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Effect of Styrene on Hepatic Activities of Antioxidant Enzymes in Rats
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49 Bt 1¥ 23 % 7 Bojatatt. @34 ALT ¥ AST 84 %52 gi279 3] 400 mg/kg FoiFolA
Z+Zy oF 1.28) (p€0.05) & <F 43.3% (p<0 05) K25l 716ttt ol Fof8Fo] Vs 1A
A=t AS AUl 3t MDA @eF ®i5-2 i z7o] H38] 400 mg/kg FolwollA oF 37.1% (p<0.05)
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CYPdAH B4 &+ 9F 40.4% (p<0.05) F-olatA Z71stich. AAdH o] S444A5S AA] 93t &
AFSHA &4l GPx, CAT, SOD ¥ GST A EE tiZ+o] vld] 400 mg/kg FoollA Z+2h oF 33.0%
(p€0.05), F 41.2% (p<0.05), F 47.2% (p<0.05) ¥ < 27.6% (p<0.05) F-2JotA Aot GSH =2
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. Abstract

Styrene is a commercially important chemical used mainly in the production of raw materials and
plastics. To determine the effect of styrene on hepatic activities of antioxidant enzymes, styrene was
treated to Sprague-Dawley rats at 50 mg/kg, 200 mg/kg and 400 mg/kg (i.p) twice a day for 4 days.
There were determined the significantly increased activities of serum AST (aspartate aminotransferase),
ALT (alanine aminotransferse), and the increased content of MDA (malondialdehyde) at the dose of 400
mg/kg compared to the control. The hepatic activities of XO (xanthine oxidase) and CYPdAH
(cytochrome P450 dependant aniline oxidase) in the dose of 400 mg/kg compared to the dose of 200
mg/kg were more increased, which means the excessive ROS (reactive oxygen species)s were
produced during Phase |. In addition, significantly decreased were rates of the hepatic activities of GPx
(glutathione peroxidase), CAT (catalase), SOD (superoxide dismutase) and GST (glutathione
S-transferase) at the dose of 400 mg/kg compared to the control. And, the group at the dose of 400
mg/kg showed more significantly decreased GSH (glutathione) level than the group at the dose of 200
mg/kg. The decrease in GSH could ascribe to the toxic metabolites of styrene, such as styrene oxide.
In conclusion, these results indicate that the excessive ROSs and the toxic metabolites of styrene may
result in the hepatotoxicity, and be related to their imbalanced activities for antioxidant enzymes.
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Uutx 0 2 o]E3 (xenobiotics)oll 28t AYA| AlE
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2 Aﬂz«]o].o:] o]x%ac}:_,] A= 7
sucrose S9S €1l glass teflon homogenizer
potters (B. Braun, W34, L& ol-&sto] 20%
(w/v) BRFA RS TEQT o] FERS 2AHE
7] SCR 20 BB (Hitachi, =7, IE)E 0]&3
600xgollAl 10%, 10,000 x goll4] 2087+ AAEa] st
o] mitochondira £ @i, AFHZ A
105,000x goll A 1At 57t 2 4&2Is)
H37} microsome 3 Ao o5} Ao AL
sheich

3. @3 ALT % AST &4

A Pty gAE ol @A IRE colt
activator (vacutainer tube BD, USA)°| Fstil
10-15% &%t A=2of ®FAJeto] SR &, A4EY

7] 500 (FrLzpsh, i, §=)2 ol-83to] 2000 goll
Al 1087 QAR AFT.

% ALT (alanine aminotransferase) &A%
AST(aspartate aminotransferase)@AJ =+ Reit-
man3} Freankel9] BP[15]°] w2t kic A|F (o4t
Aok, AL, =) AMESte] karmen unit2 YE

ol
4. 2t X% = MDA &

Malondialdehyde (MDA) &% Ohkawa 59| %
il o) dAFY mRXZA ukfFEHo

thiobarbituric acid (TBA) 892 7}5to] HFSA|]
% n-butanol& 7}ste] TBA-reactive substance®
B3 e A UV-1601 (Shimadzu, ZE, YE)S AL

3ted 532 nmoA =3 T BEASFALE (e
=1.5x105M-1m-1E  °l8st] FREZRZ g T
malo-ndialdehyde®] nmoleZ YeEFHALE.

5. 7t 2% & X0 ¥ CYPdAH &d =%

7t %A % xanthine oxidase (XO)9 &AL
Yoon WH[17]0] o3 S4stgiod, Bee & T
= 1 mgo] 7]1Z<Ql xanthineolAl AAH uric acid
9 &FZ nmoleE2 YEHAS. cytochrom P450
dependent aniline oxidase (CYPdAH)S] &4
Bidlack®} Lowery ®H[18]0] uke} 235190, 7]
A9l anilineg AREsto] AMAH p- ammophenol*—
phenol2 WHAIA EFFEA UV-1601 (Shi-
madzu, IE, YE)S AMESEe] 640 nmolA S35t
A B2 ZAFAT (6=6.22xmM-1em-1)=
ol-gsto] AXlstt). T= B 1 mgo] 1At &
ot ¥k8slo] A= p-aminophenol® %S nmole
2 et

6. ZF 221 & GPx, CAT, SOD ¥ GST &M =4

Glutathione peroxidse (GPx)2] &/ Paglia®}
Valentine W[19]0] et A=k 43t 71421
0.25 mM hydrogen peroxideE 7} A"

oxidized glutathione& ZHYAZ|=H 4And
NADPHE E34=4 UV-1601 (Shimadzu, TE,
UE)E  ARBSt  EAota, EAZTEASE (e

=6.22xmM-1em-1)& o83t 1 mge] Thizo] 12
7+ AFRAZ] NADPHO| S nmoleZ B48AHE
£ YUEFRITE Catalase (CAT)S] E42 Aebi B9
[20l°] @&} hydrogen peroxideE 713 3HIE=
HAEE E94% A UV-1601 (Shimadzu, ZE, L&)
< AHEste] S35kl BAEEAS (6=0.04xmM-1
m-1)E T 1 mgo] 18 5<%t 4 E+= hydrogen
peroxide %2 nmoleZ YWERHARITt Superoxide
dismutase (SOD)9] &AL Martin 59 WH[21]
of] W2} superoxide anion radicalol 93] hemato-
xylineZ2HE AHHE=  hemating  E5FTA
UV-1601 (Shimadzu, ZLE, L&) AR&3H] 560
nmolA FAstgon, R+ FFEE 50% AA
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7]14%1 1-chloro-2,4-dinitroben-zene¥} GSHo| Ht
S3to] AAEE thioetherd FPEE EJL4TA
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moleZ &4 EHEE UeERHI
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1. @8 & ALT & AST &4
50 mg/kg, 200 mg/kg 2 400 mg/kg 8352 AFE|
AS 49 5 1Y 23] B Folgh & @ ALT ¥
AST &4 ¥5Z Uehd A2 (& 1]3 2o 7 &4
o] AEZ o]gEE ALT 4L dixo] H|5] 200

1.24 (p<0.05) froJskAl S7ksk%aL, 200 mg/kg &
ofio]] Hlsf 400 me/kg FOIEL 31.0% S7FsISrt.
AST 2742 dizol Hs) 200 mg/kg Folat 2
400 mg/kg FAF 72t 22.4% (p<0.05) % 43.3%
(p€0.05) FJstAl S7Istlch

E 1. Changes of serum alanine aminotrasferase (ALT)
and asparate aminotransferase (AST) activities in
ratstreated with styrene

GROUPS
TEST C 50S 200S 400S
ALT  253:46a  273t71a  387+72a  56.7+102b
AST  760+107a  782+111a  942+151b | 10'2;1 51

Represents a significant difference at p{0.05 level compared with
control. C: control, 50S: group treated with styrene of 50 mg/kg for 4
days, 200S: group treated with styrene of 200 mg/kg for 4 days, 400S:
group treated with styrene of 400 mg/kg for 4 days. Unit: Karmen unit

3.2 7t =% & MDA &

50 mg/kg, 200 mg/kg ¥ 400 mg/kg &3F2] AF
AS 49 B9t 19 23] B4 5o & 1 24 F
MDA &% HE2 Uehd 2o [19 113 & MDA
o W2 dixLol Hls) 200 mg/kg o €

400 mg/kg EF-L Z2F 30.8% (p<0.05) T 37.1%
(p<0.05) FYsHAl S715tATt.

15
12 b b
MDA 9 a
content a

(nmoles/ g 6

of tissue)

Control 508 200S 400S

33 1. Changes of hepatic MDA content in rat treated
with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the the figures
indicates a significant difference (p{0.05). C: control, 50S: group treated
with styrene of 50 mg/kg for 4 days, 200S: group treated with styrene
of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg for 4 days.
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3.3 7t & & XO ¥ CYPdAH 2+

50 mg/kg, 200 mg/kg & 400 mg/kg &9 AFE
AS 49 B 1Y 23] B Bt & 7k 24 F XO
24 9 CYPdAH 2/ ¥5S Yerd Zio] [19 2]
9 (29 317 2} XO A== giZ+] =8 200
mg/kg 97 2 400 mg/kg T2 22 19.0%
(p€0.05) % 37.0% (p<0.05) sl E7Fstel
200 mg/kg Foiwtell HIs) 400 mg/kg Folwt2
15.2% S7Ftgict EQh AEA diAle] Fojske
CYPdAH &%=+ tizx2] B 200 mg/kg Fol
% 400 mg/kg TS 47 33.0% H 79.8%
(p<0.05) FLsHAl 7, 200 mg/kg Fofwtell
H|3l] 400 mg/kg TS 40.4% (p<0.05) F-2J5HA
Z7tot3drt.

- C
> bc
X.O. 4 a ab
activity
(nmoles uric 3 [
acid
formed/
min/mg
protein)
0
Control 50S 200S 400S

38 2. Changes of hepatic X0 activities in rat treated
with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures
indicates a significant difference(p¢0.05). C: control, 50S: group treated
with styrene of 50 mg/kg for 4 days, 200S: group treated with styrene
of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg for 4 days.

4
CYPdAH 3 |
activity
(nmoles p- 2
aminophen
ol/min/mg
protein) 1

(0]

Control 50 200s 400S

3 3. Changes of hepatic CYPdAH activities in rat
treated with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures indicates

a significant difference(p0.05). C: control, 50S: group treated with styrene

of 50 mg/kg for 4 days, 200S: group treated with styrene of 200 mg/kg
for 4 days, 400S: group treated with styrene of 400 mg/kg for 4 days.

3.4 7t =& & GPx, CAT, SOD ¥ GST &4

50 mg/kg, 200 mg/kg @ 400 mg/kg & A
IS 49 3¢ 1¢ 23] B4 Fog 1 24 F
GPx, SOD, CAT @ GST ¥4 ¥5S Ued AL
(3" 4-09 6] ¥ [O2™ 713 2

GPx AT E iz vls)] 400 mg/kg FoAv-=
9F 33.0% (p<0.05) F-<JstAl F45H3lal, 200 mg/kg
Eojto] Hl5f 400 mg/kg Folwt oF 18.1% #45t
L Aol Uehdtt CAT EAHTE gz Hls)
200 mg/kg 97 L 400 mg/kg Folv-2 ZH2) oF
21.0% (p<0.05) ¥ 41.2% (p< 0.05) -olsHA @43t
3L, 200 mg/kg Folwol vl 400 mg/kg Fold
<2 25.5% (p<0.05) -2lotA ashe= AEFo] YErs:
ot SOD AT E tiZ7] B3] 200 mg/kgFol+
4 400 mg/kg FATEL 47k oF 21.0% (p<0.05) ¥
47.2% (p<0.05) frolstA sttt GST E=x=
izl B3] 200 mg/kg Folt E 400 mg/kg &
o2 ZH7} oF 14.8% (p<0.05) € 27.6% (p<0.05)
oJstA TASHARIL, 200 mg/kg Tl Hls] 400
mg/kg T 15.0% Hadhs Aol YERT.

30

GPx 35

activity
(nmole
NADPH 15
oxidized/ 10

min/mg

protein)

control  50S 200S  400S

13 4. Changes of hepatic GPx activities in rat treated
with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures
indicates a significant difference(p(0.05). C: control, 50S: group treated
with styrene of 50 mg/kg for 4 days, 200S: group treated with styrene
of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg for 4 days.
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210
cr 18O} 2
activity(re 150 b
duced
H202 120 c
nmoles/ 90
min/mg
protein) 60

30

0

Control 50S  200S 400S

38 5. Changes of hepatic CAT activities in rat treated

with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures
indicates a significant difference(p¢0.05). C: control, 50S: group treated
with styrene f 50 mg/kg for 4 days, 200S: group treated with styrene
of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg for 4 days.

30
oD a ab
activity 25 be
(50%
inhibition 20 c
of 15
autooxidat
ion of 10
hematoxyli 5
n/mg
protein) 0
Control  50S 200S  400S

13 6. Changes of hepatic SOD activities in rat treated

with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures
indicates a significant difference(p¢0.05). C: control, 50S: group treated
with styrene of 50 mg/kg for 4 days, 200S: group treated with styrene
of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg for 4 days.

600
a
GST 500 ab
activity
(formed
thioether 300

400 c

nmols/ 50
min/mg

.. 100
protein)

0

Control 50S  200S 400S

38 7. Changes of hepatic GST activities in rat treated

with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures
indicates a significant difference (p¢0.05). C: control, 50S: group treated
with styrene of 50 mg/kg for 4 days, 200S: group treated with styrene
of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg fo 4 days.

.5 7t =& & glutathione &2

50 mg/kg, 200 mg/kg @ 400 mg/kg &9 AE|
A 4Q B 19 28 B Rl 3 24 F

w
[

il

glutathione % HE-S Yebd o] (1% 8] o[tk
Glutathione 32 izl H|s 200 mg/kgF
o 9 400 mg/kg Folu-2 2+ oF 37.3% (p<0.05)
9 58.9% (p<0.05) F-J5tA A5, 200 mg/kg
FojFa H]g] 400 mg/kg FAT2 34.5 % (p<0.05)

FolaMA AR Faol ek

GSH 4
content

(umole/ g c

of tissue) 2

Control 508 200s 400S

Jd3 8. Changes of hepatic contents of glutathione

in rat treated with styrene for 4 days.

Values are meantS.D.(n=7), different superscripts in the figures

indicates a significant difference (p¢0.05). C: control, 50S: group treated

with styrene of 50 mg/kg for 4 days, 200S: group treated with styrene

of 200 mg/kg for 4 days, 400S: group treated with styrene of 400
mg/kg for 4 days.
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ALT 842 dixol Hls) 200 mg/kg Foiat ¥
400 mg/kg Tl ZH2F 52.9% 2 85.7% (p<0.05)
Fo5HA F7151AaL, AST ALtz Hls] 200
mg/kg £ ¥ 400 mg/kg TS 247 22.4%
9 43.3% (p<0.05) F-SJstA F7Fottt. ASTF ALT
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&4 23E & o A9 &50] FTRE dF
7HAgo] AgE| S-S ERIg & AL, ol=et A
= AE3o] upeAY THEAE Rttt B [12]9t
AXeFGATE AHe] o2 A=l Qs BHH Ligata
= PEESHAIO 2 EE lipid peroxide (LPO)
= /5] BARE EYAA AlEErY SR RE

0]-8=]=[16] MDA %2 tizto] Hlsf 200 mg/kg
Fol 9 400 mg/kg T2 ZH 30.8% (p<0.05)
9 37.1% (p€0.05) F2J5tA S715t9tt. o= AEA
9] &0l Z7HAFE A|lZEute] &40 F7HEE 9]
St} E3E Kaukiainene[25]0 9ot (718419 k=
Z2717t0] 445 AT T SRRt B4
o] #til o™, Aol A7 Hog =2y 2R
A% @ 5 AT #art lokar @eH20]. ol
2o 9t A8 A% 9 G ddht -2 A
A% FEE 4 U2S YT oBE 25 AF
3} AT A Aghof| gt 7 AU Y esitt
I A7

AvF 0 & xenobioticsoll 2J3F A RAA|E &4
2 xenobiotics ZHA] #5F oftig} o]E9] thAHY
A A= Edatao] Qo) frdETia gitHol. o=t
A, AH &5F ¥ XO 844=+= Fo 83F0] 50
mg/kg, 200 mg/kg ¥ 400mg/kg o2 ZT7IrE
fFOsHA F7tote A2& YR, o= AE thAt
o] o] Egatart A=t AL gt
o} E3E cytochrome P4502 AEJEQ] tjAlA o
A B SHAR AFEQL styrene oxideo] A
FofdtH, styrene oxider & &4& fdsks A
S 43A JrH14]. CYPdAH 4L cytochrome
P450 3 e tiAlste] &2l 7ttt g A
ol[18], AE# &% ¥ CYPdAH EAH=E I
23 gz 2 200 mg/kg Folwel HIs| 400
mg/kg Fol2 79.8% (p<0.05) % 40.4% (p<0.05)
st F7ketdth. olEE A 8 F9
1-bromopropane E+ chloroform¥ &2 #7]&
AE Fol ARE 24 F 1 Tgo] 343 7Rk
= BEI27]2817F ol HHs Fi glow, &
AnoAe AEHHAY iAol BdE 4t

& 9 54 SAdAREER] o8 3F 22 &) &

A £ Qtk= AL IAEFIL Slt}. Xenobiotics
9] 5= tiAlZ phase O] sFsle= 3 24 &
GPx, CAT, SOD ¥ GST &4 ¥&53} glutathione
g M5 Slskyth A &% ¥ GPx B4
T g2 HlF) 400 mg/kg T2 <F 33.0%
(p€0.05) RsHAl FASHAUL, CAT BHZ=
200 mg/kg Folwol Hls) 400 mg/kg FoAT-
25.5% (p<0.05) FoJotAl Haske Aol UEr
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