531 %51 8 K oE ¥ R Vol.31, No. 1
2007 41 A JOURNAL OF FISHERIES OF CHINA Jan. , 2007

SCE4E 11000 —0615(2007)01 —0007 —08
T B P o U ) 5 48 5% 00 0 b — B2 K T B 5 Wi

XNO&F, KO, K% X &
(WK=Kt bl SHARSERE, B 200000)

WEARTHEHEZTER (A-NP) ERAE NN TR R RN RATS —_BATFHY
"o B HY B E 41 1.50.100 mg - kg By 4-NP 2 1 mg - kg '8y E,, 4 F £ 24 h F248 h 2
JFJIE RNA /i RT-PCR &£ & o B ¥ F %K (ER-a) ft CYPLA 3% 35 A0 4% Bt v F 70 K
FAEEMNEE, WE. EREW:1mg-kg E,NBAM ER RAZE 24 h fnd8 h H B HF W H
#1(P<0.01), 1 mg-kg ' 4-NP A #4424 hER £k 5 BA LR AREZ R (P <
0.01),7£48h HEFMH (P <0.05),E, KEA24 h 5 BRALKARZFRETHR(P<
0.05), /27448 h A/ i EIA;CYPIA Rk A #E E24h HEF (P <0.05),#£48h FH
W ® % L (P<0.01), 50 mg - kg ™' 4-NP 4 417 24 h ER Rk 5 2t P4 L AR B 3% &
¥iw(P<0.01),£48 h HEZF MM (P <0.05) ,E, iRE 7 24 h #148 h 5 3 B4 LB A%
BEMETHE(P<0.01);CYPIA 2k XA EF24h HE#F FEA(P<0.05),£48h EARE
# L (P<0.01), 100 mg - kg '4-NP A4 ER 23k £ 24 hf148 h 5t BA LK AR E
EHHIN(P<0.01) ,E, REA24h ExBALKAEEZETHE(P<0.05),£48 h AR &
FWHETH(P<0.01);CYPIA Xk HHR E#E L (P<0.01), M#& 4-NP i+ 41 & & 3 v, ER
KA WE B, T E, WEZ AR . ER %3k FEM P E, >100 mg - kg™ 4-NP >50 mg -
kg '4-NP >1 mg - kg ' 4-NP,100 mg - kg "By 4-NP %f ER k3 ¥ FAZ EHEH T 1 mg -
kg ' E, W E, B, T p:100 mg - kg ' 4-NP >50 mg - kg ' 4-NP >1 mg - kg ' 4-NP,
NP xf CYPIA k3 H FRER, A ERAMESRE EATHE(EANE - KRB, AE
FRFW,ANP EA GMM BN, LI F 4 & hiF P E, KFH¥E ER k& |,
H 4-NP 72 8 # 4k 1§ # 1t ER %42 LI 4 20 W3R 2L 3R W9 o7 s R B 7 ¥
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Effects of 4-nonylphenol on expression of estrogen receptor
and level of 17B-eatradiol in vivo of female Carassius auratus

LIU Qing, WEI Hua, ZHANG Gao-feng, WU Nan
(College of Aqua-life Science and Technology, Shanghai Fisheries University, Shanghai 200090, China)

Abstract; The estrogen-like effects of 4-nonylphenol (4-NP) in vivo of female Carassius auratus were

investigated in this paper. We gave intraperitoneal injection in female Carassius auratus with the dose of 1
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mg - kg™', 50 mg - kg™, 100 mg - kg ' of 4-NP or 1 mg - kg ' of 17B-estradiol (E,) respectively. The
expression of o type estrogen receptor (ER-a) and CYP1A in liver was evaluated by RT-PCR and the
concentration of E, in serum was measured by fluorescent immunoassay in 24 h and 48 h of injection. The
results show that 1 mg - kg ™" of E, increased expression of ER significantly both in 24 h and 48 h (P <
0.01). In 4-NP treatment group, the concentration of E, was decreased and the expression of ER was
increased with the increase of 4-NP’s level. In 1 mg - kg ™" of 4-NP treatment group, there is a significant
increase of expression of ER at 24 h (P <0.01) and 48 h (P <0.05), the concentration of E, was
decreased at24 h (P <0.05) yet returned slightly at 48 h, and CYP1A’ s expression is up-regulated at 24 h
(P<0.05) and 48 h (P <0.01). In 50 mg - kg ' of 4-NP treatment group, there is a significant increase
of expression of ER at 24 h (P <0.01) and 48 h (P <0.05), the concentration of E, was decreased
significantly both at 24 h and 48 h (P <0.01), and CYP1A’ s expression is up-regulated at 24 h (P <
0.05) and 48 h (P <0.01). In 100 mg - kg " of 4-NP treatment group, there is a significant increase of
expression of ER both at 24 h and 48 h (P <0.01), the concentration of E, was decreased significantly at
24 h (P<0.05) and 48 h (P <0.01), and CYP1A’ s expression is up-regulated (P <0.01). Effect of
increasing of ER’ s expression is E, >100 mg - kg ' 4-NP >50 mg - kg ' 4-NP >1 mg - kg~ ' 4-NP;
effect of decreasing of concentration of E, is 100 mg - kg ™' 4-NP >50 mg + kg ' 4-NP >1 mg - kg ' 4-
NP. The effect of 100 mg - kg ' of 4-NP on ER’ s expression is close to that of 1 mg - kg ' of E,, this
indicates that 4-NP has weak estrogen-like effects. And 4-NP can up-regulate the expression of CYP1A
(dose-dependent). That increase in ER’ s expression and decrease in E, in 4-NP treatment group provide
support of 4-NP’ s endocrine disruption via ER pathways in Carassius auratus.

Key words :4-nonylphenol (4-NP) ; a type estrogen receptor ( ER-a) ; endocrine disruption ; estrogen-like

effects ;endocrine disruptors
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My B T B HE R B AR ERCR SO0 R F AL
SRR, BRI AT RSN W RS, 18
HEVESI MR AL SR B R TR FERE I T
W, BRI BRES ISR THREY . BRIk
A EI T BA MR AR
F-HE: 3 (4-nonylphenol ,NP ,4-NP 5 p-NP) &
— PRI TI  F R T R AR S i A
RSN SE TG, 36 2 E 7K A2 B ) B A P9 AR S0 52 B
b, SIESE T B B BRI R N . TERGAE S
75 T FEAE T 4-NP X P b 1 3 1 4 T )
RE RN \4-NP X0 98 iE 2 i Fr) 3% 5 5800 56 T TH
IS & B 4-NP ZEAR SR 4 MCF-7 & 34 58
RS, BB S MCF-7 41 A i M R e 42 5
A B T 4-NP M R TG ., @l
BEFAR, K 4-NP L3 1) R B AF M 1
KEWFERE . FE/RE CFEIEENERE
LEFEEAWBAE . 4R SD KREIT NP
AREHE)E,40 HRR FEE X BAS, I EW
RARR IR SR B3 2T X B4, UL B 4-NP

RSB TERNEMET™ . REREELR
& NP Ab3 f5 , HobS 71+ 8O 71 B & R
HEIMEEES, EENEZARE . H4-
NP b FEMEME KRR 24 h )5, AL M E2EE D KK
THEHZ WD, AR 4-NP W KRAEBEREA
FARTEEIR EE RN . K S YBIE E,
YR 3 2 B IR (vitellogenin, VTG) B BFFT NP #E
BRI R, B R & B
Xof PR R Js R 5 4-NP )5, 3@ 1 ELISA il & JiF
HE VTG, £33 —E W E ) 4-NP Xt 2RI EH
FEAHERER. REZIN WAEMRRIAT 4-
NP 5 R Z R BB —E W7, i 4-NP
5°H HRiCH 178-# — 2 (17B-estradiol =, E, ) 7
BONEMBRZRTFER, SREIANP 5
ZhRE —-EMNGEE N, NE GG IN
500027

H AT T 4-NP Xf £ 255 (1 #E B8R VE LI
AN, AT R 4-NP 7EIR K 4K 3 5 1B R AL
il , RATUAMEB R Z AR AR TIA R, FHSE X5
BERDAENEE AR H M EER P450
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(CYP1A) "™ B FE AR [RI ¥ BE () 4-NP 7E 24 h Fl
48 h X} M # ( Carassius auratus ) iF JE ER-a I
CYPLA Rk WAEH, LA R FEAS IR ¥k BE 1) 4-NP
7E24 h FI 48 h X W 8 i 3 o HE —BF (17B-
estradiol , E, ) ()0 , AT #R B 4-NP 7EHEEN {4 4
ATREMPERINLE], BB TR T AR RE W
AT a2 1) A B AR B AR, PR A R X R P 3R
TMAEEEZ R AER, WA AR PR R
BEAR SRR

1 BRI %

1.1 FEIRHRENHE

M — 2 (E,) ,4-NP, JiJ F Sigma /] ; Trizol
i’ 7 ( BBI, Canada) , AMV First Strand cDNA
Synthesis Kit AMV 25 1 %% ¢cDNA & 5k 7 & .
PCR ¥ #4350 &, W T LA TAY TEEARR
%K AT ;DEPC, FigfEfE R EREARFRA
A @5 (rirsh) REE (et , B 255k
22800 A R 7 ; Sigma ¥4 ¥R B .0 Hl ; Amersham
Ultrospec™2000 %4136 6 EE Y ; Eppendorf £ )8
Jin#ts ; Eppendorf Mastercycler Gradient PCR ¥ ;
Biostep #%& & ik 12 Z&R %i; Beckman Coulter
Immunoassay System,
1.2 LIz RALE

WEEY,2005 42 1 H EA)IG T B g MK
PG, IR R B AT ~ IVH, K (21.61 £
5.71) cm, {AT (230.49 +23.81) g. BEHLAH
SIGH R AL, Bl 6 B, FAEFHT 100 L K
Farh 1A L KIE(6 £1) T, Hrbh Lo 45 k5t
E, 8¢ 4-NP, E, 5% 4-NP FIJo/K L%, Z )5 F
REWAEBE (AL - 10) . RAE KT, E,
B8 1 mg - kg™ 54-NP {EST & 1,50,100
mg - kg ™' S EXT A TOK 2B 0 K
1:10 R EW. THITET, B4 Mt B E bk
Ifilo TE5TE 24 h 48 h, HH K 6 B, TR
P, b A EBOTFIE SR RNA
1.3 FItex 53549i%it

HR % GenBank #7540 45 876 A iy JLF F2 26
) ER-a ZEE ¥ 5], A Clustalx #4747 51 LLXT,
#E 38455 ER ) DBD [X ( DNA binding domain )
R NEBEARSE X, DAt X3 220, Wit 5|
Y. #R#E GenBank P N Swiss-Prot ${#E FE&E 1S
EPE 44 ( Brachydanio rerio) £ N W) JLFH B2 )

CYP1A mRNA 7%, j@#d Clustalx JF 51 X 45
R,CYPIA W5 Wit WY B WD f
CYP1A mRNA 55 s AHXHE5F ) 901 ~1 510 fif
E R, ) ER mRNA F5]5 AY055725 418 S
tRNA gene J¥ 51| 5 AF047349, Bf & 2 CYP1A
mRNA 7515 AF210727, F Oligo6 #4175
Y % i1, 48 % ER primer: upper 5 ~ -
CCTCCAGCCCTCAGTTGTCC - 3 7, lower 5~ —
TTTCTTAGCCCAG - GCAATCAT -3, PCR 7=
W)k 776 bp K Bt; CYPLA primer; upper 5 —
ATC AACCA - CTGCGAAGACCG -3, lower 57
— AGGATGGCCAGGAACAGGA -3, PCR ;=¥
>h 569 bp ) F Bt;18 S primer: upper 5°— TTCGA
GGCCCTTTAATTGGAT - 3 °, lower 5 ~ -
CGGCCGTCCCTCTTAATCAT -3, PCR ;=¥ K
389 bp M F Bt 51 LIBAE TAYM TEEA
R 556 PR A F G o
1.4 RNA $2E

BUIFEZ) 100 mg F 1.5 mL BL.OEH, A
1 mL Trizol &5, /NI B2 72 B P B o
4 C,12 000 r - min "', B0 12 min, B EERT
1.5 mL B8 S, A 250 pL &5, RGIR
A, UK #-E 42 10 min,4 C,12 000 r + min ',
B0 12 min, W EEWTH 1.5 mL B.L0E
HOIMASE AR R AR, Z IR #E 72 5 min, 4
1,12 000 r - min~"', B.0» 12 min, 1§ 3] RNA T
¥, 3 L. A 75% P2 WK, Bk 1 mL,
BREL,4 C,12000 r - min~',5 min, ZJ53T
Fa#F, EiR T# K LB, fin A DEPC /K 50 pL,
7K¥# 50 C 30 min {8 RNA JTIEWE# ., T2 RNA
OD 14,783 260 nm/280 nm OD M fH7E 1.7 il
2.0 Z A, 2 BE A5 0EBE BB Ik A I, i BE 288,
18S.5S 3 44,
1.5 RT-PCR

cDNA % 1 246, e BEGR & B
YE. NFAIITE Eppendof & J& ¥ as 58 . 7E
1.5 mL BLEHMA L pg & RNA, oligo-p(dT)
18 primer (0.5 pg » pL™") 1 uL, il RNase-free
ddH,0 % 12 pL. B.0iEA,70 THI 5 min, vk
1530 s, FEVKIBHANA 5 x Reaction Buffer 4 L,
dNTP Mix (10 mmol - L™')2 L, RNase Inhibitor
(20U » pL™")1 pL, B0 847,37 € 5 min J7,
fii A AMV Reverse Transcriptase (20 U + pL™')1
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uL BIEA), 42 T 1h, 2J5 72 THIZ 10 min
KIGEETEE. —20 CHRAF.

PCR K & PCR X Bk % J9 25 L,
MgCL, (25 mmol - L™')1.5 wL, dNTP(2 mmol -
L™')2.5 uL,10 x Buffer 2.5 pL, 3[#(5 pmol -
L") upper #l lower £ 1.5 pL, cDNA ##z 1 ug,
Taq DNA polymerase (5 U « uL™') 0.2 uL, fil
ddH,0 % ST 25 plo [N 5k fF:94 CHIAE
4 3 min;94 C 40 5,59.1 C 40 s, 72 C 40 5,33
cycles; 72 C HZFEMH 10 min, BNHEAFEH 3
K. PCR = ¥ 4 1.5% TAE 3 It BE I L ik 7
¥r,EB 448, Jij BandScan # {4 % H Ik 554 LB
FEHITIHE
1.6 mMEREE E, KFUE

R PKAIM 1 ~2 mL, A 5 mL B0
4 C#HBF4h,4C.5000r - min"Z.L 10
min, B I ¥, R T - 70 C k6., A
Beckman Coulter Immunoassay System 3% F 4t 5%
FOCREIME B, W
1.7 BELAESSIT

FIRG R B M 0 OLH /188 &l
HEEIE, LIBIES Excel #1751 4017,
FIVPEME = brdE2 (X £ SD) KRR, A IRIEHE M
PIELBCR T ¢ R Bk

2 GERRHT

2.1 RNA k&l

B RNA $£5U5, 803 pL 52 pL ®E = |k
R MIRIR S , 4 1% TAE B e B Tk
sEENE 1 i, 3 28S.18S .58 3 &4, Ui
RS A1 o
2.2 4-NP 3f ER #1 CYP1A R&HEM

W22 18 s R 5T B, NP J& , 7€ 24 h 48 h ER
M CYPIA XL L (B 2), ER RELE, R
J& LA EE (P <0.01), 1 mg - kg™ NP b3
JG 24 h, EREFEERGXBHLKERREE (P <
0.01) ,AbHj548 h 2R B & (P <0.05) ;CYPIA
Fk 53 R4 LR ZER B (P <0.05), 50 mg -
kg ™' 4-NP 4bFJ5 24 h,ER 33k 5% HE 4 b=
S BE (P <0.01), CYPLA Rk 5XF FRA LK
ZRBE(P<0.05) ;403 48 h 5 ,ER FiE5xt
MANEERBE (P <0.05) ;CYP1A Rk 5%
HRA R B3 (P <0.01) , 100 mg - kg™

B SURTAE S RNA Rk E
Fig.1 Total RNA of liver of Carassius auratus

separated on agarose gel
1. % HE4H ;2. E, 4bPH 24 h 41;3. E, 4b3H 48 h 4;4,5,6 435l
71.50,100 mg - kg ' ) 4-NP 7£ 24 h {4 P4 ; 7,8,9 435
%71.,.100 mg - kg ™' ff] 4-NP 7 48 h {fj4b#RL
1. control;2. E, treatment group in 24 h; 3. E, treatment group in

48 h;4,5,6 represent treatment with 1,50 and 100 mg - kg ~! of
4-NP in 24 h respectively; 7,8,9 represent treatment with 1,50
and 100 mg + kg ~! of 4-NP in 48 h respectively

4-NP 4b3# 24 h 48 h 5 ER # CYPIA £A7ES
XTHRAH L E R B (P <0.01), 1, 50 mg -
kg ™' 4-NP %} ER FKikHi%E SR8/ T E,,100 mg -
kg ™' 4-NP RN BEIE By o AN, FER LA P,
E, 5 NP 7£ 24 h 4% ER FiK 0 H 48 h B
B, 4-NP X} CYP1A £iEFE FFAER, FHERSE
Bif 0 Sk B T 5 (BRI & — AR o
2.3 4-NPxtMiES E, &N

7£ 48 h N, E, 7K F-BE 4-NP 5 &3 i
Wi TRE(F 1), 1 mg - kg™ Ab3F 24 h 55Xt
HvEERBE(P<0.05) ,{HTE 48 h J5F fir[H
F+;50 mg - kg "' 4bHJE 24 h 48 h S5XF R4 H A
Z R BE (P <0.01);100 mg - kg ' L35 24
h XA REERBE (P <0.05),48 h 5%
AU EFWRBE(P<0.01),

3 e

3.1 4-NP ¥} ER RiXHIS0T

o FUMEB R 32K (ER-o) 3 B& 2 MES R 1R
W EE %R, ER-o B THRAZIEBRE, EHHE
BN, ZEU—REMEX SRR SEE , 5
& N % JG 14 (estrogen responsive elements,
EREs) #5% , N SC ISR VR AR o MEZE B
TG TE P # K H IR R (VTG gene) °7',
ER 2% F"7, 40 B B AR bk B M K E W
(choriogenin gene )", % — Z 5| 3 A, Pakel
U R, LTS B, JT, IFAE ER mRNA
1 VIG mRNA B.Z 3, B 15 d J5 I iR
B FNFHRAKF. L E, MEINEEE S ER
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X F, 5 THEB A2 R A T BRI 11
sk, MALEEE R E/RE E, X ER-a £k HESEE o
24h 48h
¢ E24 E48 N1 N50 N100 N1 N50 N10O
12‘5)8  __TERc
500 776bp
1000
750 CYP1A
500 569bp
18s
389bp
a
oXf fControl  m i “F¥ Estrogen @ N1 ®N50 = N100 - ot Control Ml —#F Estrogen =N1 @N50 m N100
= ;—g ' £ 35]
5 9.07 - L
L= 30+ ﬁg >0
2E 95 g & 20
®Ee 50 PI 20
Reg « = e
=% 15 <25 1.5
) <
;‘E 1.0+ Te10f
=T 05 5E 05
2 0 — T
24 48 w
IEl/h time B E)/h time
b c
E 2 WEENRE S ST A R B 4-NP % ER DL K& CYP1A FHIAWE

Fig.2 Effect of 4-NP on ER and CYP1 A expression in female Carassius auratus
a. RT-PCR ¥4 1. 5% TAE xR EER ik 4520 , 24 \EA8 FURIESTE4 1 mg - kg ™' MM ZFC7E 24 b 148 h (PR ISR, NL,
N50,N100 43 537R 4 1,50,100 mg - kg ' f# 4-NP;b. =3k RT-PCR 45 MZE 4T, ER FIAL5RE 188 HEATHIE ;¢ =K
RT-PCR Z2R G507, CYPLA RIAERZ 18S HATHTIE
a. Products of RT-PCR separated by TAE-1.5% agarose gel, E24 and EA8 represent treatment with 1 mg - kg ~* of E, in 24 h and 48 h
respectively, N1, N50 and N100 represent 1, 50 and 100 mg - kg ! of 4-NP respectively; b. Statistical analysis of RT-PCR from 3
independent experiments, relative ER expression levels were adjusted by using the ratio of ER density to 18S density ; c. Statistical analysis

of RT-PCR from 3 independent experiments, relative ER expression levels were adjusted by using the ratio of CYP1A density to 18S
density. * P <0.05, % %P <0.01

F1 BEREFARERE 4-NP 3 #R F & E0E+ E, KFHIZME(X£SD)
Tab.1 Effect of 4-NP on E, level in female Carassius auratus’ s blood serum mg - mL ™’
- FHEB ST A i
Xof dose of injection of 4-NP
control
1 mg - kg™! 50 mg - kg ! 100 mg - kg !
0Oh 247.7 +66.87 245.63 £75.62 257.71 £65.92 255.29 +65.62
4h 250.24 +65.85 167.75 +£51.23 * 147.83 £14.44* * 161.33 +£8.02*
48 h 252.8 +66.43 193.5 +84.07 129.25 +46.55" * 127.67 £21.55™ *

H:+ ZREBE(P<0.05); « « ZRLBH(P<0.01)

Notes; * significant difference( P <0.05) ; * = extremely significant difference( P <0.01)

HAEmE M+, CIESL 4-NP H —5E
FIMEB Z RN . Madsen 2% F B, 4-NP X £
(Salmo salar) #AT5F, 3L E, F1 4-NP ¥ g
B 3% A 85 8 F K OF LA R3S 5R VTG 1A M.

Chang %"V #E 3 3242 3 % ( Phoxinus oxycephalus)
R A A 4-NP, 255 % BIYR B> 10 ~° mol -

L' RE S E A4 VTG M4 AL, T 7E 4-NP
WeBE R 107" mol - L' BF VTG & BLAE J1 T [, 4-
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NP ¥4 10 ~° mol - L™ B FF4UMRFET, YiBA T
NP f2EE ; 2[RI A A 4-NP 0B 32 14 BH I8
| =F4A i (tamoxifen ) i, VTG & BUBE 1 T FE,
ULHATE (RS 4-NP BB/EFI T ER TS VTG &
o BRTE ARSI 5 & B 4-NP fEiE i ER-o
WARARHE D 75 K B £ ( Oncorhynchus masou) {2
PR ER (GTH) FIE A4 &K B (LH-B) &
ik ,{H 4-NP XHEER R B (FSHB) Rk F
H AT ER-o 3122,

AL ZER BN, E, (4-NP ZE6{A P 24 h il
48 h ¥R B E G N ER-o e 5%, 250 & — K
BN, LB 4-NP 5 ER-a RiEH LHA —ERX
%o 1 mg - kg™ 50 mg - kg™ 4-NP F /N T
1 mg - kg™ E,,100 mg - kg ™' fJ 4-NP [{550p 45
¥t 1 mg - kg™ E,, K NP A 55 MEMEB . 5
Hh, G5 R B R 4-NP 24 h X ER-o 3K K00
48 h B8 , 3R] 4-NP e X} ER-o A B EAR
Mo
3.2 4-NP 3 E, /KUK CYP1A By

WEF R N B o R B Z B, KFREE, B
E, X (4 59 ETE B PR & R O 40 I S5
HAEEEH. ERIR KRN 4-NP X a2 EE
HEBCR BN " o BRI T 4-NP 3 B, /KF-5
WA BT IE 45 B H A —3, Baek 1™ 7Rk M
FEH K KA 08 & ( Chasmichthys dolichogna-
thus) SREAL AN A 4-NP, 255 kI 4-NP T3
THEBE K1 ET. Kazeto %7 B 55 % BLBE
X R AF (Ictalurus punctatus) F1BE 5 1 22 4-NP
B Ja, H O R 2= K B P450 37 7 1k B
(CYP19A2) %Kik Fifl, BT P450 S EMEES
W HEBCR e 40 UMEBL R M/ AT, X % 75 NP 7] R
R PAS0 J5 7 AL EGFR X T LA E, KF,
AR BN . SR, FE e PR ) B 5%
BRI ,A-NP IHBH B E R E S MK E, 5
il ( testosterone ) F1 VIG 7K %!, Thibaut 21!
PR R, TE RSP 3E IR BRI BRAH R YR BE Dy
10 ~100 pmol - L™ f] 4-NP X} E, {Rit& 3 #Hil1E
Mo

S5R BN, 76 48 h [ 4-NP HE 01 i e 6 1, 775
H E, MK, BEE Wk BE I T ILVE Y B, KT
%, [RlB A< 52 50 & PR 4-NP fE{E i#f ER-a HIKRIK,
] 4-NP 7TEAR N RBIUE ME R M TR 2
& ER 523K EREs W3Rk, B A SE MR R RN o

Yadetie %% B 5% & B, 4-NP 7£ &)y 45 K 75 v fi
(Salmo salar) &N BEAEHERTIE ER VTG LA K Zrp
HIZRIE, B E - HOBRLN, 7F B &I 4-NP gE#]
il E, 5 ER 456, \Ii45 Hi 4-NP fgifiid ER &
#¥SF ER\VTG DL K Zrp RB ML, FA
IR R G ZH—8. 460 B4R, R\
458, 4-NP 7E MEST /K 938 3 ERa 32 12 SC P
A

CYPIA J§ THifia R P450 FE R B KK, M
22k CYP1A K&+ CYPLAL f1 CYP1A2 Wi
i, it 26 U CYPIA —FiER ™, CYP1A %
AMNETE YL (4n TCCD %) Wy iEE , XHEARNFED R
WEAEZEEM, I EFEHEEHRN N EE
1 BRI CYPLA Xt B, BARILIEH,
T3k E, BRI BEE AR E, KPR T M. Il
FATHEN 4-NP g0l —nEIERRE# CYP1A K
mRNA K EF, N R E, KFHT
W20 ARSI E R & B, 4-NP Xl CYP1A
HEERMFREEE LAER, 2R E - BB,
SEEAIESE ,4-NP /] X CYPLA #y3% ARfH
B YE B, KR TRE

Lha AL g KA T E HER AT LR
WA T PR 7 AR % B 2%, ™A1
8N A B AE FAMLI FT 68 S A [RIH LR b2 2540 AE
AW ESEHRRA R, H A L5 B 58 444 (n
REESE) LI B 5 Z R H AL TR I A 58
A, BT B8 B RSS2SR

ASLH BN SL K 4 4 4-NP #5595, ER-o Fl
CYP1A ik, 257 & — KB 3 H 100
mg - kg 7' ) 4-NP R0 #50T 1 mg - kg ™' B, , %
B 4-NP A 55 M R B 75— 7 1 ,4-NP G
THMEE I E S E, B7KF. U ESCE a5 R R 4-
NP 7E6flfa (K P38 3 ER-o 32 SE M B 306,
Jf H 4-NP #3755 CYPLA 3 A4 {f 6 4 1 75
E, 7K T P

AT, % F 4-NP iR 7K £ 28 5 N 4 i 3L 6L
YEFR MBS RIRIE 25, HAEIR K 25tk 1R AL
il E MR RRREE SRR S , UAREAH
RFZ5, FHE—25T
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