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Abstracts - Experiments were carried out to investigate the lipid peroxidation (LPO),
superoxide dismutase (SOD) activity and histopathological change of hepatic tissue for
rockfish, Sebastes schlegeli after feeding sub-chronic dietary Benzo(a)pyrene (BaP) in
the concentration of 0 (control), 0.5, 1.0, 1.5, 2.0 mg kg~' dry food of diet for 30 days.

In 2.0 mg kg™ ! dry food group, the significant increase of LPO was observed in all
period, and SOD activity was incresed at 30 days significantly in the same concen-
tration. In the histological investigation of liver, there was the swelling of hepatic cells
at 10 days over the 1.0 mg kg~ ! dry food concentration. At 30 days Periodic acid- Schiff
(PAS) positive granule was observed in the same group and at 20 days was observed in
2.0 mg kg~ ! dry food group. And there was necrosis of hepatic cell in some fish of 2.0
mg kg™ ! dry food group at 30 days.
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# - benzo(a)pyrene (BaP)E n]%3dF Win]A Aol B
A2 o) N A7A 29= 5 A BaPrh 9
37 Foz $YHE= A2E o= polycyclic aromatic
hydrocarbons (PAHs)2] Z$-2} Ze] F=2 Mg} M=t
I e AEF BE 4ol 93 (Baumrd et al.
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1988), Holateg B3l FHFAEY A= A F4l=
v} (Stange and Klungsgyr 1997). BaP= 12x}¢] PAHs
£ dmsl= EA 24 Internal Agency for Research on
Cancer (IARC)ell A 1983 3¢l] Q1A $H& WPAZ 4
UE A2 Eislo BaPe] BRI 25234 57)
o WA sl R FAH I, EAlEFe] A Mgl s &
el HA) dom IEAe] o} dof B F 22 F
A58} (Plante~-Cuny et al. 1993).
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M x2] kA §A| = free radical WA A&} free radical
Wl Atele] #Ee) F2 &3 Hivl A& free
radical H}o] Al 4] superoxide dismutase (SOD), glu-
tathione peroxidase (GSH-px) ¥ catalase 58 Z 35|
£ Eo Yol 43T Aok 223 olF 2AelN
SOD & sAHlelAl= &7- 9l 37 9939 indicators.
A o]43 4= 9) 2w (Achuba 2002), H oz =AWz
A LS 3 Y 9% 2EEE 22 a9 s
A=3 & 4 ¢Jo}(Hinton and Laurén 1990).
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Fabst w8 fr=ste A FAkEE 2[R9 g, SOD
24 2 3 du|A S 53 A 2o FHeFtA W)
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1. AdFE

Z3|Be} Sebastes schlegeli (7 11.10+0.03 cm, X
% 2162029+ AEE T A foiA el £
ot A A 4537 SAAZ . 2] ol F A A
74st A ”%3}@] 150 L 4] Szel] 2 A Fat
= 1094 & 2405 83190, £2Y G459 5
FL 12 L min"'2 2T $X9} AFL xpdF
sl A AAEtR o, o]l 2%, G, pH Y AL
7}7} 16.6+0.6°C, 32.0+0.5%, 8.0040.02, 7.940.1 mg
Lol gieh

APAEE Haels FE A DA E, TDE
7|2 AR 2. AR2-3}ed (Table 1) BaP (97%>, Aldrich Che-
mical Co. )& o Eo 2 o Z}Z} 0.5, 1.0, 1.5, 2.0 mg
kg '] Fxr} H=F Hrlslooh 2T BaPe ofA
S AVPIA gk, Sl oM ES AYTE §
Azt FutE o] A8 AFRE Folsldt Fole 1Y
13]ol] A oA F2) 222 A3

2. Ased 24

AlBi APAIEA) 719 o] F 10w JF sl e,
e BA 24 & e 2A7QAE 98 Bouin's
solutionel] TA3}3, U™ A= 0.9% NaClz A A&}
BAAZAR dAdsme] masdch AN 7
2 %72 teflon-glass homogenizer (099C K4424,
Glass-Col Ltd., Germany)E ¢|&3le} #3233}, o]
o] buffer: 0.25M sucrose (containing 50 mM Tris-HCI
pH 7.4)5 AHg3ldeh. #4313 A8 d%=2 LPOE

Table 1. Composition of the experimental diet

Ingredient Content (%)
Crude Protein 48.0
Crude Lipid 4.0
Cabohydrate 4.0
Crude ash 15.0
Calcium 1.0
Phosphorus 1.0

A3l on, Y= 13,000 g, 4°Coll A 2087k 44
Fesle] AsHow SOD F4S SA s

LPO%* John and Steven (1978)¢]] 2]s} 7]%<% thio-
barbituric acid reaction system (TBARS) *Hol| 2J3] A=F
sheleh. &, ALYS) zAslA B3 e B
of ols) YR B =o] TLE 7F5HE 2-thio-
barbituric acid (TBA)7} AgH oz o3& FAsh= de
Z 0] 83}y v}. SOD #Al-S- xanthine oxidaseo] ]3] Al
3}5 xanthineo| A F2]8 Al4 gld]del] 28] cytochro-
me 7} S HE kS A7kl W FA=e] WsteH
2319}, 712] 3, SOD 1 unit (U)e F%% 550 nm (pH
7.8,25°C)ell A cytochrome ¢2] 3388 50% A5 oF
2 JeEPA} (Flohe and Otting, 1984). sha-e )75
31 9)+¥ kit (Bio-Rad system, 500-0002. Bio-Rad Co.)

& AHgstel A

3. zAge 2

7o) zalge]dy #a-s 95l 7+ 22| & AF
Bouin’s §-9l¢f] A3 oL A, 2 AAE
paraffin ®v}3}¢jc}. Paraffin block-& F7 4~6um=
A)zreted o, AAtE] 2 ;EB-L Mayer's hematoxylin
I 0.5% eosin (H-E)2] 8|23} periodic acid-Schiff
(PAS) ¥F-g-2 Al Ashe] A A st
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Ao A AMEE SPSS 54 =2 13 (SPSS Inc) &
o]8-3le] ANOVA test® AAISE Fof AlE chpu|m=
Al turkey test& S3] 7] §-214 (P<0.05)& v
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Fig. 1. Lipid peroxidation of rockfish, Sebastes schlegeli
exposed to dietary benzo(a)pyrene for 30 days.
Vertical bar denotes a standard error. *Indicates a
significant difference from control (P < 0.05).

LPO2] &2 20mgkg ' S =Tl A A 7]
o} $9)H o Zr)slQc). =3} 1.5 mg kg ! o]}
FEFNME AT St Az Bis) Fohele A
& Hyl ot fodt 2ol AAHA] ¢t} (Fig. 1.

2. SOD 84 43

SOD &4dWsh= 2.0mg kg™'& A|9JF ZE B2
Al HzTe vlmste] Eoldt F7be]l FAEZA Wste
), 2.0mg kg™ FEFAAE A AP 5 G2 A
FFEg 2 A e, 30dReE Tl
vlE fH oz A velds (Fig. 2).

3. =AW &3

2T APAY 3 224> Heo) T T b
e 7t HEZE= oA, AT} REHo=
#2599k (Fig. 3, A). BaPeol| 1094 xZA)7& & 10
mg kg! o]Ae] FEelA AT B3 wjFolztn
o AR = HApo] BEAH o7 AFF g (Fig. 3, B), 20
A 20mgkg™! =9} 304A 1.0mg kg™! o]AS] =
M PAS fGAo g FAguks-& vepe A8l
AzAels 4B 23 (Fig. 3, ). =3 1.5mg kg™!
o[ 2] sxellA 30YUA el BaPe| &3 zhe] djAA]
o 2§k Aoz o&E+: lipid droplete] &t (Fig.
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Fig. 2, Superoxide dismutase activity of rockfish, Seba-
stes schlegeli exposed to dietary benzo(a)pyrene for
30 days. Vertical bar denotes a standard error. *In-
dicates significant difference from control (P<
0.05).

3, D). 13)3, 30YA 2.0mg kg™ FETHe] LHINA

oA PASe| 7Hgh g Helr IAFe]l FHAeR
vepton Hxld oz 7k Mol AAZ E72AsHA
du A= 229 itz Jehles e #3AF S 9)
)= (Fig. 3, E-F).

n

79 AE Bl 4UR SPTUL Y9Hes
hepatic portal veing E3)] ko= o]EHo] dAlET}
(Laher et al. 1984). 1811, X440 ©]-L 7}3 B
F%e] Y3}AA (ymphatic system) 7§43l 7toz
o] = o] ¥53} x| A2} (Laher et al. 1984). 13
v, dubd o2 Helg F) %% BaP: A4 MFO
o] o8 Ux}" e s Xe]= 3 (Van Veld et al. 1987), 8
A g wisA 2t zrelvt & o AVl

&, FrEw AR 2 dArse] Wl EH o (Sire et al.
1951, AZH 2 F4E BN AREElel T 7
B85 A* BaP-lipoprotein A S JA sl A E
W) fat vacuole A& B Ao} o HGeA
BaP-lipoprotein 34 A W AR} $AA ¢
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Fig. 3. Light micrographs of liver of rockfish in subchronic exposure for 30 days. A. Control group showing normal hepato-
cytes (He). B. 1.0 mg kg™ ! dry food group showing hydropic swelling of hepatocytes in which the nucleus retained a
nearly normal shape at 10 days. C. 2.0 mg kg™ ! dry food group showing a small granules with PAS positive
reaction at 20 days. D. 1.5 mg kg ™! dry food group showing the accumulation site with PAS positive reaction (Ap)
and lipid droplets (Lp) at 30 days. E. 2.0 mg kg™! dry food group showing small and large granules (arrow) at 30
days. F. 2.0 mg kg™! dry food group showing necrosis at 30 days.

Fouz BWHE YAHE AXA 41 F3=, BaPr}
AN A7 A7 e vX e HEE o8 A
gHal) ol 2]t 7,1.9& FZ=lt}(Van Veld et al. 1988).
ROSE Ata efodst 3l=sA] @ezs g3y,
"371]‘4]"“/‘1":‘ nEZoeo} oA gapy oz A4t
(Filho et al. 1993). AN ROS &2 dAalstA
(antioxidant)el] 2]s] A= o] FA|= X2k ROSL} E4)
A 7ke] H3do] AejAH dAhle] DNAE Z§s A

AW BAEAe gE T A Agele 240t 28
A=} (Ozcan et al. 2002). 18] 31, 2of] A3} o7
child s} 254, wlelg] AJ o] YA F2Eo] ofedgfo]
b 4 9loH(Tocher et al. 2002). T3 ROSE n]&-3}%
A)upab-g- 7Aaksl A 7)™ (Ahmad et al. 2000), TR
P oA YA 2 4= 2Jo}H(Shaheen et al. 1996). John
and Steven (1978)0]] 2}3lH, dwlA oz LPO: XA
=24 ge] 43ks ol XA g zhg

z7} 3]
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A3kx A FAHE A& T3 superoxideo]] 23] 3}
He oY #3AE JEald. aeEs, LPOY AHER
AME ZEdddd e 4F AE, G493, o} 2
2 HoFsk Eale] AR, 3, LPO 23] A=
FAkSH 2 Haber-Weiss WH5-3 7242 ¥k5-& 53 o
Al BAdo] 73t 3 =FA] Btz Agkd 4 gleh (Kim
et al. 1999). =3}, Canova et al. (1998)o] oJsby A AW
Z #4% BaPe] Ayl A== BaP quinoneso . A}
B3 Aket W BA2R8-0) oJ3Fg o} Al et
o2 ROSE AT 4 it 2 Ao BaP =24
2.0mg kg™ FxolAM 109 R 32 F7P} Vel
o eg, A7) Heolg B3 £4% BaPe] A}
FAAN FHEA2A P ROSH 3 A2 3t
2N A7 £4o] et Aoz Aadn

g4, SODE Ak B ZE Halstesz WHAA
HALEE A9A| 3= metalloprotein o]t} (Nebot et al.
1993). Yuk o2 SODE LPOS F7lddl we} &4 o)
Z7}3819 (Achuba, 2002), 2 A= 3044 2.0mg
kg™ TR g el ol& BaPxZel 9% =
2|EA-S FaspelE e ofA|9 wWeigFel &3 Koz
244

olf7} YR RE AEFHAE A Hd gAkgo] A
A olgta "ojAA Ha, 3714, F7149 =E A
AF3ted HAAEE EelEl AANSe] deldnt
(Copper et al. 2002). o]2]8t A2 QA= $d=5 9o
FEAY] 753 9 dAp8olM = el (Wright et
al. 1989), 7t A A EFF-q) glycogen$ glucose®. ¥
Bl AR 3N 23PN TS SRS
o] o HEA o84 5 YA A&t U=
WA B} (Junqueira et al. 1992). Schwaiger et al. (2001)
L 7 A= v s 2dE- 23 drbsE e 3F
ol 9% Askz 3231907, PAS F42] granules] &
g2 ZE|zA &8 Azt &3 Aoz BIsigd
(Thophon et al. 2003). 13122, 1045 1.02.0mg kg!
o] F=olAM vehd zF ME vid A4S 3F At
852 Z7t A% Ho= Atsdch w3, 2044 2.0
mgkg™' 522} 3094 1.0mgkg ! o]A}e] ¥EoNM &
&gk PAS oFA 9] granule> A Hod o qx] &
o 9% Fel=A Bele] Aske] A%z F2A,

Al AEdA 99l RS $EAR £ v
(Butterworth et al. 1986). BaP= LAl o] 7}3F B2 o]
o2 Az Aupds} Agst de2 AEE, ¥4
o) AAM wlZo] A Yold} (Vetter ef al. 1985).
2|1, 7rell A lipid droplete] Z7}= AEd|2o) st
HhS-0 2 A YAt o] F7ete doid 4= sl (Zaroo-

gian et al. 2001). & APA] 2.0mgkg™! o]A}] xx =
3097t &% o)FolA lipid droplete] &3 om, o]
= BaPe] Az &5 ¥ Autxz|e] A o|EA
o8t YA ubgozA HABA L Frlel| o7 Aoz
Atggle},

Ozcan et al. (2002)-2 M54 EA o] Az oA
Aol otedske 713 M= AR Fwe] EAIZF UAZ
4 vt B33t} BaPo] thAb F7HAMERA A
+ ROS:E Mzat &S HYPAA Axddag §udd
3 el A 9).ow (Majhi et al. 2000), 2 A= A
28219l 30944 2.0 mg kg™ FEToME RAA
oA z+ M| FA7} el

gl ofoll AFEHE WER AN ERL LS O3t H2E
& Al MAlsRe AEelA ofedsE 713 4 sle
o, ol AdFY AEE A= 299 = AL
4 9ok & Ao e 238 A& F3] BaPE
Fo3lge W 2.0 mg kg™ FEeAME bt - 24
Moz XAl 33 7|3 &S stk

H Q2

Al&8E 3t benzo(a)pyreneo] 3B, Sebastes
schlegeli®] lipid peroxidation (LPO), superoxide dismu-
tase (SOD) &4} 2 2] Wl Aol mA &= ok
£ A3 0 (H=EF), 0.5, 1.0, 1.5, 20 mg kg™ =
=2 ALRE At 3043t FelsislH.

LPOE 2.0 mg kg™ s=7oM A AQ7|7t 5o &
R oz Z7}5l9 T, SOD FAE 2.0 mg kg™! =)
A s09el feldez 2ohssich 2 24 AAA 10
A 1.0 mg kg™" o2 F=FollA MlEH|rt e}
Y1, 722 3 %e|A] periodic acid-Schiff (PAS) A
ooz vteh s granulee] 30YA o b, 2.0 mg
kg™ FETANAME 208438 HAFHAS. 283, 30Y
A 20mg kg ' BT dF oAM= 7 Alxe]
A7 HEE A

Ab A

o] TEE 20039 PSR SVEYATN LA
Q) Aol e AR, A7) ALl =R
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