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residue limit) &K % 0.05 pg/g, A XBEBERF XA EHNNARTHAEGHE RV EPRATE
RBETHRAE ZNASGEHAKRGEER Y T 120d,
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The residue of Enrofloxacin and its elimination in cultivated
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ABSTRACT Turbots Scophthalmus mazximus (BW 300~400 g) were kept in experimental
tanks with aerated seawater at temperatures of 11~12 °C. The fish were fed enrofloxacin (EF)
medicated feed at a EF dosage of 30 mg/kg BW. per day for 7 consecutive days. Serum, muscle
and liver tissues were taken from five turbots at days 1, 2, 4, 8, 12, 16, 22, 28, 36, 44, 54,
64, 74, 84, 94 after the last oral administration of EF. The three tissues were tested by high
performance liquid chromatography (HPLC) with fluorescence detection, the minimum detec-

tion limit was 0. 01 pg/ml, average recovery was 75~87% . The results showed that elimina-
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tion of EF complied with the first-order kinetics, and the equations of elimination curve of enro-
floxacin in muscle, liver, serum were C = 1.560e %% %, C = 1.147¢ %% and C =
0.920e *%7'*, respectively. The elimination half-lives (T, elim B) were 22. 53, 36. 67, 25.57
d, respectively. It is suggested that a withdrawal time of more than 120 d at temperatures of 11
~12 °C is appropriate for the elimination of enrofloxacin and ciprofloxacin in turbot.
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MEE . EEEERFEEL FHE. BiEY E (Enrofloxacin,
EP)X&ZERFRRR . ZEFTY L, LELHRY: 1-HHE- ||
6--4-ER-1,4-ZF-7-(4-Z F-1-WRE ) -3- kR B , 5> F RN F COOH
CioHuFN, O, 4 FEMALE 1. R 3 Rk iBWA LY, L4
HUEGT PIER EARE KRR Z S HMBIEZ 20
To A% STt 245 1 B SURRAS A B 0 B/ NI B VR E MIC BRSS9 L 1E
RS EREL Y ZMETEBAK>FRENL . BEFHT
B, B TERZHEMAESE S, ZRFEAE RN YE AR E, EEFERIEAZH B, W LAY
TEBEIRBARWINGE, R AR EF=WFR R Y & (Ciprofloxacin, CIP) R B MEE 3£ T HHR/I K HEENR.
HEIEHNSCHET BiEY B/ A2 Wi 8 Oncorhynchus mykiss . K VG PEfE Salmo salar B8 Anguilla
japonica B Dicentrarchus labrax AR BEA B £ Sciaenops ocellatus F#E Cyprinus carpio SR N KR B1HE
B AXRBEVEEFRMAEHEANRE RHGEARARGRRBE. FRRFERRERORE, BiFY
BAEREFENNIREMERRE R BEEESENRSGH, v RARELEENE R TR ERFKIE.
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KZZBE Scophthalmus maximus (Linnaeus) i8R £, JF -
H,C/\/w
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Fig.1 Chemical structure of enrofloxacin

1.1 KB aMFEEENE
REAREFRAILKRERTES S FEET K E 350150 g, B /KR 11~12 C . EL&RLX.
1.2 BB SHA

.21 B

Agilent-1100 BB M AH 3540 G1321 A ZE bR 2% ; VAH fa il & FII B 4 88 50 p; PA/SA N HHB T
R ¥ ;Centrifuge 5804 R Eppendorf AG B H & R E.LOHL; XW-80A IRRIEH 28 KL512 AR A HEE
KL512 BRI #EAE R K A ; XHF-1 B4 #0885 SZ-93 B S EAUKHEMAH:0. 22 pm JBE.
1.2.2 #EANMBER

ZBE (BB ; B RE(BIEHAD B (DT80 s = Z R (G alD s & W Be (At i) ; IEC ke (54l ; Bk
YV EFRHER (SIGMA A 7], & >99. 9%) ; RV BAs M (SIGMA A8, #8& K TF 99.9%); ERBEVE
FE¥ T ETEAERARA, FB=98.5%) ; RiEVEMKRNY 2RSS REEE N 100 pg/ml,

1.3 FHix

1.3.1 HAfZEBPHELRE
REATHARBE 2% BB ENAH, RBEVAKEN L.5%, EARBHR, RKEL 1 K., B
30 mg/kg AAENFEEZLEBR 7L, RAERBLRIBEVEZYHN —RIEE . ERE—KEBEEMNSE 1.2,
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4.8.12.,16.,22,28,36.44.54.64.74.84 f1 94 R, HEREKRFHMME 3 ml LAY 10 g TR, BEF
—20 CKFPEMH. ZAEM ZRINLBEVENKRAVELYRE.
1.3.2 &i#4&4

B F &4 . 6548 Agilent TC-C18,4. 6 mmX 250 mm(i. d. ),5 pm; F 314 :0. 01 mol/L MIBSMBE B (= Z
MeE pH=3.0) : Z#E=280: 20(v/v);FiH: 1. 0 ml/min; Z LM . ¥ & KK 280 nm, XK 450 nm; &
35 C B R .20 pl,
1.3.3 HRa®

FH OB B B3 BT B & VR B BT R R (210 05) g PLAAA RS (1£0.01) g FFAEA
SRR, B 30 ml B BELEPMA 4 ml W& H 5,12 000 r/min I3 10 s, B 4 ml W _EH iFLkT
L, AHFFERBBRKS RS 2~3 min, # 1k 15 min /5,5 000 r/min &> 10 min, MTFEBEEK, &H. BEM4
ml P -EFREHFER IR, SHBKTERE, 7 40 CERKBLEHETASKT. REWA 1 ml sl
BREIRGEMA 1 ml ECLE, BT RBRED 0. 22 pm MBEE , AR B GIERE , i FEm R, RigmET
EMETEBBHEYESE. B(1X£0.01) ml fM &M, MA 2 ml 9 S F 5, mFERKLERENAA
SRS E T,
1.3.4 #HAIHBEXGHE

BB B9 ¥k BE R 10. 00.5. 00.2. 00, 1. 00,0. 50,0. 10,0. 05 F1 0. 01 pg/ml BiEY EMARNY B WiR R
BRI R IR B B e 1. 3. 2 /e T EEEHEAT HPLC I E . B YR EEREBE (AW 1 ml 4B A 3 #p
HHEART 1. 3. 3 AR HTE , IEE R R LAR, WK E AR ABIR MR ML, 251K E 3 HAAEKA
B EE T BRI RE.
1.3.5 ®EsRE

SLISTBH, — AR E A 0. 2.0.5 1 1. 0 pg/ml 3 MK BBV EMF R ERETHERS 1 ml, 2
FUMAMBA JFEMLE 3 HEAHAR . BIMFRABANEE WEEBRTFHE., B—HIIREEB. HES
4b 37 AL HR IS $E4T HPLC JU € , i A KT H B 4% B .

B] e 38 (06) = (AL BTN A5 HE AL & 1 00 5 1B/ 4 Y 2 VR A9 30 78 1) <100 %6

1.3.6 F#HEE

A [R) ¥ BE (0. 05.,0. 10,0. 20,0. 50 1 1. 00 pg/mD Bi& Y BARAEW, A 3 s AHS P, AR HE Y
A, AN EREREST L dASRNEE I S WHZESZHARES dWE, T8 4 e B K w5 i B
BRERC VMR EHEREAKCC. V), UkEREB T ENETE.

2 ERESWH

2.1 REDENRADEAYHNSESEN

2 B EMARY EERERRP NS
BAEE, T RAMAYE LA HPLC £ 4TH&
AW LER T 0.01 pg/ml,

2.2 BEDEMFRIVENRETERS

BB L 3.4 FRRAMA, 2H R TAEML DA j e J
3, BEVEMARY EFrdE i 27 0. 01~10. 00 ; i 6 8 10
pe/ml WE R IEX R RIF. WA SAR 0 W1 (min)
WEZRFEREENHAKAMITAR(P<0.01), B2 EFAMCIPEREN 2 pg/ml MIRERB TSR EE
MA 3 FARAFHIREERRALEE S EER®E Fig. 2 HPLC Chromatogram showing the separation of EF
15.%% 2] E‘JEIUH?:‘E%ME%%\& riE1 E 2, and CIP in the 2 pg/ml standard solution
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14 000

2.3 [E¥E 12000[ igp
BEE 1. 3.5 BOOT ok, WSS B8 5 R 38 ‘sooo]
WE3. BWYELEME 0.2 M 0.5 pg/ml ¥ & § 6000t
BRI EMERTF 1.0 ug/ml % B &9 5 BR, fF €< 4000
RE £ S 2% [5] Wi 3R K T i 38 0 L B 9 S 4 1] e 20007

—

R, WHERDEEY RN BIWERE 75.39% 0 2 4 6 8 1o
P rERE BOREE ( pg/ml)

~87. 1% 2zE. FERUVEEFES P E UK Concentration of standard solution

RRETREYE, FYRKRE 73.06% ~ B 3 EF #CIP WinE T/

79. 77% Z 8], Fig. 3 Standard curves of EF and CIP
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Table 1 Regression equations and correlation coefficients of EF in three tissues

#HA EY4 58 Y=A+Bz HERKR BlSE & BN 5 B
Tissue Regression equation Correlation Precision

¥R ¥R W Standard solution Y=672.06z—4. 786 5 1.000 0 13.41

AA Muscle Y=402. 46x+91. 229 0.996 7 20. 89

FFAE Liver Y=557.46x+1.089 8 0.997 1 20.11

I & Serum Y=289.178z+7.784 1 0.999 0 2.53

.Y HEEEE;X R E

£2 CIPESRERATHNREHETEEHEXRY

Table 2 Regression equations and correlation coefficients of CIP in three tissues

HA EH 5% Y=A+Bx HXRHER [E] V5 4% B 4R R BEE
Tissue Regression equation Correlation Precision
PRYETS W Standard solution Y=349.96x—7.794 2 1.000 0 7.26
BB Muscle Y=66.408x+13. 052 1.000 0 0.13
FFHE Liver Y=173.63z+3.708 2 1.000 0 0.53
7 Serum Y=281.056x—14. 348 0.999 0 3.07

H.Y AEER; X EE
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Table 3 Recovery of EF and CIP in muscle,serum and liver

o ﬁ‘ﬁﬁ?&%ﬁﬁ ER‘E($(%) ;Fﬂ@'&$(%)
Tieme Concentration of covery verage recovery
standard solution EF CIP EF cIp
0.2 73.38 85.52 75.39 73.06
HLE Muscle 0.5 81.97 70. 34
1.0 70. 81 63. 33
0.2 94. 60 85. 60 87. 41 77.78
FFRE Liver 0.5 86.42 76. 48
1.0 81. 20 71.25
0.2 90. 66 82.76 81. 27 79.77
[ 7% Serum 0.5 79.38 81.33

1.0 73.77 75.23
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2.4 FEHREEE

BEERARGRZTENFE—YERERNEZNEMBHNEEEREIRE, R FEaRNEEE. X
4 B HFREENEFBRENEEE, TUEH NN HAEZ MR T, W H B8R FHER. &
FHERNGBEYEMARNY B S HARTHERE, HAZRARBI<IN, HAZRRHEH<I0%.,

*4 EFMCIPENA MBEMFRE 3 MALARNTEREED
Table 4 Precision of EF and CIP test in muscle,serum and liver(C. VESR) (%)

HEE ne AT RE 1 &
Precision Muscle - Liver Serum
EF 0.51+0.06 0.85+0.13 0.3410.01
B M3 % B Within-day precision
CIP 0.73+0.11 0.78+£0. 26 0.2940.12
EF 7.161+0.17 5.3740.31 1. 58+0. 09
H [ ¥& % & Between-day precision
CIP 7.29+1.31 4.49+0.79 2.0140.43

2.5 KESENNGYER

5 HEERG R RMER, REFENFRNHEARTBIEYERFRYRORERL, T RAREEABT
Fe. B 4 f0E 508 Binyh B XA W N Y B2 RS EFLA TR 05 BT BR i 22, W BR B R B8 07
BHAXABMEREEHIE G,
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Fig.4 The concentration-time curves of Fig.5 The concentration-time curve of
EF in three tissues CIP in three tissues

MWE AT E B, BIEYEEFIHERDIAS 8 R, RFEMREMEBRER . FFEPRIZ5 Yo%k E B LA
M 2 YR BEAR 7258 8 R, LA P25 W) ¥R BEJF S8 MK T L7 , (L TAFRE. 28 44 X&F,3 AR HH
25 Yy e B R BB K, LB | I v A0 AT BB 4> B 4 0. 215,0. 480 1 0. 275 pg/g, MR ERP B TR, YK
iF (8] &b T BE 7K F , 4331 2% 0. 168.0. 136 1 0. 072 pg/g.

M 5 T LUE i, IFRE R 3R v Bk B UL AN v, 2158 8 RAT, 3 MALRERBRFRE TR, H
TR, EF 44 REFESEYWRE LT EF, BE 74 RXTREBIEZATHAF.

2.6 BigESHALEZBMNER
FHl SPSS11.5 #ff4bsz 5 FEEVENAHYENEE LR, EHERE 7.
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£S5 XEWZALATE EF fCIP
Table 5 Concentration of EF and CIP in three tissues (pg/g)X+SE

Biv HADE
By & (d) Enrofloxacin Ciprofloxacin
Time BB FFiEE i WLES B i
Muscle Liver Serum Muscle Liver Serum
1 17.78+£1.815 13.1640. 985 13.33%1.025 0. 805+0. 100 2.01510.425 0.16510.015
2 13. 6210. 265 6.185%1.155 8.945240. 475 0.52510. 050 1.275+0. 325 0.110%0. 010
4 7.715%0. 615 2.92540, 245 6.47540. 375 0.53040.030 0. 45010, 040 0.080+0. 001
8 2.340=0. 340 0.725%0, 045 3.190%0. 360 0.170%0.020 0.16010. 010 0.021%0.003
12 1.865+0.195 0.930%£0,010 2.25040. 240 0.17540. 005 0.17530. 005 ND
16 1. 04510, 005 0.430%£0.030 1. 770+0. 040 0.075+0. 001 0.08510. 005 ND
22 0.91540. 025 0.45040. 090 1. 985+40. 045 0.048+0. 003 0.120%£0.030 - ND
28 0. 77510, 005 0.37010.004 1.775£0.095 0.04940. 001 0.085+0. 005 ND
36 0.50510, 035 0.200%0.010 0. 5804:0. 030 0.025+0.015 0.04510. 005 ND
44 0. 21510, 005 0.27510.015 0. 4804-0. 030 0.028+0.003 0.055-0. 005 ND
54 0. 34510, 015 0.66510.045 0.405+0.015 ND 0.085+0. 005 ND
64 0.18040.010 0.20510. 065 0.405+0. 054 ND 0.07530. 005 ND
74 0.183+0.013 0.0874:0.003 0.2554+0. 035 ND 0.03230. 005 ND
84 0.138+0. 003 0.08940.017 0.208+0. 027 ND 0.0222+0. 005 ND
94 0.16840. 003 0.072%0.010 0.13640.030 ND 0.03110. 003 ND
£6 EFMCIPEEHAANBYNERMNBZFTERSY
Table 6 Equation of elimination curve and parameters of EF and CIP in tissues
szfx:{es Equatiofﬁiﬁzﬁn curve r B/ T (D
EF i Serum C=1.147¢70-0189+ 0.965 9 0.018 9 36. 667
EF JFBk Liver C=0,920¢=0-0271¢ 0.932 6 0.027 1 25,572
EF JLP§ Muscle C=1.560e0-031 0+ 0.951 9 0.0310 22. 355
CF JF B Liver C=0.185¢ 00307+ 0.937 5 0.030 7 22.573
CF MLP3 Muscle C=0.521¢ 0106 2¢ 0.962 4 0.106 2 6. 525
®7 ARALHFEF5CIP ZENEEERAEBHEXXR
Table 7 The regression equation and correlation of EF and CIP in muscle,serum and liver
HA I 5 05 2 HMXAEAER B
Tissue Regression equation Correlation Precision
WL Muscle Y=0.044X+0.021 0.968 0.06
JFRE Liver Y=0.159X+0.030 0. 990 0.08
1f13# Serum Y=0.013X+0. 011 0.982 0.01

WY b CIP ¥ B X 4 EF ¥k BE

3 &ig

3.1 BRWEEFEXEFEANKREH~Y

HEERRN, BiEY B ERENS AR R4 LURS WX, 5 RE RN AP TR E
BEVEHRHETYARNDE, BEEAATRUIMN S BYRK. REBFCOOESEEF A KEBSF
(2007) 7 H A B P BB B RV ERRRBWT YRR E, BNA MFEMFEPHARDESRESBE
VEARABIFHNEAEXRR. 2 RR . HATRRVESESHINUES BT ERBEFNELEPXRPL
0.0, EBIMERBAMELNRE, MKEZFCODEAEABHIATHARNVESRIEVESRAS
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—EMHREFXER r=0.91), X TREVEEEYWERNELAIRAY 2P, Vaccaro % (2003) 8 1
AN RS R R LB, IESE TN RAE PASO AR PR Z R BHIER . BZEERIFTHFDE.
ARREREZEFAABUIIREKHNARVESE A KEFARCE PASOMEAPLAEAHRZEEEHE.A
R,

3.2 R EEXREREARANHHBRAE

RERH,BHEDEMFRNDEMNREEREFEANEFAENER. NE 4 MBS P FEH, FREFR
BHEVEHYRERINAMOEFNE EFRYEEFBASNTHEREARE, . XA EHTHEREREYE
MEEABAS. BEFEXNREDEARE IR . MEFEMFE=5PNAYRERERESL,3 AR
PRIBEVEEESEEKN 16 d WIHBRERE, 5KEXF 20077 H 88 9 mg/keg LB BV EABEHFRF
TdRARERMER. FH 16 dE5,. RBEVENEREERZRHES  AZXROMALEE 1 RUEIKRFHI
PRARATBEDEMKERONBEREN 1ELZ,MH 4 KPR EREBS MEPEERE, XL RS Dario %
QOO INNITHIAMAFHRTRFEVEREAREST TORPHEREAL. XHAHARMTEERTHER
HAAFMABRCGEZHE TOHRAEANAA TG ERBERN  RERE TEERLARZSETEHY
FHFREER. KEFLZRAWEE 8 RMER (0 BIE Y B ALK BRI K - 07 > Lo >, & 84506
3.19.2.34 f1 0.725 pg/g. BV EAERZFENNWHLB BRI KIE,. 5 8 RN BHEVWESEINA>T
HE>E,8 RESANME>NA>FE. BHRVENXMENFERS TR SEHAHABRENEZME
AR,

36 RRBHEBRBRET IR, BRYERKNPL FHREEKTE RBEFEE. MEBEDENRE,
KRRV EMKERZ L, ARV BRI FE>PA>0E. 55 3C4a%(2007) 76 BR ) 48 & 4 5
FRVEREIAMEE. 5 12X, AFPERUABARPE MRS ESE 4 REUFHXRFYE,
HIFREFRFRRLESEN 0.031 pe/e, RFXAERHKER,

REEAKNKNBEY R, — 8 B2 Y 7 B 603 & WG , i I bR E KRR R EAR . LA
HLORETL AFREREZFNEETKERN 10~17 C,BHEVEMARNE NS X 15~30 mg/kg B. W. , ELEH
We25 3~5 d. MARKRKEBKA1I~12 C),BHEVENESX 30 mg/kg B.W. ,ELAH 7 d, 5475
FRAEREL HBERK. ERENKBAGT . BHEVENREERALATREKE. BLEARSHEN
BB, LR A AP AE AR P AR B 2 510 0. 168.0. 136 1 0. 072 pg/g. Dario % (2004)FERE H 13.3
CHAKPBFI L, 10 mg/keg B.W. EXBIEVRAEFESR S A, ER/HEHE 59 Rut, YLA &5 b iy B
VEFENO.1 pg/g. REZFQOODHRBIEY EA B ABHENNEE, ARG HE, RNETF 120
d. AEMBEEXNFAMAYHRBEEER., FRRAGT . AFKERRE.GEER REVEANARH
HERLEHRH 22. 355 ;3 54 T EHRNAYESRHER THITE . BE—KAHEME 120 R, AYHEKRE
HBITh, BTFRAFRBAKFHNEHAREREER MHANE S ORGP AR LT 120 d,
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