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Glutathione S-transferase, Glutathione peroxidas =
Glutathione reductase &4 H-Fol] u|X]= ofgk*
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¢l lipopolysaccharide(Bradley, 1979)o]w o]=
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EA& JeEME 29 (Singleton3} Sainsbury, 1987)
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AA7HA g2 WS HE 71 oA E
WELe 9% &3 ¥A4H(Boivin 5, 1933; Lade-
ritz 5, 1966; Rossen 5, 1967; Rudbach, 1971),
YEL: B84 #o9se A4 (Schultz¢t Bec-
ker, 1967a; Schultz®} Becker, 1967b; Onda &,
1986), HAW A o HEL A A A (Benace-
rraf$} Sebenstyen, 1957; Rutenberg %, 1967) o)
Qo Bo| o]FdA Al o fEa
AALo] ARE B Uk o] PHNIA FelA
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Glutathoine S-trnasferase(Rx: glutathione R-tra-
nsferase, EC 2, 5, 1, 18, GST)& AWM F=
AAAAY £ FANREDARx)S #9Y gluta-
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thione(GSH) & X $#AlA glutathione?] thicester
(R-S-G)& PA8le wt-g-& Ffste Ehott(Ja-
koby, 1978; Kim 1979). ¢] 4 & &9 7lo) O
EE(Trips, 1974; Grahnen® Sjoholm, 1977;
Hayes$} Mantle, 1986) 5| o] gl o™ ZEM Eu] o A=
M EZ, AEY, mitochondira ¥ endoplasmic reti-
culume] & §th(Friedberg®, 1968; Bannikov
¢} Tchipyseva, 1978; Wahllanders, 1979; Lee$}
Mckinney, 1982; Ryle$} Mantle, 1984)1 <24
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(Mukhtar$} Bend, 1977), 34 % AAAE04Y
(Tsuru %, 1978), 7t¢(Ohmis} Arias, 1981) 5o 4|
3ol I Aol F7HEH, Agstg: =53
(Adachi %, 1981; Harisch®} Meyer, 1985), 3+¢t=
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Glutathione  peroxidase(glutathione: hydrogen
peroxidase, EC 1, 11, 1, 9, GSH-Px) = A AWl A
Farsleiel GSHRRE  AHsld glutathione
(GSSG), & 8|3 71e #413hE(ROOH)# GSH
2 RE GSSG, alcohol(ROH) 2 & A=
uk2-g &) sl &4 (Piercest Tappel, 1978; Cha-
nces, 1979; Kim, 1979) 2AM 229 2318 &4
WREL A4S HE}e 9Es B9de A
Aol (Chowe} Tappel, 1972 2 1973; Players,
1977; Chances, 1979; Wendel, 1980). o] &4 %
FEY HM MEAC ck¥F £33 (Nakamura 5,
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1974; Stults F, 1977) o} 3loH, A4l % #H 9|
Zker % 3] (Peskin &, 1978; Kitathara 5, 1983; Ca-
sari 5, 1985), o} 7 st5(Mehlert &, 1982),
4384 A% (Necheles 5, 1968), Phenylketonuria
(Steiner %, 1982; Kitathara %, 1983; Casari &,
1985)0 A 1 #Ao] ¥& Ao R Huxu gt

Glutathione reductase(NAD(P)H: oxidized glu-
tathione oxidoreductase, EC 1. 6. 4. 2, GR)= 4
ARl A 7192 oz 293 nicotinamide adenine
dinucleotide phosphate(NADPH) &} GSSGZH-H
2+8}3  nicotinamide adenine dinucleotide phos-
phate(NADP*) ¢} GSHE A 4 3l wh-3-& &5l
4 (Kim, 1979)24) ] wgg %6}04 GST<}
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29 7 AEA F2 BXH e A(Carl-
berg®} Mannervik, 1975; Moron %, 1979; Gold-
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oF(Manso®} Wrablewsky, 1958; Kerppopa 5, 1959;
West 5, 1961; Wakui 5, 1976), Ald3lgi 3%
Al(Kumata 5, 1975), 2+¢(Taniguchi %, 1974;
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£-& 343 lipopolysaccharide(Singleton®} Sains-
bury, 1987) 01t} ks GSTE AXAAH ER S
5 ANEaELY W ol oA 2 FAo
FAERE WELE RAYS uf oF 53
A 1 o] dEdE Aoz Az et

54 Fo koM ol EAe A W U
R off o} & £ giSirh

of e WEAL Fo & 9 &5 F
o5ty] At dEoz HFAA UELE
I BAHR At YEQ GSTY &
7+e) A XA, mitochondira ¥ microsomec] A &3
Sl 3 dl 5 849 GSH-Px9} o8 544 714
TH AL GRY GAHARE 7oA EF3AoH

R

Fo3
)\515

R

=
=

ol ¥AolA GST ¥ GRY EH=x &4 &
Ale] oL AFE Rt o

ME U

SE U MA I FES 4FO|F L& 2R A}
-3t A5 280-320g¢] H+& Sprague-DawleyF 9] <
HHE Ao WEL F9T € dETes
WA A4 UE4A Y S A Ade FYEF
3A1ZE, 8AIZE L 24 A1 b Zkzt 100LE] Y Fof A F o)
A F 3.

2 AP NE By FEaRes 4% dAF
ARG 202 ARG AR e AREHE A
AtE FAE ALY AEFSE HEE ST 2T
el 4ATE AF kT 125mlE FYRH
s Fhae 243 (19879 i £3t9
SigmaAle] W54 (E. coli, 026: B6, lipopolysac-
charide, Sigma, USA)E A2l 2ol dmg/mio]
TR B AT kgD omgol HES ¢ AYor
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Alef : Reduced glutathione, oxidized glutathione,
2, 4-dinitrochlorobenzene(DNCB), ethylene diamine
tetraacetic acid disodium salt dihydrate(EDTA),
reduced nicotinamide adenine dinucleotide phos-
phate tetrasodium salt type III(NADPH), gluta-
thione reductase Type IlI(from baker's yeast),
glutathione peroxidase(form bovine erythorcytes),
glutathione S-transferase(form rat liver) % 9
E—’FQR(lOg/lOOml bovine albumin) %<& SigmaAl
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mber clearance 0.005-0.007 inches) & 2~4CE&
2181 A 400rpme] £52 ZAAYA 53 48
vk st 10w/v% 9] 2 2T ARS HEUY 2
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gradient YA EH(FE43 #F34], 1986) 0.2
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3l 239 vrlgRE, o 2 9349 RS
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AL pelletE 0.25M sucrosejol] AHEAFL o]
& 10~35w/v% sucrose liner density gradient
498 92 Y4BT A F3AA 88,500X
gol A 1583 A4 Eelste] 42 AR T EH%
Ao FAH pelletE Ro}A 88500X goll A 1412+
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g9 AX PPl BE 2FL 2~4ToA
Algstgom olu A3 YAlEE 7]= Du Pont
SorvallAl9] RC-5B refrigerated superspeed centri-
fuge®} OTD-65 B ultracentrifuge T o) ® A}&-3+
rotore Du Pont SorvallA}¢] SS-34 2 T865 rotor
41 sucrose linear density gradient-&9 2] Aze
gradient former(ISCO model 570)& AM&319t}.
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Aoz YA FHen o] AeAE ultrasonic dis-
membrator(Fisher model 300)& 20+0.4k cycle/
secd] 7oz 284 53 1087 2SS90 E
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&4 gMr =X ¥4, X4, microsome ¥
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7|14 R & 25T A 287 wHEAlYE Bt A
4%® GSH-DNCB conjugate®] ®A&4A=(Egn.
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Table 1. Effect of endotoxin on the hepatic glutathione-S-transferase(GST) activities in rats

GST activities

Hours (nmol conjugated dinitrochlorobenzene mg protein min'l)
after
Cytosol Microsome Mitochondria
endotoxin
injection Control Endotoxin Control Endotoxin Control Endotoxin
(%) (%) (%) (%) (%) (%)
3 168.5+24.8 152.7+225 18.1+44 17.3+46 134447 12.8+4.3
(100) 9 (100) (96) (100) (96)
8 169.7+23.6 142.4+23.4* 18.3+4.1 10.2£3.0%** 13.8+45 13.6+4.1
(100) (84) (100) (56) (100) (99
24 170.3+24.2 144.6+25.1* 186+45 12.243.1** 13.5+4.2 13.3+4.6
(100) (85) (100) (66) (100) (99)

The data are expressed as mean + SD with 10 rats in each group., For control group, the rats were injected
physiologic saline solution, and endotoxin group, a single dose of 5mg of lipopolysaccharide (E. coli 026: B6 from
Sigma Chemical Co. USA) was injected per kg body weight.

Significant difference from control (*; P<0.05, **; P<0.01, ***; P<0,001).
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24174 tiRTo| ¥ 2 oF 16% (P<0.05) 2
o 15% (P<0.05) 9] 9j9Ude A H4LE Ve
Ak =L o2 microsomal GSTS] A==

E4 Fo F 8AE B 244 70el =Tl Ml
Z17} oF 44% (P<0.001) ¥ oF 34%(P<0.0D)9 9
AAE A #H4E YA WEL FoTe
mitochondrial GSTY] BAEE A¥ A 77t 99
de g49 B5S JeuiA stk

LS4 07} F712] GR 4T O[AjE Hat:
A kgD omge) WEAE RS o) g3 9
GR M= WE2 829 AT & 54 oL
GRS AT+ WEL Fo] F 2447t 2Tl
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ERA QT
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7o) GSH-Px 8AE W% ¥37 Zuh 2 s
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Table 2. Effect of endotoxin on the hepatic glutathione
peroxidase(GSH-Px) activities in rats

Hours GSH-Px activities
after  (nmol NADPH oxidized mg protein min!)
endotoxin Control Endotoxin
injection %) %
3 151+26 134423
(100) (89)
8 153424 12.6+1.9*
(100) (82)
24 15.5+2.7 13.8+2.1
(100) (89)

The data are expressed as mean + SD with 10 rats
in each group. Endotoxin was given as described in
table 1.

Signinificant difference from control(*; P<0.05).

Table 3. Effect of endotoxin on the hepatic glutathione
reductase(GR) activities in rats

Hours GR activities
after  (pmol NADPH oxidizéd mg protein?! min?)
endotoxin Control Endotoxin
injection (%) %
3 902+ 162 8521148
(100) (94)
8 908+ 165 807+132
(100) (89
24 911+160 7661 125%
(100) (84)

+ SD with 10 rats
in each group. Endotoxin was given as described in
table 1.

Signinificant difference from control(*; P<0.05).

The data are expressed as mean +
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Table 4. Effect of endotoxine on the serum gluththione-S-transferase(GST) and glutathione reductase(GR) activities

in rats
Hours GST activities GR activities
after (nmol conjugated DNCB /! min?) (pmol NADPH oxidized el minl)
endotoxin Control Endotoxin Control Endotoxin
injection (%) : (%) (%) (%)
3 39.8+223 394124.1 64.2+10.2 104.1+£23,1***
(100) (99) (100) (162)
8 4031236 67.2+27.4* 653+ 7.8 127.54£32.6***
(100) 167 (100) (195)
24 40.7+22.6 70.3+25.4* 66.0+10.5 111442629
{100) (173) (100) (169)

The data are expressed as mean + SD with 10 rats in each group. Endotoxin was given as described in

table 1.

Signinificant difference from cotnrol (*; P<0.05, ***; P<0.001).

DNCB=dinitrochlorobenzene.

FATAE JERATH

LS4 S0yt & GST ¥ GR A =of 0[x|s
Ak AF kg Smgd] IEAE FARES W 85
ko] GST 2 GR A% HEL ¥4 9 2t} &
UWEL BoFe] 84 GSTY FAEE WEL B
Z 8A1ZF R 24T oiEite] Hisk 4R oF 67%
(P<0.05) 2 oF 73% (P<005)¢] &&= SIS
et WE4A £979 % GRY E4=&
WEA o 3 3A7h A7 E 24A]3be] tiETell
v Z+z oF 62% (P<000D), oF 95% (P<0.001) %
oF 69% (P<0.001) 2] olelle &4 Fvie e
At

&

Kl

WEL 508 Q7 7t &4A) s 4647 HE
Ztele HArEAde] Uehte A7 Fee Ak
Azt i) gakal ol F 2447t 7AA A&HEnt
(Onda 5, 1986; 2133 %, 1987) 31 gc}, 22]al o]
9] mitochondriax &%, &3, W& Fx9 &3,
Woute] &, mge] EE S, cristacd] WA H
24 9 W3 (Schumer 5, 1970; White %, 1973;
Yoder 5, 1985; 7133 %, 1987)7F Uojutil en-
doplasmic reticulum® &2 9 23 52| 1 3}(Rangel
%, 1970; Yoder %, 1985; A4 3] T, 1987)7} et
Aoz 48A gith

WEL7} B4 JelE AL lipid Azte A28
3-4-8k3L 917] W&Zo)9 (Singleton®} Sainsbury, 1987)
oA UELe AAN F8 dEE e WVF

371A 7} 740 A(Trapani 5, 1962; Bjpmeboe %,
1972; Triger &, 1972)°]th

GST: XA 23 & AS58te 5
ok o 7heflA o1 o] FAER
ZoqgE e o8 dEss) A8 oA GSTY
BA=7 /MRS FA 2 $HE 7 "
AZHA} 22t o] 43| 2t mitochondrial
GSTe] 4=e ¥WEel filed ¢t Axd o
microsome®] GSTE 1 &AJo] ZAdI{c} 281
BZ oM GSTY A= S7HE AT o] 9he]
GST7} A ¥£3 % microsomed)| A 1 &4 =7} 4
¥ FA EFelA 1 8= FUHE AL

A B2 oAl HAF 2 &7 FH g
W3l deve AR vwfol £ ) o e
HLZ ko] GSTVF 502 f&He & Wgd
AAFolgl & 4 it} E3F rough endoplasmic re-
ticulum(microsmoe) o] @9 4 Fholn HEA
Eo Al microsomeol A 4% FAEAA WEIH A
oldrie R (Rangel %, 1970; Yoder %, 1985;
1A 8 %, 1987) ¢} U =427} phosphoenol pyruvate
carboxykinase, tryptophan oxygenase, monoamine
oxidase, xanthine oxidase, carboxylesterase, aryle-
sterase I cholinesterased| A o]& EA9 FAS
A 71tksE B (Berry 5, 1966; Berry$} Rippe,
1973; F&4] 5, 1991; #F4 5, 1992)2 & o
microsomeo| A1 2] GSTE AT ZAE US54
9} 8] microsomal GST?| FAlel Z4H wiolet
Az+E v}, wEkA GSTi= monoamine oxidase, xan-
thine oxidase(#&4] %, 1991), carboxylesterase,
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arylesterase @ cholinesterase(Z 4] F, 1992) A &
UWES FoA 2 §40] 287 S BFez
fFEHTT A4ET

o] A¥olA mitochondrial GSTS 84 =7t
E& Bolz gke AL o AF wror I of
By Addgslrle @y sS4 5
mitochondrial GST7F & 314 &= ez 3
At

o] A& 7+ GSH-Px:= L 8A4=7} 7hi
dge o] AA9 7)%F0] A3tE &4 WA &
ote 7He B3se 98 (Chows) Tappel, 1972
2 1973; Players, 1977; Chances, 1979; Wendel,
1980) 9 & & W 54 Fo92 2 A= g4
RAE o] 4y wog W3] HdHsrie oyt

GRE T 44 dFoz feEsEs A(Manso
9} Wroblewsky, 1958; Kerppopas, 1959; West%,
1961; Taniguchi &, 1974; Wakui%, 1976; Tor &,
1982 FeiA ggom o dPANE BelMe
3 gAEY) gaEHI EFdAe I 4R F
tEE Hog Hol EA FoAde A ¥
202 f&dE Aoz 4490t =F T GRY
AT AE 7 GSTY FAEI Z4H7] &9
718 FF¢ 984 TAE bR allelz 4
Z+Arct
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EAEo BF I #4=r #4: HU ol%A

E& FYA el olF glutathione ¥ 3=
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WEL FoF9 GSH-Px9 SAZE EL F
Z A7k elegle 84 AAE JYERIAC
Bk F97Y ¥A GSTY 4=w vsa
Fo] & 8AZ L 2447 el A FUME
veEh WEA Foe 84 GRe B4EE
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Effect of Parenteral Administration of Endotoxin on Changes of
Serum and Hepatic Glutathione S-Transferase, Glutathione Peroxidase and
Glutathione Reductase Activities in Rats

Chun Sik Kwak, PhD; Kyo Cheol Mun, MD*¥; Sang Chual Kim, MS**

Department of Biochemistry, Keimyung University, School of Medicine, and Micorobiology Division,
Kyong Sang Buk-Do, Provincial Government, Institute of Health and Environment**, Taegu, Korea

The activities of the cytosolic, microsomal and mitochondrial glutatione S-tranferase(GST) which are
detoxifying enzymes in the liver were measured in order to evaluate the detoxifying ability of the liver
to endotoxin. The activities of glutathione peroxidase(GSH-Px), glutathione reductase(GR) in the liver,
GST and GR in the serum were also measured.

For administration of endotoxin, a dose of 5mg of endotoxin (lipopolysaccharide E, coli 026: B6, from
Sigma chemical company, USA) per kg of body weight was administered through a right external jugular
vein. Then the rats were Kkilled after 3, 8 and 24 hours of injection with endotoxin to measure the activities
of the above enzymes in serum and their liver.

The activities of the cytosolic and microsomal GST in the liver showed a significant decrease between
8 and 24 hours after endotoxin administration, but that of the mitochondria showed no signifcant changes
throughout the experiment. The activity of the GR in the liver showed a significant decrease at 24 hours
after endotoxin adiministration. The activity of the GSH-Px in the liver showed a significant decrease at
8 hours after endotoxin administration. Serum GST and GR activitites showed a signifcant increase between
8 and 24 hours and between 3 and 24 hours after endotoxin administration respectively.

According to the results, cytosolic GST, microsomal GST and hepatic GR leak into the blood through the
damaged membrane of hepatocyte. And it is suggested that the synthesis of the microsomal GST in the
liver is decreased.

Key Words: Endotoxin, Glutathione peroxidase, Glutathione reductase, Glutathione S-transferase



