic acid disodium salt dihydrate
(EDTA), reduced B-nicotinamide adenine dinucle-
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tide phosphate tertrasodium salt type I (NADPH),
glutathione reductase type HI (from bakers yeast),
glutathione peroxidase (from bovine erythrocytes),
glutathione S-transferase (from rat liver), Y 5
24 (10g/100m!, bovine albumin)=-& Sigmaite] A
& AHEGle™ 9 Y¥AGEL B e
A3 EE AHEsldh

ZFNE Y MEZER R 8 AT el HE e
12A13 H A A1 ¥ k3 ethervh 3 &l A Al 3l
oo BROgFHo s BE AMYstd HYPAF A7
g A& &I T2 2~4°CY 0.25M suc-
rose VOoZ F A0 HUEZ FE3] pspd 1o
ol sucrose 4 7Hed & 2% A ASA
AFAEAA AN AT 2 e e ¥
A EEH AF3tAch

A& 71 ZA 2~4°CE W2 3 3] doj
e s prExn EstY 1% 3¢ A5k 9uf e
0.25M sucrose®]-3 %o} teflon gloss homogenizer
(Thomas*} #) &, chamber clearance 0,005-0,007inch}
2 2~4°CE #A3AAM 400rpme] 452 uld 3
10w/v%e] I ANS wEolck 2Eias o F
AY L& 3} sucrose linear density gradient &%
ARy (# 3 7, 1986) 2.2 cytosol, microsome
2 mitochondria ¥&-& 2&|slach

o] MEEHYNM REZZLL 2~4°ColA Al
BatRow A8 94¥2 7)== Du Pont SorvallA}
2} RC-5B refrigerated superspeed centrifugest OTD-
658 ultracentrifuge $t}h 28] 31 sucrose linear den-
sity gradient &1 2] A= gradient former (ISCO
model 570) & AH8-3Mgth

HAaoHel =M 1 ¥3 microsomed} mitochond-
riats B3O E 3mg/mi7} HEZE 025M sucrose
Aoz dEAF o o] HEFAZ ultrasonic disme-
mbrator (Fisher model 300) 2 20+04 K cycles/
sec®] 2710 2 284 53] 1083} 247 vp & 3
o] g GST 4o 2 2838909 cytosol &
ol H X5 & X & JHZ GST, GR ¥ GSH-Pxo)
fado g Abgsteich

T4 AT &M : Cytosol, microsome 2 mito-
chondria®] GST #4% 3£ DNCBY GSHE 7
A2 3te) 25°Col A 28 7 931 7)= Botoll AW
GSH-DNCB conjugate o] #5344 (EfHun 9,6
mM™' cm™DE o] &3l AL AL 4HSsle iy

<) Habig 5-(1974)2) Yol 2)3}yrh. o) & 8439
S91E 18300 1mgo] ©o] wid-sted WAE con-
jugated DNCBE » mole®2 JERAZTE

AXEF GRe A= £3& GSSGS NADPHE
7182 shof 37°Col A 287 g A& E9rol NA-
DPH7} NADP*2 48l FEE 340mnolA &
B8 25l Ax AT E 23 5HE Goldbergst
Spooner(1983) Wdl &AL} o) ELVHY @
2 120 1mgo) o] wg-stel 3@ NA-
DPHE p mole2 vehliic)

A XF GSH-Pxol 4= %38 GSH, HO, ¥
NADPHE 7|32 A48 31 GRE 1) 2 8o GSH-
Px A2A29 §7) 25°ColA 583 WIEA)7 )= &
otoll GSH7} H, 0,90 23] GSSGE 2353 o} o]
GR3} NADPHe] ]38 GSH= #9¥ = NADPHE
8= o] NADPH7F NADP'2 A3lH e Fx &
340nm#Aol 4 time scan® 3bod NADPHS) 2}
E3AF (ERn622mM " cm™ ) E o) &3 A e
498 N&sle wd Q! Pagliast Valentine(1967) 9]
ol o)3lgirh o] A4 A9 Bl 187 Img)
wio] ukg-ste] 22E NADPHE » moleZ 1}
Wik

o) A¥olM AUg ALBHE SHYE] 3
EE Boly) 939 Sigmarle) FMEALEL AR
&} Ao g ARl el 23] 248
2 JEAE 3k 22l o) Ay g 5L
PAE 23 AL BB A= computer control-
led enzyme spectrophotometer (Varin Cary 210)
7 1=

Cleldgl @ A4 o5 o] vl g & 0.5N perchloric
acid®} methanol-ether EHH(3: 1) 2 Gag 3
A8l Greenberg® Rothstein(1957) o2 A4
Zo -2 YA % ob2 biuret¥(Gornall 5, 1949)
o2 FFHPH

dold O AXEe HFAF 43 winrst J
8% A$+= Studente] t-733 ¥ (Schefler, 1980)9i
o3t HAsGh

o X

HAZio| GST giag e HE @ AR cyto-
sol, mitochondria ¥ microsome® 32} GSTHA £ 9]
WEe 274 31,2 939 2o #79 44 AAE
X A7) cytosol?} mitochondrias 8 2] GSTEA
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Table 1. Activities of cytosolic glutathione S-transferase (GST) in regenerating rat liver after partia] hepatec-

tomy
GST activities

Post (n moles conjugated dinitrochlorobenzene/mg protein/min)

hepatectomy

day(s) Orginal liver (%) Regenerating liver (%)
1 148.2+214 (100) 139.8+20.3 (94)
2 147.7+19.8 (100) 111.8+16.2* (76)
3 150.3+20.6 (100) 103.7+14.1** (69)
6 15124223 (100) 109.2+15.3* (72)
10 149.8+21.8 (100) 146.3+19.8 (98)

The data are expressed as mean+SD with 5 rats in each group.
Significant difference from original livers (*;p 0,05, **;p 0,01).

Table 2. Activities of mitochondrial glutathione S-transferase (GST) in regenerating rat liver after partial hepatec-

tomy
GST activities
Post (n moles conjugated dinitrochiorobenzene/mg protein/min)
hepatectomy
day(s) Orginal liver (%) Regenerating liver (%)
1 138148 (100) 139+5.1 (101)
2 139+4.1 (100) 10.7+56 )
3 14137 (100) 115436 ( 82)
6 135+4.3 (100) 14.2+6.2 (105)
10 132438 (100} 14.0+5.1 (106)

The data are expressed as mean+SD with 5 rats in each group.

Table 3. Activities of microsomal glutathione S-transferase (GST) in regenerating rat liver after partial hepatec-

tomy
GST activity
Post (n moles conjugated dinitrochlorobenzene/mg protein/min)
hepatectomy
day(s) Orginal liver (%) Regenerating liver (%)
1 202446 (100) 19.6+5.2 (97
2 21.3+39 (100) 22.1+4.2 (104)
3 194431 (100) 27.3+4.8* (141)
6 189+4.2 (100) 238+39 (126)
10 18.2+4.7 (100) 1954+5.1 (107

The data are expressed as mean+SD with 5 rats in each group.

Significant difference from original livers (*;p 0,05).

T A el Jud Al7le) ot Rasck 1
2t} microsome®-¥& oA 7ol 43t FrE A
& A7) cytosol ¥¥e] GSTEA=E A
¥ 2¢doll Ao wlEte oF 24%(P<0,05) 9 48
Byom, 3dole 9 31%(P<0,0D), 6%l <F 28%
(P<0,05) 9 48 RYdh 18] mitochondria ¥

o] GSTRAEE F -4 F 290 Wizt vl
o} 23%, 3Yol= o 18%9 FAE Jehjglonvt
ZAItE o9 gl 1279 microsomes 8 2
GSTEA S THEA F 3] falzto] vis) <}
41%(P<0.05), 64l o 26%2 718 Bt
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Table 4. Activities of glutathion reductase (GR) in regenerating rat liver after partial hepatectomy

GR activities

Post (p moles NADPH oxidized/mg protein/min)

hepatectomy

day(s) Orginal liver (%) Regenerating liver (%)
1 948+ 148 (100) 805+149 ( 8%
2 9324156 (100) 752+ 161 ( 8D
3 929+179 (100) 7164152 Cm
6 908+143 (100) 951+132 (105)

10 8961138 (100) 920+ 146 (103)

The data are expressed as mean+SD with 5 rats in each group.

Table 5. Activities of cytosolic glutathione peroxidase (GSH-Px) in regenerating rat liver after partial hepatec-

tomy
GSH-Px activities
Post (n moles NADPH oxidized/mg protein/min)
hepatectomy
day(s) Orginal liver (%) Regenerating liver (%)
1 14.0+2.2 (100) 141423 (10D
2 16.1+2.0 (100) 10.2+2.1** (63
3 15.8+2.7 (100) 84+19* ( 53
6 14.9+26 (100) 53+1.3"* ( 38)
10 17.2+31 (100) 6.8+ 1.6%** ( 40)

The data are expressed as mean+SD with 5 rats in each group.
Significant difference from original livers (*;p 0,05, **;p 0,01, ***;p 0,001).

XHA4Ztel GR 3 GSH-Px2| AT BigE : §3
A AB7re] cytosol 8o GR ¥ GSH-Pxe| #A4=
HEe 747b ¥ 4 ¥ 59 #oh HFHUNAES A
F AATre] GREAZE o] g A7 s
o7t g ATS UEI e A7 cytosol
B39 GSH-PxBALEE rgAA F Algto] A
3 adte %S JeEhidoh F Aake] GR
FAEE TEEA 3 190= Lzl H3hed 15%
4E Bgon, 2ddE 19%, 3¥9l= 23%9] 7
A28 BRgoy SAEA ool gich 18l 1 cyto-
sol B89 GSH-Px®] A=+ 7Hgdd ¥ 29

L ztal vlah oF 37%(P<0,01), 38 ¥l oF 47%
(P<0,05), 68 Foll &= ¢k 629%(P<0,001), 10Y F-of =
2F60%(P<0,001) 2] AXF FAE Bk

[

2

B9 o 2097t B ) FEH F2ARE
BAse dRE tde $4Y 444 dehyo)

ufj &0l (Becker 1963; Ksukada ¥ Lieberman, 1964;
Lieberman} Kane, 1965) #1# o] 7t @Al =&
AP A Ytel BEHYALE A7 & ¢ U Y
model 2 92} o] &5 3L 9lth(Ksukada ¥ Lieberman,
1964; Fansto®} Van Lancker, 1965; Lieberman %
Kane, 1965; Bucher, 1967; Fritzson, 1967; 7, 1968a;
71, 1968b; #%, 1968; W, 1969; Lamy %5, 1973;
Okubo®} Chandler, 1974; # ¥ =%; 1978; Clement,
1979; Sekas®} Cook,1979; &, 1980; Sheid, 1985).

oA ZERgel Buag A7ie EEA F1
Yol A 3U Abolbil 3t (3, 1968a; H, 1968b) o]
A7l B - diA] #eddte] o] AAES ¥
HELE, Qo] &3 Al7lel B/do] FUlEE
F4-& B9 5-nuclectidase (¢ 3+ 2, 1987), y-gluta-
mly transpeptidase (3t # 2, 1987), malate dehydro-
genase (7] 5, 1986), adenosine aminohydrolase
1980) sia-
lyltransferase (Clement, 1979), alkaline phosphatase
(Z 2@ %, 1978), UDP-N-acetylglucosamine 2-epime-

(Sheid, 1985), leucine aminopeptidase (%,
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rase (Okubo %, 1977), thymidine kinase (Nawata®}
Kamiya, 1975), glucosamine synthetase (Qkubo%}
Chandler, 1974) % acid phosphatase (Lamy %,
1973) 5 o|x Aol @it AlViel] 1 @A)
A8 B4 aspartate aminotransferase (£ %,
1988b), xanthine oxidase (7 %, 1987), superoxide
dismutase (% %, 1987), catalase (Lamy ¥, 1973),
urate oxidase (Lamy %, 1973), D-amino acid oxidase
(Lamy %, 1973), L-o-hydroxy acid oxidase (Lamy
%, 1973), B-glucuronidase (Paris, 1972), N-acetyl
sulfatase (Paris, 1972), CBA reductase {Fritzson,
1967) % uracil reductase (Fritzson, 1967)% ojch

o] A& A 73 AAG F 14, 29, 39,
69 2 1049 MMzt A cytosol, mitochondria &
microsome s 8 2] GST9 cytosol ¥#3F¢] GR#
GSH-Px9] €48 &3t AU A o] AA9
4o oA HERI=AE gt Aol

o dgoA HFe THHE A F AU A
cytosol o GSTEAHE® rgdA £ 29, 3¢
2 6dol 7t w4 §2.™ mitochondrialE 8ol A
T olg g4z 29 ¥ 3%l okt HA HACh
a8y A7l microsome® oMo GSTHAE
v UEEA 3 39 ¥ 6Yod 9 Fvt HRA o
Ao A ATl microsomeF ol %L cytosol
8o ool vls) ¥R Hego|v] wFo) o] Y
A1F o) A microsome® 89 GSTEA o] F715A
ot Akl EGSTEAEE AdsdRw e
ZGSTEAE By ZAsel Ut a3z o
AP A A cytosol B8] GREAEE 7
FHA F 19 FE 3Y7HA 7 A& HUL2W cyto-
sol #89 GSH-Px9] §4 %% HEAEA & 2U%H
109742 |x3) PBAaEHe] vk o] 4He AH
712] Z+Z M= cytosold}  mitochondria®- & 9]
GST= #4do] #AHD microsomed & o GST+
gAo] Fr7iEn AW FGSTw 184l HA
Bl AE BoE Holn) 3 cytosol] GREA
=9} GSH-Px845% Ayl F48 A7) Z
A2%osE A HogE Aol

A 719 el Me TRA Y NS Y +4F
22 #in Aol F71 (Kuskada®t Lieber-
man, 1964; Fausto®} Van Lancker, 1965; Lieber-
man Kane, 1965; %!, 1968a; 71, 1968b) =™ vl o]
A 57l d g4 o) MsHE B F, 1969;
3 %, 1986) 50 o AAEE: FAEA W

el figel xEEo AHAEF 1986), %
(1986) 9 2j8hH A 7ief Fx3L Wolrdel &
Hyoh: e 93 ¢ feleFgos U o
Ab7E Qe E|s= Aol Bbgsivia glow -5 (1988a)
= Aol e E-diAbe ] FE s o
A}z Aok &Yk

ol H#Ael XA o HYPAMHoE
GSTS GSH-Px= & 5o Badls 40 W
By o] g3 Alvldle 184dol 7
Aelct, 1a]3 YAz cytosol ¥HolAe] GSH-
Px2l &474v A50986)0] 8H AT A #
5 A 40 olgrol AT %7
%9 Adle W& £9sch ey adEA 3
1€, 29 2 39% AL AM e GREAE Hae
o] H¥ ZHuvlo gy Fojoldl MyYsdv] ofyrh
283 o] Agwre s AU ol A9
BAdZF7el giQle] FoldAly ¥Y £ v} glen
w8 Hie BA4Zo] ZWlAES FHAUA,
AW e By gk wela gzt
el olE Hio A WHF UJdH M ¢
o8 A% F78 Hopok sAct

e o

Ao A GST, GR ¥ GSH-Pxel #4d¥s &
dolr sl st AT FEAASL 19 FE
10471x1e] QY7 A EA GST, GR ¥ GSH-
Px2l ¥4 ® mitochondria 9} microsom + & o)A
GSTE4& 22 A3

AFAAY] GSTEAEE cytosol FHAAe=
rEEA ¥ 29 BE 6Y7A], mitochondria¥ &l
M 29 9 3o 3 gAaHATk 22ty micro-
some# &2 HAEA F 3d F 6] 47 F7}
¥ At

AAZre] GREAEE WA F 19,29 £ 3
Aol o7k FFAaEYon AP FEH e GSH-Px#
AET g dA 32 FE 104742 €A 24 E
vehi T

2 22 8
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