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Changes of growth, hormone and xenobiotic-metabolizing enzymes in

crucian carp, Carassius auratus after long—term PCBs exposure

Ok Hyun Lee

Department of Fish pathology, Graduate School

Pukyong National University

Abstract

The objective of this study was to investigate the effects of long—term exposure
to Aroclor 1254 on selected detoxification enzymes (EROD, ECOD, UDPGT, GST)
and antioxidant enzyme (SOD) in the liver and kidney, growth, hematological
parameters, sex steroid hormone and vitellogenin variation on crucian carp
(Carassius auratus). Crucian carp were exposed to various concentrations of Aroclor
1254 (0, 2, 4, 8, 16, 32 ug L") for 32 weeks.

Length and weight growth rates of crucian carp exposed to Aroclor 1254 were
significantly decrease after 16, 24, 32 weeks and growth rates were significantly
decrease above 32 ug L' compared to control. This study revealed that high
Aroclor 1254 concentration (= 32 pug L™ reduced growth of crucian carp. Aroclor
1254 markedly increased microsomal cytochrome P-450-dependent monooxygenase
activities toward 7-ethoxyresorufin and 7-ethoxycoumarin in the fish tissues.
Aroclor 1254 induced significantly elevated liver ethoxyresorufin O-deethylase
(EROD) and ethoxycoumarin O-deethylase (ECOD). With respect to enzymes
mediating conjugation reactions, hepatic and renal UDP-glucuronyl transferase
(UDPGT) activities showed elevated levels especially with the 32 ug L' Aroclor
1254. Crucian carp hepatic cytosolic GST activity, enhanced by all the Aroclor
1254, was found to be a sensitive biochemical marker of oxidative stress. Crucian
carp exposed to Aroclor 1254 was dependent on the exposure periods and Aroclor
1254 concentration. Long-term exposure to Aroclor 1254 induced EROD, ECOD,
UDPGT, GST, SOD activities in the liver and kidney.

Plasma testosterone level was increased significantly in female fish exposed to
Aroclor 1254 (32 ug LY at 32 weeks. However, Plasma estradiol-178 was
decreased significantly in female fish exposed to Aroclor 1254 (16 and 32 pg LY
at 32 weeks. Levels of plasma vitellogenin (VTG) in male fish increased at = 2 pug
L' after exposure with Aroclor 1254. Plasma VTG level was no significant
difference in female fish expose d to Aroclor 1254 compared to control. These data
indicate that waterborne can affect the toxicity of xenobiotics to fishes through
alterations in hepatic and renal enzyme systems, and thus should be considered a
potential source of variation in toxicological studies with fishes.
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Lee (200D w2, 74 7]7ke] PCBs 5%+ 0.99~580 pg/kg=A 7+
Lorom Fekul 0.99~2.5ue/ks, AT E 2.7~28.0 pg/kg7t HAE 3

i Ao HauFEArh e Jeong T (20012 G5 AL EHAHE
3 PCBsel % EA4 ZAbold EHHEZUS PCBs FL®BE7F AF-4
H AT A A 108~141.0 pg/ke® 7HE Eokom 1 9l 5t FH
o M= 1.1~5.9 pg/kg=E A AFHET= 3tF¢ 3w@iZoA PCBso %
7b =A vEbga gl 845 1a(2002)0 wEE G5 f-oel A4
sh= ol AelA FAREE PCBso 5% s%+ 0.74~5.41 pg/kg= A

M2l 0.24~0.73 pg/kgRth =7 H4EHS Hasdrt. meks] PCBst

HolAl&2 B ABHH0] Yol shsAol A, AF oPW FAEY

AHAE S5t Azt AE d3FES wEH 4 Atk (Lindstrlom-Seppa et
al., 1996; Morris and Carbral, 1986).
PCBs =%o tigt XfFAAe 54 a95 B A, &, AH &4
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Oncorhynchus mykiss®] 2~¥|Zo|= AA W& (Miranda et al, 1992),
o2 CYP1AY % (Dioxon et al, 2002), T2k Aol W3}
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(xenobiotic-metabolizing enzyme system)”7} ¥F$3d}o] AA|HISES do

71t} (Van Veld, 1990). o] a4 Al= HE A X2 microsome°] =)



3, o] Fo| A= cytochrome P450 monooxygenase (phase D9} X3ta
2~ (phase ID7} =2 #HAsdgz del-d  rd (Chambers and
Yarbrough, 1979; Hansson et al, 1978). dwWtd o g LAl EA

Zte 7719 =4 PCBso AA W it tiio] rell A o] Fo] A A]
T A o] Folxith. Fhel A o]EA Ak Hofsts AR

microsome &g EAstE ol EHAALE LA o)A o] B thAMEG-©] 2
< A A 1% ¥kg (Phase D Al 2% WEg (Phase )o= udth
(Kleinow et al, 1987; Stegeman and Kloepper-Sams, 1987). A 14+
k2 (Phase [)& 7]%7] (functional group)E E=¢&t= wkeypgoz w
<= A8 oFEeo] 4ks;  (oxidation), 2  (Reduction), 7}5 -3l
(Hydrolysis)s& WolAl SA71E At A 24 v-&2 23

H
41 UDP-glucuronyl transferase (UDPGT), sulfotransferase (SULT)<e}

[-411‘4
oo
o
ut

glutathione S-transferases (GST) ¢ &47F S9&4d = A 1744 v
<SS AR gAREE] AAIAEE (glucuronate, sulfate, glutathione%)©]
AZE = GARA o] HAFE A FUILHdEAS 545 A A=
o] Z21¥9t} (Goksoyr and Forlin, 1992; 4+ 1995).

Cytochrome P450 1A1-& 7-ethoxyresorufin—(O-deethylase (EROD)%]
7149l 7-ethoxyresorufin® aryl hydrocarbon hydroxylase (AHH)2] 7]
Al benzo(a)pyrenes tAA|7]7] W&o ERODS} AHH A= SAHS

F3f 4 cytochrome P4501A19] =& FHgHo= & 4 9. Hg

!

v

7-ethoxycoumarin— O-deethylase (ECOD) =R cytochrome
P450-dependent—-monooxygenases a4 % cytochrome P4509] HLEE
ZAVe =Y &85 3 9l UDP-glucuronyl transferase(UDPGT)+=
UDP-glucuronic acidZ glucuronic acid® A3 Zvjsts= gelAd, <A

Bateel A%7del Fo® RAR UEIAd e T4 9EAad



W 2] FH (bilirubin)®] AJAdol #HI3stH (Brown et al, 1989; Drake et al,
1992), Glutathione S-transferase (GST)+= 9% glutathione?] 3}3H%
At Fulehs 549 3 groupl® QY =H] w=Fd o3 At
A AxEA A oA ARE AFE-Ho] A} (Livingstone, 1998).

o] E A Al &4 A (xenobiotic-metabolizing enzyme system)”’} WH&3s}

[

Al o7k dApe] dgo] o] FofA W, FdH oz YA el EAsh=

ARAE % BEAE] WA FurEh ae} AaRae] HEA

2

FEAl o7 superoxide ion (O2), hydroxyl radical (OH)¥}
2& free radicale]l Ao AA AR HAIswkg (lipid
peroxidation)s &3 A& AEAstE FXIAA F ojA o] FiALE
& 5 vk Free radical> WAMAS ZA} oF=, 3824 2 ST55
59 Z=27 23] AAHEY (Kraut et al, 1981; Kasprzak, 1991;
Nelson, 1995), #AMd9] 4FA7F 215 o] superoxide radicale]l XA % oL
UhA] Hzpel 245 Rrob 3pAbstka=4 (hydrogen peroxide)”b A3/d €t

A E FAaAF (reactive oxygen species, ROS)Q! superoxide ion
# hydroxyl radicalg< Axq, @ B 4k & EGAA Axe 7]
AAAZIH © YolrbA = A 3ol B d st He dds =
t} (Jakoby, 1980; Sunderman, 1986; Nelson, 1995). Z1&ju, A7
A el AW S A7 93 B2 5ahs0] EAlsd
Jol & ROSE AAAZI=H, Aiks
(SOD)= AAAHE 0 & H02 d3H+= AS Fwjstar (McCord and
Fridovich, 1969) o]#A AX % H.0.= glutathione peroxidase,
catalase %o A EaEo] free radicaldt FHAFEAA  (lipid
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1990), ®Hd =& Al A& VIG Aol FEHAT A= 2389
feed back Zr-&o o&] AAHETt A Ut (Leory er al, 1996). 3t
ARk olE dATtE R A JNAE ddeRE AT Aolal nds

NAE gz QAEHl dF VIG Ao A& ko] Ado wa}

of@ A ApolE Hol=Aol thE A= FHT AAeln I i hlA A

o il o b |
AEZAAN UEHAZNERAEY w28 £A o]Fdias dA oJFY
Fo o2 = A

EZAQ Estradiol-178 (Eo)7F @&l & 22 =

i (Giesy et al, 2000), Exoll oJs 445 = 47l Solebmdd T+
52 vdzAdy G e del Zona radiata protein®] Ao F=
HAvkar Baskth (Ackermann et al, 2002; Christensen, 1999;
Jones et al, 2000; Lindholst, 2000). % ofe} Ao WS oA A
713l testis—ovaZl FRE¥E & G A4l HERS™ (Tabata et al,
2001; Yokota et al, 2000), o]t ol ~ERZNA v Ao Ed e 9
g FAol R AAA wee FAEA Y] WS o7 AZI o8N AT}
A AT FASE TAHLR o|FojHT dAERT
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(Janssen et al., 1997; Sohono et al, 2001). o]g %
2R VTGS 3 994 o2EzAl Edd =ZHASS dAe:s 5
a3k AR JAAHIL gom w2 A7t HAT 2y mdsgk §o
AR FFo] YEHF N Ede] =S o A= vH g AA ol

B Ao AbgH AFo)= 59, Carassius auratusi= 4% (Order



Cyprinidae) 9 ol3} (Family Cyprinidae)el] &3y 3= F= @ JH =
ofrJolde de] Fxsta MAFTE FHg dgxAQl FgolFoltt (Choi
=

et al, 2002). T3k 37 W3lel 9 Aol et Aol Hale] A

Aroclor 12549 %5 =% W& &9 433 dNils, 13 A7l A
9] Phase I @4 (EROD, ECOD), Phase II

kst @ 4Ql SOD &3 =4 713 #ste] VIG A vAl= <
B dA A 2HEE T2 WSS ARG olF A S A
dojutar A= AEA ol Aol H&ste] S Al EAlo] g 7]
Atn e &gatalzt sl
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Table 1. Chemical analysis of the freshwater used in bioassays

[tem Value

Temperature (TC) 21+1

pH 7.3+£0.3
Dissolved oxygen (mg LY 6.8+0.5
NH," =N (ug L™ 8.3+0.4
NO: =N (zg L™) 1.5£0.3
NOs =N (zg L™) 7.3£0.6
PO =P (ug L) 4.5£0.4




Adgoz AAE PCBs mixture@l Aroclor 1254 (Dr. Ehrenstorfer
GmbH, Germany)Z GR3¥ o}AE (Carlo Erba, Spain)ol] 1:1¢] H| &= &
ANA THRFE 1g L o &8s TE tg, AN SHFE 84

AA zAGAom, AdEee 0, 2, 4, 8, 16, 32u L' 2 A3

O

Algs A8 AR T 8F d9E AFHsNa, 4 A7ivid Ajlole
MS-2222 wmHAZ H A%, A, A 2 A s ST dF
I AFe Aol 7ZelH ~No. 500, Mitutoyo, Japan)® A3+ o,
AF L 7+ T AAAL(HF-3000GD, A&D Company, Ltd, Japan)<
o] &35te] FA3IAT. dF HFE (Weight growth rate), AF AZE
(Weight growth rate)¥} 7} T X44 (Hepatosomatic index)© of&ll<} 7
o] Ab=3}3ltt.

o ofy

A4E (%)
Weight growth rate (%) = {(W;=W;)/W;} X 100
Wi = Weight and Weight at the end of experiment

W; = Weight and Weight at the beginning of experiment

7F=2 A4 (Hepatosomatic index: HSI)

_10_



HSI (%) = (liver wet weight/total body wet weight) X 100

gl AH= A WAL EFTY 24549k 32540l o] FoH 2™ heparin
(Heparin-Na, 25,000 LU., F2Aleh) A2lE & FAVIE ARS8t vH-
Aol A AHSAL 4T, 3000rpmell A 2023 YAEE (Micro 22R,
Hettich zentrifugen Ltd, Germany)3dte] 23t dH & njdZAd =4
of AHgsth. FAHEA G 4T, 30002914 1027 AARE s on,

A AHRO|E TERS =Aal7] 98] 47T, 3000goA] 5E7F DA R s}
Ak,

3-1. @&

Aroclor 1254 =22 A% A F {74 WA F didZ

A

(total protein), &F 3= (glucose), THAY (triglyceride) ¥ 2|51l
(bilirubin)< Z}7} Biuret®¥, GOD/POD®, @4 %W, Michaelsson®HH S A}
43l 948 71E (Asan Pharm. Co., Ltd)E& ARE3ste] SASIH
ol B 24 (calcium), 1Y% (magnesium)S 43t Z
“#2 Arsenaso I (Asan Pharm. Co., Ltd.), #}1U%F< xylidyl blue-I
¥ (Asan Pharm. Co., Ltd.)2 2 Z43}3dt).

g% 5 a4 A9 WHIte 1 7le Al A oR ol §Hal e
GOT (glutamic oxalate transaminase), GPT (glutamic pyruvate
transaminase)& AT GOT9F GPTE Reitman-Frankel' &2 A]
#HH 3 A= Y8 kit (Asan Pharm. Co., Ltd)E AF&3t4

™ LDH (lactate dehydrogenase)™ kind-kingH o= =43}

_11_



T A ZA L teflon—glass homogenizer (099C K4424, Glass—Col
Ltd., Germany.)& ©]&3slo] #&@3}st¥ a1, 45N Homogenize buffer
(100mM KoHPO, buffer, 0.15M KCI, ImM DTT, ImM EDTA and
0.1lmM PMSF)E AH&-ah3it}. wdshe =22 9000xg, 4ColA 2023k
Atk o] FAHoA Lo Feds ATl &3 F, 4T
2 105,000xg2 60%7F =LA &7 (Centrikon T-1170, USA)E 2 A3}
At dojR AFd = cytosol frations #23F microsomal pelletol
ArbkEE oS FH7bstel AF-FAI7IaL sk vs S8 A7HA
-70CoA HAsFATE cytosol fratione GST, SOD A4S A3

microsome 2. 2 EROD, ECOD , UDPGT &4 2 =A 354t}

4. Phase | @454

4-1. Ethoxyresorufin O-deethylase (EROD)

EROD &4 =+ Burke and Mayer (1974)9] Wy wWHoz =A3 %
t}. 50mM sodium phosphate buffer (pH 8.0)°] microsome®} 0.5pM
ethoxyresorufing ¥ & 37CelA 1085t wjFstaz 1mM NADPH #
7}=  fluorescence spectrophotometer (BF10001, Packard Instrument
Codell &7 9719 530nm, W& 590nm= W& FAF Ao,

42 pmol min! mg ! protein® Z EN AT}

_12_



4-2. Ethoxycoumarin O-deethylase (ECOD)

ECOD #&A4%=+ Ullrich 5 (19729 ¥H& &&3te FAsiloh

30mM Tris—HCl buffer (pH7.6)°l microsome 2} 200nM

7-ethoxycoumarin® Y& & 29ToA 5LHE%<e wkdtar 120nmol

NADPHE  well  cell  culture®l 7}sk &  fluorescence

spectrophotometer (BF10001, Packard Instrument Co.)oll %7 <7]3}

2 365nm, WEIHE 460nm=z WSS =AY FAHL pmol min!
=

mg~! protein®. 2 FA|EFAT}

5. Phase II @484
5-1. UDP-glucuronyl transferase (UDPGT)

UDPGT 24 X+= p-nitrophenol(pNP)< 7]& =% Hanninen (1968) =
HE 5839 microsomal fractions 73T}, Incubation mixturest
microsomal protein (0.2% Triton X-1005 5%zt w8 Ad), 0.5M
Tris—-maleate &= (pH 7.4), 1mM pNP, 20mM UDP glucuronic acid
= ¥3slt}. UDPGA H7FE Ao =, 37ToA 10%7F widS 0.5M
trichloroacetic acid (TCA)E #7}stal SA] vortex AlZl &, 55 &
Lo EolErl YAEEFT AEdHo| sodium hydroxideE #8330
spectrophotometer (Zenyn 200, Anthos Labtec Instruments Gmbh,
Austria) 405nmelA] remaining pNPE ZA3}9th. 4L nmol min

mg | protein® 2 ¥ AT}



5-2. Glutathion S-transferase (GST)

GST®] B4E Habig (1974) WS 383 3 2 9719

GSHE £3§A17th 7142 10mM CDNBE 71sted wbgAIZl & &334

it
>~
=
ofo
ol
i
&

A (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria)ES
32 340nmol A 383 3029 E a4 A WHIE SAHSP T xR
THTE cytosol? FFS H7bst 91 HAI LA Al

S umol min' mg! protein® 2 ¥ A|ES T

rr

6. kst &4 SOD #4

SOD &4 McCord®} Fridovich (1969)] Wl we} SAsATh =
0.IlmM EDTAZE 33 50mM phosphate buffer (pH7.8)e] 50uM
xanthine, 20uM cytochrome c& %<& % xanthine oxidaseE 7}3}¢]
550nmoll A 387 F7tEE T3 EE =A%t (Zenyn 200, Anthos
Labtec Instruments Gmbh, Austria). 2383, 53 % 550 nm (pH 7.8,
25C)o A cytochrome c9 3FH=S 50% JA = @49 A4S 1 unit

o7 ®ASHTh

7. Vitellogenin 43

ELISA (enzyme-linked immunosorbent assay)

Aroclor 12540 =2A171 Hoje dHE oz Bw

mw i
0(1
o
2
i
o
ofo
ol
ol

_14_



of HlEEAde HF AAES 3¢ttt ELISAE 96 well o] IS
10008} 3 A sle] 50 WA o] 4TCoA 16417 B¢ zE st
PBSZ A& & PBSTG €92 FH7lste] 24 14]

L

off
o
oo

oo

>
Y

O 2 A blockingstith. #S PBS-Tween202.2 A|A3 & Z} wellol] &
At e ReSRIAE Fal oA 2A1F EoF whgAl o,
PBS-Tween20& Al&3slo] #S& 3 &3 3 alkaline phosphatase”}
9] 2+ secondary antibodyE #H7}8FSG T Ao A 2417 &b wHS
ANZl ¥ PBS-Tween202.2 3¥ A|Z3}al substrateE YT 20l
1087 HESAIZ) & 2.5% EDTAEY 70 A S €o] e FAAIZ tf
+ 595 nmellA O.D. & SAHsIH. AA" Folo o &o = 4]

AV FREE SYstn BEAYYA oste] 1 FEE Al

—

o

8. AH R0 T2

%
o

A estradiol-178 (E2) 9} testosterone (T)& @54 A Aida
et al. (1984)e] W wg} WAL HASAHH (radioimmunoassay)ell 2]
d  F4sslth. Rabbit  anti-E;-6-CMO-BSA @3],  Rabbit
anti-T-3-CMO-BSA &A= Cosmo-Bio Co. Ltd. (Tokyo, Japan)el Al
TY3F3lal, standard T E2FE2 Steraloids Inc. (Wilton, NH, USA)Z 5
B Fdekdnh. wd wWabAEA [2,4,6,7-"HI-E2 and [1,2,6,7-"H]-Ht
Amersham Life Science (England)®Z4%-E <439 th E., T9 RIAA -
ol HAx HAEFE 77 12.5pg m!, 10pg mﬁ'lolﬁ’iﬂ, assay Ul

(intra—assay)®} assay %t (inter—assay) WsATE 50% oA &4

_15_



EN

Abgh A, E; RIAAIGAE 3.4 (n=3)¢} 11.5% (n=6), T RIAAIIA=
2.3 (n=3)¢} 12.5% (n=6) °|At}t. E, FA Q] A& estron, estriol 71
2laz Tol dste] 22 0.5%, 0.9% 18la 0.01% oI, 1 99 th&
2ROl Z2EE thdlA 0.01% olste] wa&S e T A
9] 2SS dihydrotestosterone, androsten—3, 17-dione,
11-ketotestosterone 123 androstenedioned] skl 2+ 2.7%,
0.5%, 0.5% —1¥]iL 0.3501%aL, the =g Re= 2R EF 0.01% °lst
o WAES e

o

10. 914 A4

Axte] SAA Ag= SPSS SAl Z=IF (SPSS Inc)e ©]-838]
ANOVA testE Ao, ALF thFH]u+= Duncan's multiple range
test® o] &3] HA7FY FAES SPSS version 10 (SPSS, Michigan
Avenue, Chicago, IL, USA, 1997) program= A}&3}% 95%<} 99% I

Fol M @A sArt
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m. 2 3

4717F Aroclor 1254 o] A3ole Ao mA= s dolr7|
st =F A3 T 8, 16, 248 32FA o] Agofd vt A L A Fe

= A= Fig. 1~20] Yl A% 44ES Aroclor
12545 =34 8FA ol Fog o7 YEhAl ko, 165+

32 ug L' Aroclor 1254 %o Aqk i3 vluste] S8 747}
e w3 =% 24379} 323 o]& AAl 32 ug L' Aroclor 1254 %
SRt fFolst gavt FEEHAY A AEEE A AYES vz

7R 8FA o= dx2T9 =E Aol [k Aol 7F YERA] 2kt
T7F =2 32 ug L' Aroclor 1254 %
A FolHel Zart vehoen 32FAddE 16 pg L7 o]l FwETto)

S YeEfda ok (Fig. 3). =% 8FA = diz+¢ Hlusials o
o
29} Blasle] 7 =S w9l 32 pg L' Aroclor 1254 %ol A

o Fos Al st 2y =F 325 A0 dlzTet vlaste] 163
32 wg L7 wEgolA 949 #AE JeERAIT
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2. Hepatosomatic index (HSI)

Aroclor 12547} o] el wix|= &S dolry] 95t 2, 4, 8, 16
7} 32 pug L' Aroclor 12540 x=ZA1%1 %, 8, 16, 249 32¥Ad 7+ &
T oA HSIS WS AT (Fig. 4). (b#3AS oA A4E3 v}

Z 8F Al U1 =F A A1l Fod AJolrt Ul
UA gkgkoy, w% 165 o|F thEFeb wlwsle] 32 pg L' Aroclor
1254 F=Tol A fogh Havh vepston, 249 32F 9A] tizTd

H& 7H = w9l 32 ug L Aroclor 1254945 52814 7435}

_18_



50 q

40

30

20

Total length growth rate (%)

10 +
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2ugL™
BEss 4ug Lt
8ugL™
B louglL”
I 32ug Lt

AN
v )
AN
v,

zZ
Z
Z
%
%
é
7

8 16 24 32

Exposure periods (W eeks)

Fig. 1. Total length—-growth rate of crucian carp, Carassius auratus

exposed to the different concentrations of Aroclor 1254 for
32 weeks. Vertical bar denotes a standard error. Values
with different superscript are significantly different (P<0.05)

as determined by Duncan's multiple range test.
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300

I Control a
2pgL
250 A BSsm 4pg L
8uglL™
BN 6pg Lt

200 - e 32ug Lt

150 A

100 ~

Total weight growth rate (%)

50 4

A N
v

8 16 24 32

Exposure periods (W eeks)

Fig. 2. Total weight—-growth rate of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254 for
32 weeks. Vertical bar denotes a standard error. Values
with different superscript are significantly different (P<0.05)

as determined by Duncan's multiple range test.
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I Control

2ugL™

B Aug L’

8ugL™

B 1ougL”

< AN\

B 32ug Lt

2.5 q

2.0

1.0 +
0.5
0.0 -

T
n
-

(9%) 10138} UONIPUOD

32

24

16

Exposure periods (W eeks)

Fig. 3. Condition factor of crucian carp, Carassius auratus exposed

to the different concentrations of Aroclor 1254 for 32

weeks. Vertical bar denotes a standard error. Values with

different superscript are significantly different (P<0.05) as

determined by Duncan's multiple range test.
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Fig. 4. Variations of the hepatosomatic

different

the

to

exposed

auratus

Carassius

carp,

concentrations of Aroclor 1254 for 32 weeks. Vertical bar

denotes a standard error. Values with different superscript

determined by

as

(P<0.05)

significantly different

are

Duncan's multiple range test.
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3-1. Ethoxyresorufin O-deethylase (EROD) &4
3-1-1. 2t

S4=4de AW, F= LA olFoAE dE A T B
(degradation) =+ H|$HA WHE (nonsynthetic reaction)o]2} &
4 "HE (Phase I reaction)o] #oshi= a4<Q0 ERODY &4S
ZM  Aroclor 12547} Solo v FgS dolr izl 4%
EROD #74d2 Fig. 5-1° HetAtt. =& 854 163 32 pg L
oAM= Zhzb 240.25437.60 2 267.99+30.29 pmol resorufin min !
mg ' protein®Z EAMF O] tlETel] wlsiA foF warh A4 A
E 165Fole 163 32 pg L' FEolA zkzt 535.05+58.413%

Ak
rlr
24
—

tr

(©p)

63.99+74.83 pmol resorufin min"' mg ™' protein ©] FAE oW ==
245 A= 247 848.48+84.74 2 956.364+95.93 pmol resorufin min”’
mg ' protein O #EF ] & FI1E epdlth 3 3254 163
32 pg L' wEFolA 1188.67+122.77 ¥ 1669.86+£180.23 pmol
resorufin min"' mg ' protein &2 Ao gxFo] HFHA F =
7V Bt

3-1-2. A%

HAede =E3d A FE TelA siEago] dojupAnt o) A%, A

g, T 5 o 2R sEatA o] dojdtt, whEbd Ik G A
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A1e] EROD9] #4L Aroclor 1254 w&o] mE AssAel oA gz
S35tz sl Boje] Aol EROD &9 w X Aroclor 12549]
P Fig. 5-2¢] Hebdllth. 48 Wste 1 FARSIl o, w5
8FAlet  165FAE  dixTek Hlasked 32 pg LT FETlA
112.14+14.88, 149.80£18.08 pmol resorufin min' mg ' protein ©.&
frelatl destglnh. 2eu mE 24FAE 16 g L o139 FETelA
7y7} 9226.85+26.199F 252.21+36.07 pmol resorufin min~' mg ' protein

>~
)

o2, 32FAE 318.75£34.2594353.70+£55.16 pmol resorufin min '
mg ' protein 0.2 tETS} vlaste] ol Z712 ®l)

3-2 Ethoxycoumarin O-deethylase (ECOD) &4
3-2-1. 7t

7F A ECOD9] &4l v x&= Aroclor 12549 932 Fig. 6-1°] e}
WAtk ECODE ERODO HlalM v @48 Yepligl=el Aroclor
1254 =% 8FAe 1654 7Hg £ 32 pg L w=TAA% 47
52.64+3.46 2 80.95+5.95 pmol coumarin min ' mg ' protein &= &
oA Fe& FHE BAth 2y F 24F A 16 g LT o4l F
T oAl ZhzF 123.38+8.10 2 133.71+8.56 pmol coumarin min ' mg '
protein® & o3 A& YeUglon =& 3254 16 wg L9k 32
pug LY oAl zZhzh 152.47+12.27 9F 188.79+17.69 pmol coumarin

min! mg ! protein & tZTol| HlF Fod Z/1E R
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3-2-2. A%

Al%kell A ECODe] &4dell m A= Aroclor 12549 9432 Fig 6-20]
ERQlth. Aol Ao ECOD= zbell HlafA H& &do] FAME oW,
Aroclor 1254 =% 8F# ¢} 165 Aol ztol el mpd7A2 32 pg L7
w ol at z+zt 52.6443.463 80.95+5.96 pmol coumarin min '
mg ' protein &2 tiETo HlE Fo3 WsE BY 2y =F 24
FAllE 167 32 pug LT F FEolAl Z2H7F 123.39+8.9, 133.71+8.56
pmol coumarin min ! mg ! protein®Z F3 TS JENNY T =
wF 3254 A 16 pg L ol wETOIA 1562.47+12.27, 188.79+
17.67 pmol coumarin min~' mg™! protein ©& Z9} HwEle] F9

& S77F 1A= Y (P<0.05).
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2000 -

—@— Control

z‘ O 2|.lg L-l *%
= 1500 ~ —w— 4ugL*
8= —v— sugL™
% T —=— 16uglL™ .
LB 1
> 5 —— 32ugL
£ 2 1000
8o
Q E
O«
c £
S5 E 500 -

©
i
;‘><, =
@)

0 8 16 24 32
Exposure periods (Weeks)

Fig. 5-1. Variations of the Ethoxyresorufin O-deethylase (EROD)
activity in the liver of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254
dissolved in freshwater. Data are expressed as meanZS.E.

* Significant difference between control and exposed group

; P<0.05, =+ ; P<O.01.
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500 -

—e— Control

—O0— 2ugL*
> -1
> 400 + v— 8ug Lt
8 2 —=— 16pglL’ .
% % —0— 32uglL*
= *
£ 8 300 -
g o
o &
O~
c £
"é E 200 A

°©
g £
% RS
< 100 ~
L
0 T T T T T

Exposure periods (Weeks)

Fig. 5-2. Variations of the Ethoxyresorufin O-deethylase (EROD)
activity in the kidney of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254
dissolved in freshwater. Data are expressed as meanxS.E.

* Significant difference between control and exposed group.
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28

26

24

22
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18

16

14

Ethoxycoumarin O-deethylase
(pmol min™ mg™* protein)

12

10

T —&— Control

- v 4“9 L-l

—O0— 2ugL?

—v— 8uglL™
—=— 16uglL™
—0— 32ugL*

0 8 16 24 32

Exposure periods (Weeks)

Fig. 6-1. Variations of the Ethoxycoumarin O-deethylase (ECOD)

activity in the liver of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254
dissolved in freshwater. Data are expressed as meanZS.E.
* Significant difference between control and exposed group

; P<0.05.
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(pmol min™ mg* protein)

80

Ethoxycoumarin O-deethylase
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Fig. 6-2. Variations of the Ethoxycoumarin O-deethylase (ECOD)

activity in the kidney of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254
dissolved in freshwater. Data are expressed as meanZS.E.
* Significant difference between control and exposed group

; P<0.05.
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4. Phase I ##

A

pol

4-1. UDP-glucuronyl transferase (UDPGT) &4
4-1-1. 2+

X3 (conjugation) & A HHE (synthetic reaction)e]2}al 3pH
xenobiotics & ARl U1 EAI ZAggse= Al I
(Phase 1I reaction)ol] #ojsl= @49 UDPGTe A4S %

Aroclor 12547} ool wAE J&FS Lofr izt 3l 1ro AL
UDPGT®] &Adol|l Wz Aroclor 12549 9432 Fig. 7-1] YeRAAT
=& 8FA 16FAE M e R 32 wg LT oA 7z
0.8140.13% 5.2040.98 nmol min ' mg™' protein &2 w7} H|us}
of fold A WIS BHIAN, =F 24FAE I B e sET9
16 ug L' ool d z+zh 6.96+0.99 % 6.934+0.49 nmol min”' mg™
protein &2 3 WaE YehfUth =% 325 9] 16 wg L' o4
oA 24zt 8.46+0.80 % 9.28+0.98 nmol min ' mg ' protein ©& T
Z 9k HlaLske] fojgh xpolE Bt

4-1-2. 0%
A4l UDPGT S &4l A= Aroclor 12549 932 Fig. 7-2¢
Uebh itk Al el UDPGT= 7k} HlaLste] ofF 2 d4& e

Wl Aroclor 1254 %2 859 165419 A9 iz Hlwste] A
=ET Al rolet WMEE dEhlAl skt 28y, =F 245419 32
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=

FAjole 4 B wxe 32 pe LY oolAd Zz 0.21+0.02 9

0.26+£0.03 nmol min' mg™ protein &2 DFRTS Hudte] folalA

e,

4-2. Glutathione S-transferase (GST) &4
4-2-1. 2t

o] 2+ e GST &Adeol vl A= Aroclor 12542 932 Fig. 8-19] 1}
BT =% 8F Aol 169 32 pg L F w=elA 27 0.16+0.01
2 (0.1740.01 pmol min™! mg ! protein®Z §2]3F AL HYom
% 165 9A 859 mAUIAR 16 pg L' o]l sZeld zhzt
0.2340.02 2 0.24%0.03 pmol min™' mg™' protein &2 7ol H]&}o]
ot SUME Bt TE =F 24F IA] g FRTeF HwEte] 16 ug

boolarel smelAl 0.3840.04 2 0.40£0.04 pmol min”' min”!
protein® & Fo|3 A5s HEWAT 28y =F 325 Fol= 1 ®Hrt

o Fw9 8 pg LT BETOARE 0.61+0.07, 0.64+0.07 2
0.69+0.08 pmol min' mg ' protein &2 tZRTo] Hlsle] Fo3 A
<7Fe YEr A

hap A A e GSTY A LS Aroclor 1254 =% W& A3st

A eAxER &t el Al GSTY @Al wA=
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Aroclor 12549] <432 Fig. 8-2¢] YERNAT. 21 Ae] GSTE 1H
Aol fArgk Ao AL OH, w& 8FAS} 16FA = M B F
Tl 32 pg L7 ol A mE Z+2 0.16+0.01, 0.2140.02 pmol min™' mg’
protein &2 oz} Hluste] o)t WstE H vk SHA|TE, 245 o
=16 pg L7 oAl FwolA ZbzE 0.2740.02 2 0.31+0.04 pmol
min"' mg ' protein , x=% v F 3254 9] 0.39+£0.02 2
0.43+0.03 pmol min' mg ' protein &2 tET] v Ho3 F5S
HER AT (P<0.05).
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12 q
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10 A —O— 2ug Lt
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>
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e
=
5 & 27
0 .

Exposure periods (Weeks)

Fig. 7-1. Variations of the UDP-glucuronyl transferase (UDPGT)
activity in the liver of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254
dissolved in freshwater. Data are expressed as meanzxS.E.
x Significant difference between control and exposed group

; P<0.05, =+ ; P<O.01.
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o o
= [N
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Fig. 7-2. Variations of the UDP-glucuronyl transferase (UDPGT)
activity in the kidney of crucian carp, Carassius auratus
exposed to the different concentrations of Aroclor 1254
dissolved in freshwater. Data are expressed as meanzxS.E.
x Significant difference between control and exposed group

; P<0.05.
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Fig. 8-1. Variations of the Glutathione S-transferase (GST) activity
in the liver of crucian carp, Carassius auratus exposed to
the different concentrations of Aroclor 1254 dissolved in
freshwater. Data are expressed as mean=S.E. * Significant
difference between control and exposed group ; P<0.05, =x

; P<0.01.
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Fig. 8-2. Variations of the Glutathione S-transferase (GST) activity
in kidney of crucian carp, Carassius auratus exposed to the
different concentrations of Aroclor 1254 dissolved in
freshwater. Data are expressed as mean=xS.E. * Significant

difference between control and exposed group ; P<0.05.
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SAEL g worizte s #gstE FAakstaiel SODe A4S =
Abero 274 Aroclor 12547F oo mxlx e dolH izt 3T

Ho] 7ke] SOD &4 W3l Fig. 9-19]
UeERRRIY =F 8FAcde M ¥e& 32 g LT FETolAMut
6.954+0.92 Unit mg ' protein ©& 2T vluste] o3 W= W

AAT, wF 1650 1 B W FE9 16 wg L FETolARE 7}
7} 8.10+1.23 2 9.27+1.39 Unit mg ' protein & & thzTo] H|& 2
3 712 JehiY £33 =3 2454 94 163 32 pg L FEToll A
7247} 14.81+£1.77 2 15.5741.99 Unit mg ' protein®.& 23 &4

Hnoom wF 32574 9A] 16 g L' oA FI-foAiE
18.45+2.31 2 20.12+2.16 Unit mg ! protein ©.& tZFo] H]3] Fo
5t S7HE JERY AT

5-1-2. 21%&

Ao Aol SODe &Adel mxE Aroclor 12549 93-S Fig. 9-2¢] 1
BRI g A RT g @ @S BAAT =277 52t fojgk &
A WgE Jepdeh =& 85, 1659 2474 7MY ¥ sl 32
pg L7 olAwt Zzb 2.04+40.21, 4.75+40.46 % 6.90+0.87 Unit mg™'



protein &2 ZET¢ Hlwdte] 93 A45S HY

FAl = o Wk S FEQl 16 pg L FETlA

2 9.45+1.20 Unit mg™' protein &2 )%
ERY At (P<0.05).

_38_

MEE 247t 8.4
o frold =



25 4

—_ —@— Control
= —O0— 2ugL?
© 2094 —w— augL? **
= —v— 8ug L™ *
g —=— 16pg Lt
- —O— 32uglL™
‘© 15 A
=)
5
& 10 -
2
@
9
)
T 5
3
0 T T T T T

Exposure periods (Weeks)

Fig. 9-1. Variations of the Superoxide dismutase (SOD) activity in
the liver of crucian carp, Carassius auratus exposed to the
different concentrations of Aroclor 1254 dissolved in
freshwater. Data are expressed as mean*S.E. One unit of
SOD is defined of the amount of enzyme which inhibits the
rate of cytochrome c¢ reduction by 50% at pH 7.8 and 25T.
* Significant difference between control and exposed group

; P<0.05, =+ ; P<O.01.
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Fig. 9-2. Variations of the Superoxide dismutase (SOD) activity in
the kidney of crucian carp, Carassius auratus exposed to
the different concentrations of Aroclor 1254 dissolved in
freshwater. Data are expressed as mean*S.E. One unit of
SOD is defined of the amount of enzyme which inhibits the
rate of cytochrome c¢ reduction by 50% at pH 7.8 and 25T.
* significant difference between control and exposed group

; P<0.05.
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6. Vitellogenin

VTGE | P
=503, Aroclor 12540 =FA171 Fole] 47 dF VIG =9+
ot zfol 7} §lATE WbHo| $=712] 9= Aroclor 12549 =& &9

T VIG s=7F diztel wste] foatd Srtstglth. diz79f VIG

1 pg ml7'Ql Aol Wlgte] 2 pug LRIl R tizTol Wlst

o frels AJeAde uAT, Aroclor 1254 = T Feld

G % Aol Holx] okt A} 7] Figle] E&d VIGY

A3E AuEW, Aroclor 12549 8 ug L7 T4 E tixTet §93

o7k el o, 163 32 pg L7 72 tiztel wste] feolaiA A
& VIG 552 Bt

off et
H
Y
(@)
Cﬂ
O

_41_



100

80

S

(@)]

=

c

o

5 60

g

g 40

o)

g

T

£ 20
0

Fig. 10.

Bl Mae
77 Female
B Malet+Female b
b
b
b b b b
b b ab
ab b
b b
b
ab
a
0 2 4 8 16 32

Exposure concentration (ug L ™)

Plasma vitellogenin level in crucian carp following exposure
of Aroclor 1254 for 32 weeks. Data are expressed as
mean*S.E. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's

multiple range test.
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7. ~EHZOlE T E&

Hololl Aroclor 12545 323 =417 &
W3l= Fig, 11-17 Fig. 11-2¢] YEA T
2 Aogato g 3197 Wi T E9 555 4FA-F3 T8

Aty PAb F b RS £ @ AEE FuR 59

ox
Y
[
s
I
foir
I
gl

k!
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Aol s md=3
8l

o
-
22
K
N

L2 GLE3) testosteroned} estradiol-178 =4 7k
% Testosterone?] Xt thEToA A& &
Hog fFrEo, vF sE7F Skl e v
Atk (P<0.05). T 3o B9 /M =& 32 pg L wETA EF
testosterone?] =%7} G984 Zrlslgtr. GAT FAe] FRGlo] ®
%3 I3 testotsterone?d ¥% AFE AHKEWA, 4 ug L' o] T
o MEH Fold Ve YER AT
g% Estradiol-17B9 3=+ WA &3 oA Z2T9 Aroclor 1254
o =EFAIZ Bole 7 HF estradiol-17B FE=o= Fo e 2o} ¢l
Aok, mMA%S 4R 167 32 g L sE=FelA folshAl skl
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Fig. 11-1. Variations of plasma testosterone level in Carassius
auratus exposed to various concentrations of Aroclor 1254
for 32 weeks. Each column represents the mean®S.E.
(n=20). Values with different superscript are significantly
different (P<0.05) as determined by Duncan's multiple range

test.
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Fig. 11-2. Variations of plasma estradiol-173 level in Carassius
auratus exposed to various concentrations of Aroclor 1254
for 32 weeks. Each column represents the mean®S.E.
(n=20). Values with different superscript are significantly
different (P<0.05) as determined by Duncan's multiple range

test.
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Table 2. Changes of hemochemical factors in serum of crucian carp,

Carassius auratus exposed Aroclor 1254

Exposure Aroclor 1254 concentration (ug L7
Parameter period
(Weeks) Control 2 4 8 16 32
01 194.06 203.82 197.65 220.29 231.71 257.94
Glucose +33.31° £21.11° £26.41° £26.71®® £29.66%° +27.94
(mg dL™) 2 223.31 244.31 302.90 334.16 373.29 396.89
+52.36% +£39.76% +37.71"® +44.69" +40.33" +53.97°
04 6.80 6.25 6.34 5.85 5.51 4.82
Total +0.59° +0.40° +0.36° +0.59® +0.62* +0.59"
(e . 524  5.15 477 153 1.46 4.02
+0.58°  +0.39° +0.44™ +0.39" +0.37" +0.31°
04 118.79  117.94 113.93  109.92 100.49  93.21
TG-S +11.80* +8.47° +5.81* £7.80* +10.50° =+8.66
(mg dL™") - 99.51  97.28  92.08 89.85  79.24  72.31
+10.24% +6.60° +9.52¢ £7.20° +10.65® £8.29°
19.08 2054  21.62 21.62 2270  25.41
Bilirubin 24 +2.18% +2.50" +3.01* £2.57® £2.21* +2.86°
(¢ dL™h - 24.74 2867  32.63 28.77 31.23  36.14

+4.99* +4.63" +3.47" +£3.92°® +4.15® +4.22°

Values are meantS.E. (n=5). Values with different superscript are
significantly different (P<0.05) as determined by Duncan's multiple

range test.
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Table 2. continued.

Exposure Aroclor 1254 concentration (ug L7

Parameters  period

(Weeks) Control 2 4 8 16 32
04 452 392 438 433 356 3.02

Magnesium +0.56° +0.46% +0.38% +0.39 +0.41% +0.37°

(mg dL™) 2 3.81 3.32 329 352 330 258

+0.33% +0.32% +0.37° +0.32° +0.30% +0.29°
6.67 7.03 7.40 7.69 8.25  8.45

: 24 a a ab ab ab b
Calcium +0.68% +0.40% £0.42%° +0.56%° +0.62% +0.71
(mg dL ™Y 29 7.71 824 808 865 899 9.76

+0.88% +0.48% +0.37% £0.42* +0.6%° +0.57°

04 33.45 34.21 36.55 38.97 43.62 46.16

GOT +3.76% +3.23% +2.76% +3.66%° +3.45° +4.08°
(Karment Unit) 2 36.99 37.05 35.98 43.44 50.04 53.27
+6.80% +4.82° +6.13% +5.94%° +5.73° +6.67°

04 17.84 20.81+ 21.94+ 19.27+ 23.04+ 2532+

GPT +2.21% 2.87%® 218%® 3.76°® 2.87° 2.70°
(Karment Unit) 20.23 25.07 26.19 30.10 34.14 38.31
32 a ab ab ab b [¢]

+4.45% +4.98% +4.08%° +3.74%° +3.42° +3.92

04 169 183 199 1.90 2.04 234

LDH +0.30% +0.20% +0.24%° +0.32%° +0.24%° +0.27°

(W unit)’ - 2.21 242 246 250 2.76 2.97

+0.31% +0.28%° +0.27%° +0.27%° +0.24° +0.29°

Values are means*S.E. (n=5). Values with different superscript are
significantly different (P<0.05) as determined by Duncan's multiple range

test. * indicates the Wroblewski unit
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R A Eo 3t PCBse =& F2 o] A1&S wi 9= o] FHH
=

Z w717 6~109 e H).

FEvete]l A AN Ba2002)] w2E gl Ael PCBs 4%
Hj 31.33~188.8 pg/kgol A=HALH FAFO A5 5~9.74 pg/ke
o] HZEH AT} o]eldt o]f uwitol PCBsell tigh A7 o3 wWol]
Ao tiE w@r]gke] Ho] 2
AN dojuar e AEA ol ARES olol H&ste] siAstrloll= AR
gk 7k vk webA 2 AFES vt A P Ae] 24} (37
2 2002) A= vigo w2 A Aroclor 1254 &%

3257 w015 2, 4, 8, 167 32ug L' Aroclor 12540 »=%&3 Ay}, ¥
A A= AR

Ara o7 offFo A ddEe] A, 3 R S5 Tl Loy
o 7] oddd o A2 4~ At (Lanno ef al, 1985; Denny et
al, 1995). 43 2 A9=42E A A= HFEH 595 A7
(Steinberg et al, 1995; Kamjunke et al, 2002), QA& 2o o3 28

HE= 2Bz g of 7o ARbAl wgol AV =FE A5 of

rlo
N

ol
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ol A A kS nHtl (Rice, 1990). # Ao A AHAAE
2 gz vasi s =& 8FAldE 940 b7t YERLFA] @9
2 ug L'V Aroclor 1254 %o A 59

Aoll= el Al Afol7F YetuA] gkt ey 165 olFel= 7HE &
Tt =2 32 ug L' Aroclor 1254 =SP4 So &l 747t Ve
W 32FA o= 16 g L o]akel EwrolAl SolakA 7H43Helth Khan
(1999)2 PCBsell 29% afFe] A
HA BT T8t HRte

al. (2003)2 29¥ A Fo| AMAst= ofF/7F vledx el Bls) sk
HIREE A e7h SEs ARSI Alvte Age dAHow a2
Aroclor 1254 57} =842 7asts AS HIon w3 1650|%F
oAl 7Hg ¥ =9 32 pg L' Aroclor 1254 R4 fros)

Aratglon, w3 325 e 2T¢ vlawste] 16 ug L o]Akel &
A

il 1)

=
TN el gk Zkol 7k AT ool A= FE F7IZE Aroclor 1254
s =52 A% A% A7 UeRES & F doey ol AW tiiEE
o] Ao ok Aow FHHY
ool setEds @I =EFAVIWE FFATIE SUtele AEgE B
ol&=dl wkall, 717t PCBs mixtureo] =% AlA 45 oF9 1+ TF A
T HAassion oRe HA gFgo R ek 3k o WA uEolgte
ZAF A7 BaEoem (Orn and Andersson, 1998), PCBsol 2.49%

dellM AR AFIE WedAqRY ATFAFTE s Basgiy

Cacela, 2003). webA 2 A7 Aelx vebd =% 16

FoolF M = FETQ 32 wg L' Aroclor 1254 FEO] 1F T
]_

sk AL 7 Ao WA ok o Z Kol Aroclor 12547}
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Yol £A38F= cytochrome

Frled=de AT Aor 2EA 3l

N
=
ke
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rlo
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James, 1978; Stegman, 1981). 4uk=
P450 wxof 4SS FAN, 5A isozymed] Ao JIFES mFY. 2
A&o| = cytochrome P450 1A1 #® A7} ethoxyresorufin 7]&e],
cytochrome P450 2B6<2 ethoxycoumarin 7] &l Eo]% o g Hk-S-3tt}=
(Burke and Mayer, 1983; Ullrich, 1972) A& ©]&3}o] EROD& ECOD
o] dMEE FAHToZA cytochrome P450 1A13} P450 2B62]

ne 7hdxow =939t Mixed function oxidases (MFO)+ o] &

= LAeds Aakste M9
Ak d 2 WA A A2 wido] & X whav]e shal B3k WA
of ~HRo|E 2R BEA3 Al7]7]% ) (Addison, 1984). 13X
= 7% MF H=dE dEshsd AuAA 20uW I2 1 2

o7} &
Zol= 3EFS E@AGEIE T8 o] FAAA 3 dF A AHE=

AR 1 T X 53] ethoxyresorufin

deethylase (EROD)7} «ubA o 3 Joem EROD &4Le CYP

1AS] A3 aaR g o8 lor ofids] &gt A7t s

Ak & AgelM Aroclor 12549 w3t o] EROD 242 izl
T 7

HE oo r FrhEE RS XA} . k] EROD 42 =% 8%

it
e
ofo
i
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A 163 32 pug L7 ETolA ool HleiA 3~3.58 2 et St
o, 16579 2454 I x| HlEl F FEToA 25~3u %
F98tA F71etdth. w3 325 A= 163 32 pg L FTgollA gz
o} nlwsley] 3~4u|Z Fold F7ME Btk Iy EROD 42 U
o] Fe} Hlarste] HW, e A4S 4 F 9l ole oF, MAAY F
of AEsA apole] ot Aoz AAEH, AAR oY Fho TS

ofFat Aol 54 ol wEtd tefd #AE vEbdvar 4 ik

FETAA fFelsid e ERODS @4& Ho
12549 F&F= TheS F

=
= BAFA 3 Ak FAUREele] 13 A%e] EROD @40l S7hleE

el EROD &/4do] S7hehe ®Haste] & A3 22 43S Uehdd.
wElA  Aroclor 12545 %5 =FAASY
bioindicator®2 A3 4= 9loH 16

B Aroclor 12549 2915 A 4 & o= ). 3, PCBH
T FHel weEbd MFO &4 whe2 24 yehdoia stk (Gooch et
al, 1989). d& Lo}, o]F<l Sucp (Stenotomus chrysops)?|A 3, 3',
4 4'-tetrachlorobipheyl (PCB-77)S H7+5AslH ERODS} CYP7F 57}

ahglont, B FH<Q PCB-1054 -118%3% 2& §&5AE2 o5 @y
A3 5428488 FEAVIA FY9tha @b 29 ERODS 43 2173

= =
Aol gAS ek, Maija et al (1987)& A7) 019 Zto] AR
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o 2 @45 Edva BAusigla, BNFE H45ARE k| 7] o A =
st} (Laurence, 1988).
Aroclor 1254 == Q1% Folel 3t 2174e] ECOD &4 85, 1654
ol 32 ug L' SETold fo3 S717F e o, 24591 325 Aol =
163} 32 pg L' FEFold &a @40l fosid F71skaint. sk
A= FAIN FojollA BNFoF PBO FAF A3 5 FolstAl S7fste=
" Rotenone FARAF o= #olgh Afol7F YEUA ks ATelA
S 7 A4 (Divid et al, 1992). T3k 2% 7ol A28t Ruffe= H]
AA 9l ruffeRtt ECOD &Ae] ZF7b=lar (Sigrun and Ludwig,
1995), Aroclor 1260+ Baebelell At& Fogh A3} thx7ol] H]s] ECOD
Aol F71ekdtd (Hugla and Thome, 1999). 3# %
AN Folel 2+ AAe] ECOD &4& wlwe Ay 7t
Eo @A S7HE Helw diETtel Wl 7 24 EF S7E YERva
3t (Maija and Malin, 1987), Laurence (1988)% xpdlw|7]2] Alxto] 7t
Ht} ECOD &A4d g3k o wrevhal Haste] & A3 2o 43S
YERRSITE 28y ECOD &4 EROD Aol Hlsir A3 e
o2 HZEHY cytochrome P450 2B69] f%

el i ko AFtEojof & Flow AZtET
ZFHES (conjugation) A|-8A 324 = A ES VAo E T

Sol wdshzdl "W weelth THWS F b BEYA AL

=
o
>
o
e
v
'y
rlo
&)
=
@)
)
]
oX,
o
s
2
i
K

ol

eI

o R

fz
oo
o
o
=
>

glucuronic acid ¥3, glutathione %3, Ak X3 acetyl”] X3 5o
2t} Glucuronic acid X352 3}eEdo] e 425 7 Jde &
7] A ZF microsome®] U+ UDP-glucuronyltransferase®| 2H&
o® H@E4 UDPGA (uridine diphosphate glucuronic acid)Z%-8 24

glucuronic acid’7} #o]¥+= HEgo|t}. UDP-glucuronyltransferases
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(UDPGT)+= endoplasmic reticulum®] membrane—bound &Ao]™ t}ksh
sttt 25 7}% xenobioticstE =& wdEHS E38|A  bilirubindt
steroid®] UDP-glucuronic acidoll4] glucuronic acidE A5+ Aotk
(Dutton, 1980). o]= A4 A% glucuronidei= A o] 718l ol &3l
HFleg HA sjdEct o] AL cytochrome P4500] 93t ZwjE+=
xenobiotics®] 4Fslel] A#WE= phase [ ¥FE¥ o]F  hydroxylated
metabolites”} UDPGTol 2]&] 4 glucuronic acid®} &7 conjugation¥+=
Ao 7bE F83% phase I WO o]Fojzlty, UDPGTE
cytochrome P-4503} W|$=3}A] t& substrateo] Wae] specificity 2t
inducibilityE 2z v 2H3g #AA7F I+ enzyme familyZ T4 5 o]
Tt (Wishart, 1978; Roy et al, 1986). ©] &4+ multiple formo =
EAsIE R 159 glucuronidation®] Ttk I Fo wE Wt 92 7]
Aol 3t glucuronidation pattern 12]al thoksl 3e+E2S FoldtAi S
W induction patternwo] B A9 thdel FHol $kth (Styczynspk,
1991). 59l G-naphthoflavone ¥ Aroclor 1254 Fo A3y} 7]z
wte} 7he] UDPGT &4do] F7hdtte Bk vk (Lilienblum ef al,

o

1982). Douglas et al. (1992)= g*2] 7} microsome®l glucuronidation
o] 714 EolAdE  4d¥3 Az} 4-Nitrophenole]  1-Naphthol,
2-Aminophenol 5 Xt} &Ao] x3hth o] ANE nlgoz X HYdlA

+ 4-Nitrophenol& 7|22 3t& A3 WS ARSI
Aroclor 1254 x=Fe] w2 g°f ko] UDPGT 24+ =
85t 165 A oll= 32 ug L' HLTolA 2~2.289 fod F71E HYo

M, =3 2459 32F A= 163} 32 pg L7 FETolA oF 2w H
o8k 2712 Bl ®§ A% UDPGTE #AWkd oz e dAS 1Y
[e)

W =F 859k 165 0l= o't AFol7k yEhbA] gkow 2459} 32
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FAlol 32 pg L' FETOIA o 1.8~24 %9 45 YERURIY o9k
dek A7 2= FA Fojel PCB 777 PCB 126< H7FAMe $ 243
7] UDPGT #4& ZAMSE A3 7he] A9 tiz7ol vl &go] 571
st om AA AA] Fe A8 no|7l P AR =71sted )t (Huuskonen
et al, 1996). T3l Blom and Forlin (1997)& FX|7] £ojo] #7|7+
PCBE 57454 5 719 UDPGT &4l 7S WassiaL, FA7
Fojo]  3,3'4,4'-tetrachlorobiphenyls H7FArs & k3 2179

UDPGT &A% vluwsdt 23 71e] AL & g8 Hor) ARe o
o

m i
ox
o
<
o
=
2
v}
S
jab)
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FAAN Fololl 7+ T4E 71412 aflatoxinol Al UDPGT &4 e] F7te =
S B o, 2 w79 Aroclor 12545 57 FA} 3 Ay 7]
UDPGT &4 tizxFd nvlal 714 =& =x9 100mg/kg Aroclor
1254941 24 F7kstth= FAVAYE Hadle] (Gerald and Ankley,
1986) ¥ AdAH} S 43S Hepdido 22y ol FolA e UDPGT &
el #alM = ok A7t wig F-53 Holuw, WestA 4] flsiM =
= O dA77F Fgsolof & Ao R Azdn

Glutathione S-transferase (GST)&= g 7FA] th s =k 1 shA o
cysteine® sulfur YA Aol A glutathione (GSH)¥¢] ZAgS Zwjslt=
aAhEA Fd wgt o8 F/79Y isozyme©] =43t} (Jakoby and Habig,
1980). T8t GST+ xenobiotics®] tAL2g 2} ko] A oo )of
A g e 715S 7FAL vk (Mannervik, 1985). GST+ heme,
bilirubin, polycyclic aromatic hydrocarbons¥ dexamethasone¥} 72
ool TF9 &4 FEY & IsHow Aets ligand 2% 71T
S ®ol7|% 3t} (Litwack et al, 1971).

Aroclor 12545 Boo] w& A171 27}, =% A7) 59 16 ug L7 9]
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&l FETOlA kel GST Aol #o3 dos Ben, =5 viAY

32FANE 8 pg L FEFANE fod S71E Bk el el vzt

Lo Al GST &40l folst
A Asste Aoz Hol 7+ Xesk A i) &3S ies 5T
ot} o9t 7 o & 9ojo] PCB Mixtures (Aroclor 1254)8 ¥=ZA
7 A3 ke GST7F s S77F A s Lo, TBT (tributyltin)ol]l =

=8 dole 7940 WItE yUelA Fdva Basith (Schmidt
and Christian, 2004). Helene et al (2005)& X7 $oo] TNT
(trinitrotoluene)& H74TAFSH & GST &4 F7H&E Hasglow, 5%
o 28 Aol M= Folo A-F Hl LA ol A5t FojE
GST &4do] opyldvar Huskgltt (Guosheng et al, 1998). 3o
Machala et al. (1998)2 |7} &oj PCB 153 3} p,p~-DDEE &7+
AR R A GSTO =2 @A) opE e, TCDDE H7454
+ GST @2do] op7|=x] gFskthal Baste] & Ay 22 AFS g

v Ale Aroclor 12549 &S wrol GST a4 &4

+
R
o
=2

AT T AEES Al SolAoR FA4ste] e WAL, AE
T30l 45 7HA et A= AEE FA vteEnh ojdd 44 Aae A
T3-S S3to]l Ax FHe @44AE St ol#d Adnkgo] Al
zute A BAE o o] RS HAEEA A (lipid peroxidation)e]2t AT
(Halliwell, 1994; Jacob and Burri, 1996). X|7-Atol] Ex]shHA AL E
o] &dt= EE AEA S AbAY Abstel oF XA EA A} w=EHo

o] B4 ArBHRE 222 HBEEY] 9

L

ol Alx"lS ZRA AL 9l

o

e

g Abae] 9t AAME = fElV7E AASE AL EE superoxide

dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX)¢} #
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HiketE A 8= metalloprotein©]™ (Nebot ef al, 1993), F&l71& 3

B e Arededd 284 FE71e AdE dAANTIAY, wE7

2wt 32F A= 16ug L' o]l wm oA o)k Z718lsith. o] =

Aroclor 1254 =Z°) o3t ZAEGS Hastslele oA Wolds

2o dRE §714=A1¢ Dichlorvosel] AolE =3 Az 719

s}
SOD &4 F93% S7ts BAANE 2142 fodt o]zt YElA] bk
5

Bernssen er al (2003)& o¥l dojdl A& B3 &5 =IAHAES
b3 Al%Fe] SODE Hlalgk 4

dgtgjote] SEFS =& Ay 2ha Al A H#
AFg SOD &Ado] By ¢lom (Siraj Basha and Usha Rani, 2003), &
ofell AlZ=AQl DCAE =aAZl&d w3 &45 waltha 3o (Li and
Yin, 2003). T3k, PCBsol 9% 7o AM23t+= Brown bullheads™ H]

Ldx el A2 3t= Brown bullheads Bt f9]atA] %& SODE/do] #

I BAsiY. 1A

Vitellogenin (VTG) YAFEe d3AFAZ FEIPdad St
estradiol cycleo] 9&to] Aoz <7l zho|A AAE™ (Hinton

and Lauren, 1990), =79 7Fo| M % vitellogenin® FH A= EA)3}A] 1t
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silent gene FEj=E &A1t} (Denslow et al., 1990). ¢o]# 3+ FHAE 0]
‘%

ol
(E
ke
il
i)
r4
_|>i

estrogen ©]1} estrogen FAFEZE
vitellogenino] A Eh &4 &

= Aol A AAED wAA HEY Jda A Fee T

He URAEZ 23 ofs dAF] dAER Soj7f dsk dwd =

=t} (Lane et al.,, 1983; Schneider, 1996). =5 WAl HEo|x 7+

o
T
=

i)

o
_lZi

vitellogenin ¥4 Z Aol ¢lo] F Qo3 A wUubdal vitellogenin® &

S

J-& estrogend] 93t} (Lethimonier et al, 2000). ©]F+ estrogen
o 9] fE% vitellogenin Ao TZFEA WHE3Ee] estrogendt
estrogen mimic &3 o] EFES JAstE= IEEAEA S ©A 5= o) &
o] ¢t} (Anderson et al., 1996). 184 o792 vitellogenin &A=
estrogen agonist ¥+ antagonist #% ofyg} vitellogenin 22 A
of #HE vpgFg dAA AE&E F Qv sistEdl oM E FEFS
s Sl
2 AFdAE Bol9 dAoRFE VIGE =
ELISA 71EE o]&3to] §olo] VIGE A3t} o|2 g ELISAE o] &
sto] Bojo] mAdsd dAY FRE REZ fAEIR dEAVE
3t o, oA 7HA] estrogen mimic =&o]#tal HiEF i 9= PCBs9
AdF2l Aroclor 1254 7|7 =FA17)
Aroclor 1254°] »%& o] %z
Hlal] folstA AEHAAL, dAAME T VIG w29 F3e W5t
=

Tz R gkol B A A} Aroclor 1254+ FHoA A&

A FA A A 1A THFE el FolE B AT Aol m=
, GEolld Aol ST EE s AR ¢ 3 mEdl A
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of deA A FAEY Fuk] o] 4e] vitellogenino] HEH AL
(Purdom et al, 1994; Harries et al, 1997), dX o= =zt A x|
He 2 @AM dH el vitellogeninol F7kd Aol HiEtt
(Hashimoto et al, 2000). Flouriot ef al (1995)% YW&st A} o ~ER
AE M7bste] IMAELE Wt AdeEE avs AR A PCBs
25 o 2EZZ F&A%t AFete] VIG B8-S Fiste

A

2}, AW hepatic matabolite=ol] 98] VTG mRNAS WdS Fx3 A
o
T

olgtal FAsIATE. B AFe] Anx olgd AL AT = glon
wHot Hed S YA E VIG mRNAY W&o ir) xAbEojok 3 A
ojt}.

3 {7194 seHEQl golald wmE:H FA7 FojolHE dF VIG
7y E7Vekg ol ®avF 9l (Donohoe and  Curtis, 1996),
4-Nonylphenold] *=ZA]7l 4% Sheepshead minnowol|A &% VTG7}
S7VstitkE Batzh Atk (Michael et al, 2002). 18]i PCBs7} o
oFo FAlolA dF VIG #4do 43S Vv Bart 9oy (Chen
et al, 1986; Monosson et al, 1994; Tam et al, 1990), WA == A
712 VIG o] A=A dFo = 23]8 feed back 2Hgol 2
Ith= ®azh ek (Leroy er al, 1996). # < 904 Ex7t 43
FRH A& MAEY] dF VIGE =T ¥R oyt (Wallace,
1985; Tyler and Sumpter, 1990; Utarabhand and Bunlipatanon, 1996),
o}7] PCBst} &7 =9t pesticides 59 FAF =~EZAAY EHFTE

VTG S fFestty BaEdYt (Flouriot et al., 1995; Jobling et

4

o

S

it

»

al., 1996; Palmer et al, 1998).
Aroclor 1254+ o ~E=Z 71584 (estrogen receptor; ER)9} Aol

=o} o AERAAN Aol =& AHow HIUEJA T (Fielden et al.,

_59_



1997), ¥ A6l = Aroclor 12545 32F &3F &ojoll == Al A,
Y5 testosterone?] FEE FHANAM wF FE7F TUHgl wel g A
AHE ZFs Hdom (P<0.05), g2 49 /Mg & 32 g L ¥=
TolA A5 testosterone® FX7F FostAl Frbstl. &, AFle] A
$ 167 32 pg L7 FETIIA FF Estradiol-1769] ¥%=E 93
BaA7l= AoR Yelgth, PCB &¢E<2 Aroclor 12540 =
Atlantic Croaker YWEAIZJAME o]¢} FU3I} Ayl wuy
(Thomas, 19891990). &3, Ax3  gFlojFe  waolAd B
cytochrome P450 aromatase &40 o& AWAEC} (Young et al,
1983). YA 5+, Rana catesbeiana®l 73-%- St==Z7lo] o] ghol &AS A
skl Exo AAS HAarlFol HaHAdY (Yu ef al, 1993). T3k 2tE
| ~E=ZZAA EZA<Q polycyclic aromatic hydrocarbone] gzl Wi 9
cytochrome P450 aromamtase &S Aslste] E.o AAES JAAZ
Aoz A (Monteiro et al, 2000). 509 E; AAo] qAHE A

Aroclor 12547} cytochrome P450 aromatase® ZHAS JAA]7]=

flo

otk

NrEmAGoR 283 Aow AZET. Thomas (1989, 1990)= 4]
MEAE PCBsoll =& AW i vivo AdNA 5 T 5271 F93
A 7 & Aok AR 23E Yol PCBse SolA o ® AA
7123 B3 ow 28ste] dF VIGE 34 & Aozt 4T 4 9l
AT

of o] defe vt edEdE M FreHER ofFo] dieH
¢l W4 (hematological parameters)ol] ™3t A= $HH9 0 &
AAeE &% Fdo 2 AFH A vt (Chandrasekar ef al, 1993).
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o FEnle] ojg A} S U 7 dow AW glycogens 3l
sty A3 glucose”t S7FVetAl @v} (Gupta 1974). B3+, Salmo trutta®l
PCBsE At5& ¢l 43 & 477 & 23} glucose®] ¥ol S7hst
S5S Rt (Johansson, 1972), ¥ A3y 22 AES Held
U2 FRE =27 s el wet Srtete Ads YRSl
eF 1659 247 A= e vlaste] 32 ug L FETIAT &

Q1 Aol7t nAAL, BF W FNE P45 AL W5 F
S} = ET Apolol §eI% Apolk ALk ol e A obrbul YA

1979). 83 GOTeF GPT €4& 1t Alxe] WAooy HALE WYgst= &
AmA b Aefe] x7] Hdel] B7HAS a4w P X

FEH7] ol Y 1 Ve AR a4 GAEER ZF dEA 9
t} (Takeda et al, 19).
Bod3s Fgs] Eul, Aroclor 12540 x=%%¥ %o]9] Phase I3}
Phase II €4 &4 A4l w T el wet =% 7]3to]
o] webA s aae] &gl ApolE YErdT g o a
A= 32 pg L7 Aroclor 1254 TEZ 325 B¢ =% HUS,
Aroclor 1254 295 $HAlSH= bioindicator®Z A82 = Ao=

wt Laa 4717 mEAR Bolo] AR A%Es Bel fols

_62_



AT7F WP rfofof

ol o
e o

t

o

phase 13 II &

of o

el wA]

o VTG &

A=,

TR

ROz A

s}k
=

oJmw T we AF7} Aaw oo}

VTG A= vjH]

by

ge

of u&

Aroclor 1254 =%

FABAZA B olFel A Gl

ool Aok & Ao oA,

_63_



V. 8 ¢
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A w=FAIZ Fole] A, ARl B, 7t Ao A 9] Phase I &
(EROD, ECOD), Phase II &4 (UDPGT, GST), &4t3} &4¢1 SODEA
W 3}kel vitellogenin FAel PIA= F3F 2 EH A ZHEOE TEZY
W3tE ALt olE Al BAClA dojual e AR ol AR
T T e A AH Aol e Vx AR &8st Ade)
Atk

471ZF PCBsoll =%d B9 d4 - AT AEES =& 8FAde &
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31549 SOD 49 =% 165 olFol= 16 ug L' ool A 3El 23 &4
71 YeERRlth B3 7hRohe vk 448 B R Aol A SOD 24
O wE UFAAE 32 pg LT ol 32F Aol = 1 Bt w59 16
pg L7 ool RE 24 F71E JeRAIT.

ol g Fo gAY VIG & W= 79
A9 2T E 8F VIGZ fE=EA gto}, d71o 49 VIGZF
AZEH AL, PCBsoll w=FAZ Folo] 47 dF VIG == Foe A
o] 7} gAAth whAe #=H ] 4= PCBsoll =&¥ Fol9 dF VIG &
T7F giE&roll Hlgte] fefstAl Srteklem, A A R glo] &
%% VTG 232 Aurw 163 32 ug L' oA tixTtdl nlate] H-2s)
A FEd VIG 555 B
579l AL 3 testosterone 4 pg L7 o]AolA] fjzTte] H
eI om 4ol A 32 pg LT ol §o3 S7HE JERRde 9%
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