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WE SRAEBUKESREDIS T H A Y E (Ciprofloxacin , CPFX) 78 5 5 SR8 (Allogynogenetic crucian) RN R R 533075,
FHUMET RERMEN A, DAEREBEER R, SRR, AR KERBEMBERE 3 MARS LN CPFX
ESFRENIENFHBERAHEE R AFANAARBE P CPFX EAKNE MR FHNREELZE T KELAARE, 3
MARSGZ T ARE T, CPFX ZEF 5 R PR PY o AR R KB, R B RBCER R, I LR REREE, BR
FTATRIELR , CPFX FE AR N & BB R, 7E CPFX REVIH, 7 F R4k EROD B HER21Mt , REE45d 5,3 B HEL X
FE M EROD EH R 2R BRIAK T . RERM GST BHEEZ 2] CPFX 15,3 B ARISA 255 ¥ 53 GST i HE3¥n,
HEHRBREIE M, REVHARLEYA GSH SBYA TR, EHERBAFER, R FREEN GSH R2ES, ERERS
BOUKE ZRBRIKTF.
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effects

NIE Xiang-Ping', CHEN Ju-Fang’, WANG Xiang'?, ZHOU Xiao-Zhi’, LU Jin-Yan, YANG Yu-Feng'
1 Institute of Hydrobiology, Jinan University, Guangzhou 510632, China

2 Environmental Engineering Department of Jinan University, Guangzhou 510632, China

3 Institute of Hydroecology, Ministry of Water Resources & Chinese Academy of Sciences, Wuhan 430079, China

Acta Ecologica Sinica 2008 ,28(1) :0246 ~ 0252.

Abstract; The biocaccumulation and distribution of Ciprofloxacin in carp, Allogynogenetic crucian were assessed with
stimulated aquatic microsystem, the same was done for the enzymatic activities in phase I , [l metabolisms process of the
carp. Results showed that the bioaccumulation and distribution of CPFX in A. crucian exhibited remarkable differences
under various exposure ways. The residual concentration of CPFX in visceral and muscle tissues of carp were much higher
through feeding exposure than via waterborne exposure. But no matter which way was made, there was same the trend:
CPFX were absorbed quickly at initial stages and reached the highest value soon. With the extent of the exposure time, the
residue of CPFX in carp decreased gradually. EROD activity was inhibited at the primary period under the exposure of
CPFX and then returned to the original level after 45 days of exposure. GST activity in carp was induced under the exposure
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of CPFX showing a lag response phenomenon and the increase of GST activity displayed in three exposure pathways. GSH
content in carp decreased in all treatment groups early and then displayed inducement response and resumed the level before

being exposed after 45 days.

Key Words: Ciprofloxacin; Allogynogenetic crucian; Bioaccumulation; EROD; GST

HUE R RK P FET) AN —KAY, EEKFERERERERTRIETEENEM. BR
A RGYNA G HEEATREREFZAEEW, AP LR AR YT RERENRWAR HE
BT R P R A BB, SN B R BB T R LA R Y T BB B S AR R
FEAETR 2 s M R K e BRARDRE P BB A R AW U E R TR Y LA B IA R 3 , T BV S8 A Wyt e
ERRAEES  BINFEHER YR LBRE, NERER, BABKALEN" AT aEET
BRI RTIBMERRE AR,

WA I 2541 4 & (Quinolones ) & X BT K 7™ 77 78 b 83 8 Fi B R K= 25 . 3R 2 ( Ciprofloxa-
cin) £y ST RS L IR 25 ) P B S BU 25 W) , 70 K 7 SR R mP M D £ 2 BRARDRLES Bl , R TR B ALiG 7
TK A= S B R R B o

K7 FRFE R e R & R AE R A WAE I P i F 8 B AR S R — AR R [, SR T
SR YTE K IR 5 P KRR R AL FIE AT (TR AR W A B 4 LA B X 7K A A W B3 3800 15 R A5 BUBA B 3
W7 ARSCERI AR KRB SR, B9 CPFX SLEI A 2575 5 &5 438 (Allogynogenetic crucian) kPRI
BE50MREURELYRBEROT 7 TR YaRAE, A#E—2 T ARG EYERPRTRE.
AL BB R SRR AR R , R EK ™ B R 2MAESH BRI A RRENE L,

1 HEE5FZE
1.1 A4y 5EEZ

FHHE: A6 ~7 cm, H(10.3 £0.2) g, REBRE[FHOKF BT O R, HRIAVE(HTE
385.82, BB TAKERARMMBER) 48 99.5% , il E XEHFRAR . K=EE: ] REREBARBUK
PR R, 2RI &R,

BHIAZG 5 ERA R EARER I B Sigma AR, 418 99. 9% ; ZJE A 1%L (HPLC) , EEM T A ;
ECRERAHEi(A. R ) LA, 7-385-3- 575 B ( Resorufin, RF) \7-Z & F- 357 W53 3 vt ]
(Ethoxyresorufin, ERF) & 54§ ( NADPH) JiJ H Sigma A7) ;1-8-2,4- &% (CDNB) 5,5 —HfAW-2-
AR B2 (DINB) g B Fluka AF], EREAEH K (Glutathione, GSH) /NE ML & 1A B A Fg w5
AT,

1.2 {{&H5%%

FERBAEEIE Agilent1 100 R %, BLA G1313A B 3 HEFHE & A HE LR I 25 5 ¥& U & 22 B8 .0 L ( Sigma 2-
16k ) 5 AT W43 66 E 3 (Thermo Helios-) (320640668 T (HITACHI F-4500)

1.3 REEES RGN E RIRRR T
1.3.1 ATHEHAERRE

KA EABKFFE RS, FEARFR Y 300 L B3R LMK A (D =80 cm, H=60 cm) FHLAS cm HIEL (B
HAEETR L, 24 BIFLIBREATHFREBRY)) , IMABRSERK 250 L, RABALE, #E—FE,R
A 20 1 2555 ( Echinodorus amazonicus) , 2 GiFe € Ja , TE /K JE 58 W LA 29146 B9 57 B 4R 8 ( Allogynogenetic
crucian)30 F& , AL ( Corbicula fluminea)60 H, FRFEIRE IR K HAS L7 26 ~30°C 74 6 mg O-L 'Ll |, %
278 R,pH 5 6.8 0.2, BHARKKE 3 M PATRE/KIEMA, 1 = BXHR, IrA S84 Yrdsr 10 d, @R
R B

hitp : //www. ecologica. cn



248 £ R

&t
4k
=

28 %

1.3.2 ZiWREHK

RE3IHAFWBELTRX (1) KEKRAEZD, EHRHRIERIIEYE 125.0 mg F/KER, MARBKHEH
RS, FUKFERBRIFRYERE N 0.5 mg-L™' 5 (2) FRAZ, HFRBELRI R YL 125.0 mg, MAZSH
TRt b 2 M B O 900 mg-kg T A TEEARRE,22 d W5, (3) KEMERNREAAZ , MR ILIMIF
WY E 62.5 mg FI/KER, ARB KR HES, K PEBRIAR P EWE N 0.25 mg-L™"; [F i R FREL
HMIFR YR 62.5 mg, i1 AZ AR Sl 2T VR 450 mg-kg ™' AT FEA1ER, 22 d M5, 3 AR
HYRREE B HEHE S H AR 2 R (EP9:00 F115:00 A 1 %) , HIRBEHAKRER 3% 1+ (K
PR 2B B, RS 2 BOK RV EDBHR A A A A BB SE A TINZ5 LA 22d 5 , HAR AT R
=EEE) . 83 KABRS BERKHNREERFEK, & BN AR . pH {8 . B f#EA (DO) K FiF sk, =K
I RFEIIT45 d,
1.4 HRAHE545H
1.4.1 FHHIkE

ST 1.7.15.30.45 d 43 HIE S B, BUILA I IE R R HRIUER i, BRI 3 AT IR S
EXHR, T BURE R B T - 80°C R IR vk AR AR &,
1.4.2 WAHAIERMSLBRESH

3% 4% ; Hypersil ODS 3474E (250 mm x4.0 mm i. d. , 5 pm) ;3% 3048 :0. 05 mol -L™' BB/ = Z. BE & 0¥k
(pH2.4): ZHEWFR LB 80:20 ; Rl 28 : 2 BRI 2% , R Pt 4 280 nm , R H1E K 4 452 nm, #:iR:30°C;
W :0.8 ml-min ™', HEREE:10 pl,
1.4.3 HmpyFLE

MERRKFEPBUR AN, ZR T BERBTF. FSIEPITR, WS, R 2.0 ¢ SJFHEH/T 50 ml
BRBELES, A 10 ml 285, 74032, iR A 2 min, 2L 10 000 remin ~' 3 EFE.L> 10 min, FERAEH -
HRTH—BLEY, REER LRREERRR—IK, R ER LFB A, A 10 ml IES Xk, Rl
BGNR, #ERE LR, HMA 10 ml ECEERBIE—K. TERE4CKBEFHESIKT, -20C 1K
SRR, WERTFS 1 ml WEAIAHYEAR, UL 10 000 r-min ™' EEEFES > 10 min, | 5% A 4T L AL U8 B T vk
At R, URWR LI% HPLC Rl o
1.4.5 KEERNE

PR B SURE R (IR P K 3 Rk B2 B4R, #4E :0. 01.,0. 50,2 50 mg-kg ™", 7K :0.005.0. 05,
0.25 mg-L™") #& LR FRE S s BBANGL G, ZER H P9 5 WEE I E B . K 3 FEa ik B M S Ha R,
RAGIEE AR, R R vE 2 BR 5 AR SR B, SR8 H (B iR E FE R 2. E—HRARAH
H 5 WEEWE SRRk B i & HE R, RG H E (StR) fmEm 22 5 R 50
1.5 BEREMNE

¥ — 80CARAF B AT HERE S BUH , ZE TR B9 BRSR Fp D A D A 38 RP AT 1. 5 ml Tris-BEKE(0. 0lmol -L ™", 0.25
mol-L ™' 4% 0. lmmol-L~'EDTA, pH 7.5) &M%, IS H AR L4, 10000 r-min B0 15 min, FIERN
B, &R ERAE DSR2k, /M S E B ER 2
1.5.1 #RPeH Kmi%Eems (GST) ME

$ Habig kAT " . —A GST 3& S 85 SR - 45 mg 2 AR, NRIEBER AL, LA 1-5-2,4- %
(CDNB) )%, 4 min i GSH Y& & T 1jwmol -L™",
1.5.2 EROD

M ES 3% Pohl"™ SRy HEL LTI EM A YN, KRS N 1.88 ml0. lmol-L ™" pH 7.8 BEERZE M
Wi310 pl 0.2 mmol-L™" B¢ BJEH(ERF) ;100 wl $FEW . YRS/ E Smin, SR /GHIA 10 pl 6 mmol -L™"f
%R (NADPH) |, Je i S7 BRFF46 (=5 HA N NADPH) 52 YR #6497 10 min J5, 40 0.5 ml FIERZR IE RV,
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AT A, F 560 nm & B 580 nm & FHEA I EHE & 5B E
1.5.4 GSH{lE

R Fi DINB @406k o RBRA Y 5 ml, RiEEHE B 0. 40 ml, BEFR4NZE pP (0. 10 mol-L7",
pH 8.0)4.55 ml,0.01 mol-L™" DTNB 0.05 ml, 7EJE 412 nm A0 E R EHEE, B GSH A ph it BAE &
GSH W& &,
1.6 ¥dEabs

HER A SPSS 12. 0 St AL E, 25 R A F3IME + ArifEiR 2 (Mean + SD) /R, ALEHLH 5 30 MR ZH 4504
BRI Y (ANOVA) BEAT LB ,p <0.05 9B EER( * ) ;p<0.01 AWMBEER( * %),
2 Z#R
2.1 FEBELXT,CPFX ERFHREUENR RN
2.1.1 K& CPFX ZE AR R HA T & 828k

CPFX HE AL RN LR B, R A AP IR UL o BRI AR b, 7228 1d /5 CPFX
FEf PRI A B IR, ZE UL LA P YRR B4 10K 42.19.10. 15 pg-kg™' o ZJa CPFX 7 A p It LAY o
H S BB, BRI 45 R , PUIERIILA o CPFX SB35 4.89.2.12 pg-kg™' (£ 1),

®1 FASKHEFANFEAREMET CPFX EREFRIFAALATHZREE
Table 1 Residues of CPFX in different tissue samples by different exposure ways (¥ +S,n=3)

. HRANY ENRER
HHHR R CPFX residual concentration(pg-kg™!)
Exposure pathways Samples
1 7 15 30 45

kiR R £} Muscle 10.15x£1.17 8.39+0.79 5.72+0.99 3.70 £0.45 2.121£0.31
Waterborne exposure

£ N B Visceral 42.19 +3.62 19.76 +1.86 16.37 £2.11 9.85+1.75 4.89 +£0.96
ﬁﬂ%ﬁ £} Muscle 72.891£10.93  42.3414.72 51.63+7.55 24.31 £5.38 7.12£1.95
Feeding exposure

£ N B Visceral 645.37 £32.62 271.57+£27.74  316.43 £20.34 62.18 £15.30 17.66 +4.88

A

iﬁ,niﬁ £} Muscle 43.43 +7.43 27.95 +4.08 21.11£3.24 11.26 £2.15 5.36 £0.93
Mixture exposure

£ N B Visceral 368.17 £30.82  99.41 +18.07 85.75 +6.30 34.01 £8.24 13.54 +3.29

2.1.2 {4 E CPFX 7Ef A R HA & 824k

TR 2770, CPFX 7R R P BE UL PY P 9 AR R AR AL AR -t ARAR L, R 4 R R OB bR . BRBR 1 d
J& PRI UL CPFX [R5 B 43 B Rtk 645.37.72.89 ng-kg™' o ZJ5 CPFX ZEA MR P JIE. JILPY B9 &
BRI, (B 15 d WA, 25 B TR, BB EwRe, WML+ CPFX & 8412 17. 66,
7.12 pg-kg™',
2.1.3 JKBEFIARHE A %42 CPFX R A RARN TR S 'EM

BAEBRHFRT B 1 REKAME I CPFX (R 58 &5 512 368. 17.43.43 pg-kg™', Jhif CPFX 7£
BARNEBWATIEE, 2 5 CPFX 726 (RN BE . LR o R AR , 2 7E IS5 R, AR RILPY b CPFX &
BIIHIR 13.54.5.36 pg-kg ™' o MRLMTAHTRA AR, 55 HEPBEMALPIXS CPFX (3R Rk
BUHF , CPFX W] ARG 400 T A R R, 3 B 259 & 875 7 5 R ik R bRtk Bl (8, 4R 5 Bl T R, 7
d G R R
2.2 AFERET AT 75 RE s m RN

CPFX 55 424 EROD fy&mi ILE 1,76 258 1 d Y, EROD JE 32 B0 A0, 176 B 58 41 EROD 75 i
HA 4.15 pmol -min~'mg ™" prot, 4 KX AN 27% . FHBEBRAMBERBASHBAARBEER (p <
0.01) , /KA RFE 4 EROD (& M Z B, (BRI AL BH BA B &2 (p >0. 05) ; FEH B 7 0 6] 19
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1< ,EROD {EHA B2, 5 7 XA 15 X, 5 Ry O RRER
EROD 7¢{7 B N & R 415 A Z S, 5 Jow Tl o

XTEEBEER(p<0.05), B304 5,3 HBEEY b5 Waterbome exposure  Mixture exposure
A5 F 44 EROD {F MR B REBERIK T, SXHHRA
T EEF(p>0.05),

TERPHA A RBAKIRS R 1d J5, GST 154
ZEFES, SMNRAFBEER (p <0.05) ,BREH
BEMRILEEZER(p>0.05), FERHEAER,H 7
KA 15 K, 3 Fréa 2 25 I N33 GST HE M,
#1530 d 5, R A e L RBL R B /G GST T
ARZRES (B 1), K ERBHMRE S RELH GST
E MBI RBATKF 45 d ZFRFS 2 R
XA EHAT R EER

GSH 4= Wik A —FhIEBHE M L B W R, 72
B 1 dJ5, 5434 GSH S EHA TR, BER Tk
RBUSL, AL S RAM LR ELES ., B
7d, 7EHREAN GSH 23T, MK RELAH GSH

EROD (pmol/min mg prot)

GST (U/mg prot)

AR 6778 mgeg™  HMIRATIS 1.3 5, A BE 2 i
%5 (p<0.05), RFE IS4, FHEMEN CSH TR 3 \
AT T, ERNRBEE S GSH 5 &% 39.57 = \
mg-g™, LAMBAIILIRY 67% ,THMAA SHEE \
BEXR, £30d 5, £0HHASHRABLEF (p > ‘
0.05), B} ] Time (d)
3 itig
TR RAZRBEMY, CPFX 728 1k & Bk B CPTX 545 B A R He

BRI R . o b X 25 R B T O 3 Fig. 1 | Effects of CPFX in diff'erent Texposure pathways upon the
PR MK B, 5 — H TR AR T e e
LIS . A VORI CPRX ZE VR R TR IR AR " o 2K AR BB KA A
RIS T U5, S B DR B A5 Kb MRS . ZE DR RIEAL TS , £
MR TN T KB CPRX 258, 95 FLRH A B Wi 5 h 415U iR AL LB B AR I
R AR A5 YT ARTR 24b Py, BUFTLE L YR L SU RN B, S0 T A o2 902
CPEX LI s L BB T PR 3B 15 CPEX A MBI ORI, ARk — R4 2592
e P ABE B AR B AR Hy WA 0. BRSU0'™, 55 CPFX L RSP sk A
I R 2 PEBERIE FEE PR L AR 1 L A00, B 24 CPRX WL PEREBUB R , 3 R R A
09, ELAE BRELAR i CPFX LM 1/3 ~ 1/2; ST BRI CPRX 7P 00 Vi AR B G, 2% B
ISR FEFRHRIRALSS 7 R HIH & Rk S A 9, CPFX 7245 P 7E 7R B B LB, 37T
B SULBIR ST RIEA %o AR T, CPPX 74 Rk LI 1R 8 0 L R KO 1, RUFF 46
A RAVRS SRR P MR T KR CPFX 21, P 56 P 0 B B o A Bk
FEERR B

S5pE L R BB D TS TRV R 2 32, 35—y T RO Wb B AL B AR .
HHLELR PASO B (CYPASO) BRI F BRI W — X SARRAE. (LA H7EL NIkEHEHE L8005
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5 YR N AR IR RS MNR MR BRI . RIS ZERISNERTS B RIERS P4S0 BERA X1,
Hth P450 B & CYP1AL fK#if¥ EROD FBETE MRS SHH] , 75 R ITH & b 31 55 15 e BB I REUN 4 W1AR
HEPERZ — BB A TREEEEME 7 CPFX AHRBMRARE 1d 5, CPFX £ EREH
£ AP E UL CPFX B3B8 873 BImiiA 645.37.72. 89 pg-kg™', Wit R & 4R 4T ¥ EROD 75 23| 8
M, B CRICEEE LSRN R TR Y TR Y B SR BB R CYPLA2 #1125, i T CPFX
B4 ] 22 b 0 3 70 A 0 AP EE r AR ek, DT S 25 40 76 2 WPk PO B T R 3R, TIT A s U TR 2 2 7 0 3L
YEXT CYP450 BN CYPLA2 WA SR, AR 7SS AR R E MBS 28 15d 2 W, EROD 3%
eI ZRMEER . [EAKRE S EROD E i S5xHRAM L, HARXRHPABHER, X TS KERE
CPFX YR FEFIXT AR 2o

GST A=Wk T 12 e i — A4S B T Bk 5 S R Ak 14k Oy 4 356 vl T B A R M ) OB , L
BETT IR A B BB B DA . TERE 7d 5, WA R GST FEME7E 3 MR R4 24 i AL T R
EIH I BB SIER, BRI A AN RN CPFX 38 A5 1d &, 3 DR RN E K 2 TR,
1B GST EHMAR T4 1 Ko M T EROD #84nxt R R T LB BURBIWI R, 5 & 40N GST 1 M
17 WA 5 T2 iR Bl . BPEE7EE I RRRE S 8 d(55 30 K, Muit CPFX 78 f f L By A P JiE 43 Bl
K 24.31 pg-kg T M 62.18 pg-kg™') ,FEABREL GST A TNERBHES,

GSH RAEWANEMET ELGR REREEN—MERY R, EBREDRNEEE, BEBART
iy - SH EF G RHREE/RA. CSH AEFMNAZLHRBEMPMRIHIMEER, EE 7 X5 XEHHAES
R, XSHLBIREXRTRYREBE T GSH MmN A K—", CSH A BAERBEMHBTHE, TR
BB CPFX 2REEMMIAE PASO BHER Tt T — 2 B B FHEN P =Y, KBHEET 4
Rl GSH & &, FEE 2B RBIER A CPFX YR B T 4, CPFX A B LIXTREEE F =4 T B Rm aT 8k
Xt GSH A BRI BE M= 55, S 3 GSH A B, S 8, 30d 5, MAlkpy CPFX RE FHE 2. 12 ~
17.66 pg-kg™',3 FRBEH R T AN GSH B S5HRAMLBERAZR,

4 Zip

FR%ZRE R0 CPFX AR EFEMKEAR RS ERE N BEW, EdAHA%2E R, 7
BN CPFX B BB T KRRE . 3 WARRBE 7T CPFX 78k py i LA b iR B ARk i AR,
EBRVPRBC A FER . FERBIEE K, CPFX Zefa N & BB 0T T R, 1878 P 1005 R B IR 4 4
7E CPFX 2B AU T, 5 & 540k EROD BHEMZ3H0H , 3 H 55 & 454/kKN CPFX RERBEM X, K
FRAZRE 0 EROD ZMH B A B, TS &4 GST BHEMHNIZ 3 CPFX Mi%S,3 HARRE
RIS GST WIS MRS | I ELF B0 it I S5 W 3, GSH &8 7E CPFX B WHI T W, Wa I iE 1, Har
BURAHESHM, ERBEYXEEREHKTE.
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