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HEZE R a2 B, B 716000

WE RN (OP) XMV TR ST A AL B TGP S g O BB e (VTG) B i BSZ A K IR R 5k 53 ) 22 5% T 4 FhoAS ]
BT OP(0.12,0.19.,0.32.0.52 mg/L) HH54E 7,14 21 d F1 28 d, 2R AR &0 46 D0 i 8 8 A s (L I ( SOD) 55 Ak S il
(CAT) W& & , RAWATR e HEE AL SN I VIC WM& s, 455%EM,0.12 mg/L OP JPif 14 d,JiFAE SOD Hl CAT %
0 AR AL (B SRR 0 ) R [RI ZE K SOD I CAT & R H B3, 7E 0.52 mg/L OP i 28 d I A3 £ 4%
IR VRSKAE 0.12 mg/L OP Hizdig 7 d B, IV VTG 7 & i il H: i 35 s, BB ol 5] 2 1S RN ] B 424G, VTG & i 2
FhEraste, $R OP 3 XF SOD F CAT 16 PEA 52 i3 il /E 1T #%HJ}L*IJ%ﬁ%ﬂﬁﬁl‘ﬂﬁﬁﬁﬁﬁﬂfﬁﬂbnﬁﬂ 1 AR 0P
JbE AT 5 VTG G B, I Fifl 22 5 751 ek 38 ORI s (8] 2B 4 T 75 1 Qﬁi,ﬁﬁ%ﬁﬂﬁﬂfﬁ«ﬁ%xﬁr‘ R S HAEBUA A B R R,
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Incidence of antioxidant enzymes and vitellogenin induced in male loach

( Misgurnus anguillicaudatus ) exposed to octylphenol

LEI Xin ", GUAN Pengzhou, JIA Xiangrong, WANG Wenqiang, YAN Zhilian, TIAN Pengfei
College of Life Science, Yan'an University, Yan'an 716000, China

Abstract: Octylphenol (OP), a group of alkylphenol polyethenoxy ethers ( APEs), is usually present in polluted water.
OP has strong estrogenic activity, is easily concentrated and is difficult for animals to degrade; therefore, it may affect the
function of the liver of Misgurnus anguillicaudatus. The antioxidant enzyme system is an important protection mechanism in
the body that prevents oxidative damage during metabolism of oxygen free radicals. Although some studies of the toxicity of
many phenolic contaminations have been conducted in fish and mammals, few data are currently available regarding the
oxidative damage and estrogenic activity of OP in fish. To investigate the damage and activity of M. anguillicaudatus, the
median lethal concentration (LCy,) of OP for 24, 48, 72 and 96 hours and safe concentration (SC) were calculated by the
single factor toxicity test. The LCy, for 24, 48, 72, and 96 hours were 3.26, 2.69, 2.12 and 1.82 mg/L, and the SC was
0. 54 mg/L. Based on the SC values, male loaches were exposed to OP at four different concentrations (0.12, 0.19, 0.32
and 0.52 mg/L) and the activities of antioxidant enzymes ( superoxide dismutase (SOD) and catalase (CAT) ) in the liver
were determined at 7, 14, 21 d and 28 d. Additionally, the levels of serum vitellogenin ( VIG) were examined by
measuring the alkali-labile phosphorus content of the lipid-free protein fraction at 7, 14, 21 d and 28 d. The results showed
that the activities of SOD did not differ significantly in response to 0.12 mg/L of OP during 14 d, but that they declined

significantly with increased exposure time and concentration, with the lowest activity being observed in response to exposure
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to 0.52 mg/L of OP for 28 d. The CAT activities showed a similar pattern. When compared to the control group (0 mg/L),
the levels of serum VTG increased significantly in response to 0.12 mg/L of OP at 7 d, and increased further with increasing
concentration. As the exposure time increased, the total VTG activity in the four concentration groups also increased, with
the maximum value being observed in response to exposure to 0.52 mg/L of OP for 28 d. These findings indicated that OP
had high toxicity toward M. anguillicaudatus and that moderate and high concentrations of OP were able to induce oxidative
stress and exert a significant negative impact on SOD and CAT activities of M. anguillicaudatus. Moreover, the inhibition
intensified remarkably as the exposure concentration and time increased, resulting in the hepatic defense function of
antioxidant enzymes being reduced. This, in turn, caused excess reactive oxygen species ( ROS) accumulation, which can
lead to oxidative damage of M. anguillicaudatus. The serum VTG could be induced in male loaches treated by OP and the
induction intensified greatly with exposure, indicating that OP possesses estrogenic activity that intensified as the exposure
concentration and time increased, leading to damage to the reproductive system of M. anguillicaudatus. These results

indicate that the estrogenic effect of OP may be closely correlated with oxidative damage in M. anguillicaudaius.

Key Words: octylphenol; Misgurnus anguillicaudatus; superoxide dismutase ( SOD); catalase ( CAT); vitellogenin
(VTG)

FHEW (octylphenol, OP) BN —FhEEZE PRGN AL T JEURHR R TR] 0, )32 FH 12 T M 771 L S Ak ol it |
K2y P S A e B R E) ATk (APEs) W B h ME EIE MR AER  — R B
Dy & 5 MERERR AR R, T | A B T LGE A B ) A% 3o R R I8 P Xof 7K A AR 0 7 A B AR T A 3 T fiE
FbliA= 2l SR AR AR, B BTEAA B 15 ek BE TT 3R 1000 ng/L, © A 24 47K PREE i i B2 475
Pytol Bl el AR Tk T b A (DR R R S BT AR I S A0 A TS YA TN 22 A Xk 2 K A A ) K
MR TS 2,

AP B ARG (SOD) Flid %8k S0 ( CAT) J23h Wik I B 2 1 T AL B ( antioxidant enzyme ) , s LA B
I A 2R G ) R, AR T PR AR 3k HL 0, AKBE IR ¥R 58 F i 38 055 T R R, BT
(TG PR AR A e — R R L AT S WS Y Xt A W A (G 5 ), 2 — S ABUER I o FAE S B AR AR DN R
J5 (VTG) & BRAE Sl 91 8 2 1 AT IAC , 75 ME: 2l 1A PR 52 P 905 0 98 3R 1980 908055 T 6 JHF 4 L e 5 i, T e
AMARTES MR R B MR AL G S S AR e T & 1, PRI RREPE AR N VTG 9 5 AR A mT VR R )
PRSI PR 5 Y W MR RUN S TG S 5 e A A R A0 P 451 4 B DT AR O
1M Fh PRI MR R 5 RS ) ST 05 7 RE 2 S BUMEVE MR R AR B e . BT, 2R Ak S W s S A SL Sh W i Bt
SEAL G MR I O A — 2058 8 OP X a2 i A 405 1 FH R B8 W U8 38 8y DA 19 3 FE G R I
FEBEATHRIE

7):5@@((Misgurnus anguillicaudatus ) Z—Fp/NEIRIK | 38 W T IR TE KA 2 R SIS BT, S IFE,
— T R K IR TS Y W s AR AR I 50 S, K OP e o H S MR AL | B A
T e R B B 1 RS2 BIFSE OP ) #2038 14 S AR 401 43 B2 IR B ME R 00, B 7 N IR AR B 2R AL 5 Wy 0
FA B PR HLT R AL GORE , 17 Bsf SA >4 b 7K BRI 75 e 4 RS R SR (R A 4040

1 #MREFE

1.1 MRS 20

VBRI TR P 2T AR AT, 1EZIRT , HZT 3 d ASRMEA A RKYIFE 2 JE G, Pk fdt e st iy
PEJREK AT SC00  Z TR BB i (12.322.5) ¢, PR BN (11.022.0) em, FIEW, 04, AR
VAL A AR R A A A=, SOD 50 & . CAT 557 &, W4 B mE st e A= 9 TRERF SR T
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1.2.1 2Rt

FEIE ORISR SEEAT 2 WHUAE:, B2 OP fe K 32 B BV B (1.06 mg/L) A5 /)N 4 B0 o i vk
(3.32 mg/L) o FEEEXTELEEE K OP & 5 Ak B2 (1.28.1.55.,1.87.2.27 2.75 mg/L) , [A]HTi% %8
P R ZH (INZ8A8K ) , BN ALER S 3 ANFAT, BE4 20 R VRTS8 IF 4R 5 S 8 h WLEERERkAY 75 3
BRI OL AR A s B 24 h Beit 1 RGET-H, R 1 RAZIZG, AR IE 25000 S . pHL L K S HAth 2 Ak
BhrfgRaE " I MAET R IR T 96 h, RG] A4 L5 9 R 300 1R) 5E 4 A R), K I 18—20 °C, pH
H 6.5—7.0, %l 7.5—8.0 mg/L, ilI0 440 40 L ¥WBHET , BE6T 8% 20 L OP AbFRHK
1.2.2 WAkt

FRAEG 2 PE R0 T2 R 7220 R BE (SC) LU # FRAEXT B0k OP 18 4 Ak AR B2 (0.12
0.19.0.32.0.52 mg/L) , [FA iR B 25 (A HRAL (INZEIRK) |, B Ab B 3 ASPATAL, AL 20 R TR 6 .
48 h B 1 YRAZIRZGIL, R PR DV /N R AN R BORE, BORERT 1 d 45 kMR iR ) i 5 2tk
BRI AH I
1.3 Hréa AR il 4 50 e

YT OP 852 7 .14 21 28 d WRAE AR BENLE 5 IR, i) 2 BB FFRE, fin 4 °C F574 () A 3R
KUK SN A3, L) 10000 1/min 4 °C .0 10 min, B EVEWR, B 241 SRS U

SOD PR AT SOD 5 &l . LL37 CHMT , BZ AL EHAE 1 mL B SOD i 2k 50%
BEXS Y SOD f 2k 1 AN B (U/ mg) o

CAT 1R CAT A& IE . LL 37 CHM N, B2 w HEVE AR 3% 1 wmol/L H,0,7E XN 1
/l\@ﬁ{ﬁ‘@$1j( U/ mg),
1.4 VTG FE& 1] £ 500w
1.4.1 FESLHA

S3FE OP W2 HE 7.14 .21 .28 d BFALFEIREH , Wi R, r 75 M FE7E 4 °C T & & 4—6 h, 10000 r/min &5
0 15 min, B R VREAAE, FRI O SRMZE SRS K UR Bk ) AR R AR T . RS L M L B
i) i — 2P S
1.42 VTG SHIE

KA T ETEEASSERENZ I VIC & &, BEEMDIAREH 10% =8 LRIER T
BP0 CEw, O£ LW INA 5% =S LMREER,90 C TIFE 30 min; B0k 13 ;435 oK 28

S Sk oK OB (RBUMEC 1:1:2) IR AN 2 B3 8 VR UOUE , 77 % 38 s iNA NaOH, 100 “C7Kf# 3 h,
TR KRR S AL A R EhER R, IR R (B .3 mol/L H,S0, : ZEM/K:25 o/L HHER%L: 100 ¢/L
PRI = 1:2:1:1) ,37 CHFE 1.5—2 h; A HOEEETHINE 780 nm i1 K Ab 1 W SEAA, AR 4l G (B 3 H 5 5
i HIAT S B VTG 15 6 o AR oK BEIR — U8,
1.5 Fdliba

iz FH SPSS 18.0 #A4%F OP 14 o 2 v B X 5 {5 Y kA8 T JL 3R 1) 5C R b AT Ml 434, A3 B mE 7 f y =
ax+b, 1 Bliss GeiT 5 24 48 72 F1 96 h [ EBBEWRIE (LCy) A1 95% EAFIX[H (95% credibility
range) , H LCy M LATHA 22 (SC) 1™ ,SC=48 h 1.0, x0.3 / (24 h 1L.C,,/48 h 1.Cy) 7,

JIFA B 2R T SPSS 18.0 Seit AR 4 #F A7 5K 36 5 25 43 1 ( One-way ANOVA ), FH e/ b 35 25 B0k
(LSD) #1728 Wik , B R FoR NP E e 2E . WEME2E R DL P <0.05 RoREF B E; P <0.01 FRER
ST

2 HR55%H

2.1 RER R AR e R RN
MIERKF , FE IR Ew] 6 h N,0P AR B (1.28.1.55 mg/L) AbBHE Yk A B 2 19 5
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R, TR E BRI (2.27 .2.75 mg/L) AbFH 2 h 5 YR Bkt T A IR s BRIk e A | DU AL ELES ;6 h Tk
AT, BRI AR H K T R AR RE | T B AR K 8 h JT R ERAE T IR R A &
TR TEAE 5 NIRRT OP rhsET- R 25 {k I,

1 I OP IR, e |

W18 , HA L AR F, A IET AL SO T 3 ~+— 961

JURIGE 5 OP R IR AL e e T s, 7 £

T, ARSI R AR L 1, 3 1 TR 0

24 48.72.96 h ) LCy, M1 SC {H, I HFfi# OP Yeaghf(a] g or

AIFER: | LC 3 BT/ o . . . .

2.2 OP XHRBRAFED SOD I 1 iy 3 Y xmmEREOMmEl)
22 nf UL SXFRRZH AR e YR fKFE 0.12 mg/L OP Mass concentrations of octylphenol

HARRE 7,14 d, FFE SOD & P34 T0 i AR 1k, 2558 21 d 1 RRMECRSEEMRERENLR

Hﬂ‘{ﬁ‘@?]‘ ﬁ%[‘%fﬁﬁ,ﬁﬁ?{ 0.32 mg/L %l] 0.52 mg /1. OP Fig. 1 Correlation between the death ratio of Misgurnus
HREE 7 d i, SOD R IR 1t E%_FF%; 1 0.19 anguillicaudatus and octylphenol (OP) concentration
mg/L OP W &FE 14 d I, SOD {EPEAMIL R E TR, [Fl—ZREE R 7E 4 DBk OP AFRZH | F I
KBS OP (0.12 mg/L) AbFRALIREHFAE SOD ke , B OP it ik B i3 Ok, i M i AIK, 24 OP Jit
HHE N 0.52 mg/L i, SOD 1K PEFAR

2% 2 AT YR BKTE [l — B i ik B OP 2 85 AN [R] (W B [H), SOD 14 25 5 W 35, I 5 2% % AsF ) 1) %iE
£, S0D 1 PER ARG, 4 DBUEKE OP AR PR EHFE SOD JEPEYE 28 d Ak,

#1 RHEET OP FMRT RS FREREMMMEESRE (n=20)

Table 1 Regress equation between the death probablity of Misgurnus anguillicaudatus and OP mass concentration logarithm

LHBEHE/ (mg/L)

SRR E/h EEpy s PN Median lethal 95% BAE X/ (mg/L) AW/ (mg/L)
Time Regression equation Correlation coefficient concentration (1.Cs) 95% credibility range  Safe concentration ( SC)
24 y=5.43x+2.20 0.95"* 3.26a 1.90 — 12.07
48 y = 6.98x+1.98 0.97"* 2.69 b 1.84 — 5.50 0.54
72 y=7.75x+2.46 0.95"" 2.12¢ 1.41 — 5.71
96 y=9.51x+2.48 0.98"" 1.82d 1.37 — 3.15

WIS, xS OP SRR A H FAT B,y HIRBHAET- LS « « FORZE M B E | P <0.01; FFNEHE G AR 71 3R A [ 4b B 5050
Wz 2R B, P <0.05

®2 AEREIRE OP TiRHATAE SOD FEEMZM (MeantSD) (n=15)
Table 2 Effects of hepatic SOD of M. anguillicaudatus exposed in different mass concentration OP

AR FETE]/ d XJH& Control Superoxide dismutase (SOD) activities
Time 0.00 mg/L
0.12 mg/LL 0.19 mg/L 0.32 mg/LL 0.52 mg/L.
7 35.95+0.08 35.38+0.52 a 34.55£0.39 a 31.98+0.88a " 22.13+0.94a "
14 36.34+0.21 34.97+0.42 a 33.36+0.21a"" 29.07+0.74b " 8.29+0.87b "
21 36.78+0.24 34.47£0.14a ™" 32.15£0.19b *~ 25.08+0.82¢ ** 14.42+0.91¢ ™"
28 36.90+0.19 33.05+0.41b " 28.54+0.85¢ ™" 21.37+0.73d " 11.15+£0.91d **

* 378 OP AP SRR 2 (8] 22 5 3 (P <0.05) 5+ + FoRALHILH 5 X HRZH 2 (W] 22 il W 2 (P <0.01) 5 [RIZI B 5 bn AR 1] 5 RE 3 2
INEFRARE (P >0.05) sin RRETHERZRBE (P <0.05)

2.3 OP PRk b S A S e 17 1 1Y) 52 i
H % 3 a] UL, SXTHEALAH L, VR BIKTE 0.12 mg/L OP "2 HEE 7,14 d, iFHE CAT 3§ H47C &A1k, 8 21

d B PEA  2 F R AE 0.19.0.32.0.52 mg/L OP H5%5E 7 d CAT JHVEENA W H B 2 TR, [Fl— SRt
], 7E 4 DR OP ALBRZ rh | AR B EE OP (0.12 mg/L) AbFRZ PRSI IE CAT 3 MR , BE% OP Jif
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TR A IR A, 24 OP B vk o 0.52 me/L B, CAT {6 P,
H e 3 iR Al PR BRAE [R]— R B OP A B 5% A R (K Ik R] , CAT 35 P 25 57 0 35, I Bifi 5 25 5% 1) () 114 7B
Ko TE R R B RS 4 DR OP A4 J U CAT 1EPEIALE 28 d HRAIK,

#R3 ARRERE OP TiREFFBE CAT EF MRS (Mean +SD) (n=15)

Table 3 Effects of hepatic CAT of M. anguillicaudatus exposed in different mass concentration OP

BN/ d %} 18 Control 1 E AL ARG P Catalase (CAT) activities/ ( U/mg)
Time 0.00 mg/L 0.12 mg/L 0.19 mg/L 0.32 mg/L 0.52 mg/L
7 26.01+0.17 25.35+0.46a 24.52+0.35a " 21.86+0.68a ** 12.43£0.42a "
14 25.74+0.54 24.93+0.48 ab 23.24+0.18ab ** 18.89+0.43b ** 11.29+0.25ab **
21 26.75+0.20 23.68+0.50bc ** 22.06+0.34b ** 15.17+0.88¢ ** 10.51£0.11b¢ **
28 25.87+0.92 22.35+0.16¢ ** 18.48+0.84¢ ** 12.04+0.63d ** 9.15+0.09¢ **

2.4 OP XU SR i O 2 2R 1 i 14 52 i

55 4 A WL, 5%t PR oA, DR SRR B R OP (0.12 mg/L) WPEEE 7 d B, %5 VTG AKCF B #2 H:
T I HLRE A R T R B BN, VTG JKFE 8T i 78 T ik (0.52 mg/L) W2 #E 7 d B, I
T VTG KRR B A R, 76 4 DFUEWEE OP ALHEA b JRERIALTE VTG /K FREE SR FR I H I IE K (7,14
21.28 d) ¥R ETHEH 7E 0.52 mg/L OP FhEEER 28 d I, VTG KA,

*4 FTREREIRE OP MiRHMMF VIG BIIFEF (Mean xSD) (n=15)

Table 4 Effects of serum VTG of M. anguillicaudatus exposed in different mass concentration OP

FEFEIE]/d X} B8 Control BN 8 2 14 J5KF Vitellogenin( VTG ) levels/ ( mg/L)
Time 0.00 mg/L 0.12 mg/L 0.19 mg/L 0.32 mg/L 0.52 mg/L
7 0.19£0.01 11.20+0.08a " 12.06£0.04a " 16.34+0.02a ** 18.06£0.05a "
14 0.22+0.01 13.77£0.07b ** 14.63+0.03b ** 20.62+0.01b ** 22.33+0.03b **
21 0.23£0.02 21.48+0.03¢ ** 20.62+0.02¢ " 25.76+0.07¢ ** 27.47£0.06¢ "
28 0.27+0.02 23.19+0.01d ** 24.91+0.03d ** 29.18+0.02d ** 28.94+0.09d **
3 itig

3.1 OP xHlfedfki) AL iR

— RIS YA £625 96 h 1 LC [EVE N IRETIE Y s th PR (A Hi , vl e 2t stk ool 5 A4
<1 mg/L NI, 1 mg/L< LCy <100 mg/L A #HE,100 mg/L< LC,, <1000 mg/L JyH&aE, 1000 mg/L<
LC5,<10000 mg/L HfIK#, =10000 mg/L K" . RAIFAIRE LR, 0P 96 h LCy ol 1.82 mg/L,J& T & #
SER T Y, HXK AR A W i B 5 R PR T, R 5 R AL, AR I S iR e s e
FEAATRIE ] P, YRSk BE T 3R bl OP Jo i vk JBE (38 K 5t b Th a8, i W — 52 79 53 [T P, OP e R kA7
B SRR

PUAAEE R G URLER A A el B C  Se 52 AL B i SR R 42, Horh SOD Bl CAT 7E2 5
TS (ROS) MV BR ALY PR il 25 AR, SHLARSZ B 5E B T i B A s &
RS SEWUAN AR, BB R T SRS TR M8 4 5e [C R EE IR ( Procambarus clarkii) I
[ SOD Il CAT 15 AYRZ I , & BT AG TR X 2 Al PR B W I E R . A IS e T 28t
LLE IR )y il ( Takifugu rubripes) ¥ JFENEHT A ALEEAGREM AN 16 d B, SOD T Mk 25 il 2=t
PG 2R BT OP it X R BRUHFIE SOD 16 P Ve, S BOL AR A0 . AP as R s,
16 OP WAkt i R (0.12 mg/L) Wrif 14 d, JRBKAFAT SOD Al CAT F3&PE I & A8 1k, {H B
% OP Jilp3 70 St 338 AW 300 oF TR RE | 2 ot ) 0 1 4% S22 0 S R AR P R 3 | R I E — e R Y, 8 8632 31 Op
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BRFEI A I SR 2 AT A LR REAERR IE AR BRI RE 11552 3 OP v BE A I, 2 Fhbii S Ab s 1 4 )
AR Bl e 7R S ORI TR A A E AT, $275 OP 36 i 2 fif g Sk ST JIE S U1 T R 8 1Y
B D BEREAR , ML I FR B3t B ROS, T B AL B i 1 & 4=
3.2 OP XFJefik i Ml R R

VTG it SR R Z A e VIO R, T v U sk A B o3 V5 M 0 38 KOS B IR, 1
VTG 7K, 2 X LIRS, PR PR DR 8K 1MLV VTG 7K 1 28 Ak RE 8 e S WA MR MR W B 1+
MWEH, AR D X R EIEL ABEA (Polychlorinated biphenyls, PCBs) 1 i #E 14 £L 48 14 ( Poecilia
reticulata) VTG #EAT K, % B PCBs W i /=4 VIG, F 27 0% il ad % M v b [ AR i ( Rana
Chensinensis) FF40MEBLZR SZ KR VIG ARG I T &8 % VIG A B a0 SAEH . AR, iR 1E
OP iR RSk YE VTG 7K E A H I 25, Ui OP ZEJFIE & 5L VTG i & b HAT 5 AR, $7m FLXT i
PRV BB AT — 1 BRSO

A AR R A X HEVE RSN TE VTG M5 AR IR, &3 VTG 55 fat BN A folh 61 At i) 1 36 51
SEYIG I 2, AR OP ik M Y 85 35 VTG KA 45 2R o, B A OP ik 1 & (Y 3
B, VTG K5 BT FER—H 5T, VTG 7KV BE b8 I 18] i 1 B8 T o B OP X ME: e ik ) ifi v
VTG 135 A -5 e 0] B R (8] 2 ) 0 2R 175 S0 T BE A 77 434 SR 8] S 4 T & g 5, $2755 OP 11
R JEA 3R 208007 0, £ T 7] R ] ) 185 I T 3G 548, 3K AT BE S R B 1 e ik A T R 45 7 A S

T A5 PO W5 T ORI Xt Bt 4 (P& B ( Mesocricetus auratus) (AR #EME S EALBOIIY OC R 42
Hh A AR5 T R R B MR A R AV E AL — . ARBIEGE T, OP X470 40 H il 1% A4 1 400 1 P 2 36
TR Bk P ROS MFR B 1M ZE KRG A YT ROS (4 AUS I L AR 41 L T 5%, /b ROS #EBE TP/ LG 4y T
AR 2 T B E Y Bk A ST e 2 48, X 5 B IR OP XHEEMETRER IS VTG BYE S ALR AT & /Y, i
OP Xof e P e 8k ) i 2= 2800 vl R 5 HAR e i A B DI G 2R
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