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Withdrawal Time of Enrofloxacin in Oliver Flounder
(Paralichthys olivaceus) after Oral Administration

Poong Ho KiM*, Hee Jung LEE, Mi Ra Jo, Tae Seek LEE and Jin Hwan HA'
Food Sanitation Research Team, National Fisheries Research and Development Institute,
Busan 619-902, Korea
'Department of Food Science and Engineering, Cheju National University, Cheju 690-756, Korea

Enrofloxacin (ENRO) is one of the most commonly used fluoroquinolones for treating bacterial disease
in olive flounder (Paralichthys olivaceus) farming, but its withdrawal time for industrial-scale farming has
not been well established. Withdrawal times of ENRO following oral administration were evaluated in
olive flounder under field conditions. Fish were held in an inland fish tank and fed a commercial mediated
diet containing 5 mg/kg of ENRO for 9 days. Seven fish per sampling point were examined during and
after treatment. ENRO and its major metabolite, ciprofloxacin (CIP), were analyzed using high-performance
liquid chromatography with a fluorescence detector. The concentration of ENRO and CIP in muscle increased
during the medication period, and then decreased rapidly. The sum of ENRO and CIP concentration in
olive flounder peaked on day 6, with a maximal concentration in muscle of 4.30 mg/kg. ENRO residues
were eliminated rapidly; at 10 days post treatment, the level in muscle was 0.10 mg/kg, but it took about
50 days to be reduced to below 0.1 mg/kg. After 60 days, the residual concentration was below 0.1 mg/kg
in all samples. The level of ENRO accumulation at the beginning of oral administration was variable,
according to the farming conditions, but the overall exhaustion time was almost the same. We concluded
that an adequate withdrawal period of enrofloxacin is 60 days in the case of oral administration.
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1996).
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Campylobacterd; ¥0) AEE T 5 FAE U &9 FHF=E
A7k oA Aol EAIZE Hol wlF, 74, 4B oA S
A3etal 9l= HA o] (Herikstad et al., 1997; Smith et al.,
1999; Horie et al., 1993). EU%| A= danofloxacin, enrofloxacin,
difloxacin, marbofloxacin % sarafloxacin 52| fluoloquinolone
AL FaA7E FE2E22 F7lHo o, AlEC] A
AFHHA =Y 98l E 2S5 A7) W&o 53] enrofloxacin
7} ciprofloxacin®] WW3NA = ol F B FEQ =559 Y
75 &-2(MRL)S 100 pg/kg .2 AAE o] AUTHEMEA,
2002).
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Az FHE 38t FH(Kim et al, 2002; Lewbart, 1997,
Bowser et al, 1992). &1} 21F sk S oA o)x) &
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Z22A587 IA 22 Nagao et al. (1998)9] WS
AR 3t o3 2ol FAsIAH. A% 5g& FshA
phosphoric acid$} acetonitrile &3 o] 54 & 40mLE
7}8te] &2 Avto] A (Polytron PT 3000, Swizwland)® 2%7F
TAZA AT o] TEAS AATOT &A 80T =&
oA 1083 THOoZ 7Hdste] gk 5,000 rpmo A
105-7F 941 E-2](Supra 21K, Hanil, Korea)dt St} 4452
50mL B HAFEZ £ hexane S0 mLE 718l 283 &5
oM 1 FNFEN)E F35+] n-propanol 10 mLS %
40T A FEALERO] g wWi7hA] ZHbES(EYELA, model
N-2NW, Japan)3}$dth o] AREL |54 2.5 mLE 754

Z53) &8]A)12] T2 0.2 #m S| (PTFE, Millipore, USA)
2 Aok

FluoruguinoloneX| &HiA| EAxA

o] §F AZZEA I AZZZ2 AL AL g3y
%717} &35 HPLC (Shiseido nanospace, Japan)Z ¥-213}%]
t}. o] FAHS 0.1 M phosphoric acid (pH 2.5)%} acetonitrileS
91:90] H]-& 2 %3 Ao LE 5mLe] THF (Tetrahydro-
furan, Sigma, USA)E F713Idch £4ZHL CI8 column
(Shiseido UG 120, 250x4.6 mm i.d.) Z-8 3} FBHZ7](Ex
280 nm, Em 450 nm)E AHE-3}ATE Column 2%& 30CE
nAetd e, AFE 20 uLE FY3t] 5087 EAEAT

E AT B3 TR =g FFAY EAYe
AZEZAR] G A ZZEZA ] 3582 993-103.5% 2
94.7-100.0%2] M 92w, AE3A = 0.001 mgkg, B
AE 0002 mgkg o 2 FAHEE B4sl=t] ol A 4

[¢]
b9 (p<0.05)3 47 Feo]
of7|17bell WA= AEF TS SAS TERIOYO R
Al (analysis of variance table:ANOVA table)E 443}
o] Duncan®] TEH$ A (Duncan's multiple range test).
2 p<0.05911 A9 FelHE AAH O, FFrTr
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He BXAE0], Ao, g 2098-& AwET Utk
(KAHPA, 2001). T3t §=3H59)| ZHRete oFF& H7HE we
AEHAE 7 dAEo] EAT B¢ 1 tiER X3
A Brkste Aol A§Hs] 7] Wil 2 gx|o] Fod A=
ZE2AL0 M E AR AAM e A Z2EFAL
2o ARFE Fotod FrE BASA
ARE2ALY FopIZ THE % 1% AEe Ay
Tl A3 T AT Aol oA SERE 98
2R £ Fs7)ol FRSAT AFole A5 83
2ol Al do] gl AR WAE 20005 FA3HS
IRE7E SXAZ 3 Aol ARSIt A E 713 B9t AMS
3 Agole HTFAE 45841774 g, A 34.6+2.1 cm
o)lom, A 7|7t F & 164-238CTE ¥ Fo &
o] A&AH o7 s Al7IFeH, AFFEARE FF 100
A7hA 109Y3F F3tAch AFFold et YA <%
AZEZARN I A ZZEZEAPN S FA o] Frlste] Fof
9o At 2.3 mgkgZtA ZHHU O, FFFE 3U7A
0.79+0.69 mgkgs FAIBIAO Y, FF 104 Fol= 0.09+
0.12 mghkg A=A FE3M HZaste 2FS Jepildoh
o]% oAlle] AR ZEA E AZZEEAA Y BFHFS

o} hkslAl Adte] FeF 504 o] Fd = 0.1 mgkg 3R
ZadhA] e AR FAHAA T, FF 60 o] F-of HA
AlZAAM 0.1 mg/kgS 2H3t] AEH AEE ST 19
U FoF 1009 Foll= &3] AEEA 231 001 mgkg =
o] S| A2EFAAC) AEHe A&7 EA=HAG
(Table 1).

ANEZZAL2 Y] FE717F FHE 9% 23 AL A
g o] AME R 2ol A
37191 89 KE NE7HA] SRk en, 1 ARE Fig
VER R, ATEES 28 10Y o]F 9 o W FFFS
st} BAISHACE Aldoie & FalojFel A AW o]Ho]
e F2 GAE AgGsted &3 §lo] vz ARl AH8-3HA
k. A @77 Bot AFESE AR ol AF 440.0+84.7 g, A G
32.6x£1.9cmoloH, &2 717 F F-2 20.7-250CHL
o, ATFESRE FoF 10097bA] 10987 S sHch

12 Adate g8 sarlol % 23 AlgellM e BTE
oo e} AZEFZAM P A ZZEZA]Y 23 w571
FoF 6d o= HUFZ7} 430 mgkgRE 13 Al E o] H]3}]
28] A #e AR RN, FoF 9U9Ate) 3.96 mgke
° 2 AFego] ATFEA Fo= 7HreHe A Jehick

Table 1. Enrofloxacin and its metabolite, ciprofloxacin depletion in muscle from oliver flounder (Paralichthys olivaceus)

1st exam. concentration (mg/kg)

2nd exam. concentration (mg/kg)

day

ENRO CIP ENRO+CIP ENRO CIP ENRO+CIP

Before feeding ND* ND ND°** ND ND ND®

Feeding 3-d ND-1.42 ND-0.13 0.23+0.58™ 0.01-2.96 ND-0.21 1.45¢1.19°

(0.003)*** (0.00) (1.50) (0.15)

Feeding 6-d 0.01-1.64 ND-0.42 1.22+0.89° 0.07-4.22 ND-0.33 2.67+1.40°
(1.43) (0.15) (2.93) (0.29)

Feeding 9-d 0.01-1.64 ND-0.69 0.99+1.12%° 0.09-3.68 ND-0.30 2.07+1.53°
(0.25) (0.03) (1.71) (0.18)

Depletion 3-d 0.02-1.25 ND-0.61 0.79+0.69%° ND-1.98 ND-0.30 2.07+1.53°
(0.35) (0.06) (1.31) (0.21)

Depletion 6-d 0.01-0.79 ND-0.23 0.45+0.43% 0.14-0.28 0.02-0.05 1.3620.97°
(0.52) (0.116) (0.24) (0.04)

Depletion 10-d 0.00-0.28 ND-0.04 0.0940.12° 0.00-0.24 ND-0.02 0.26+0.06°
(0.03) (0.01) (0.16) (0.02)

Depletion 15-d ND-0.51 ND-0.06 0.1920.22° 0.00-0.11 ND-0.01 0.14%0.10°
(0.08) (0.01) (0.08) (0.01)

Depletion 20-d 0.01-0.11 ND-0.01 0.0520.05° 0.08-0.14 ND-0.01 0.06£0.05°
(0.01) (0.00) (0.103) (0.00)

Depletion 25-d ND-0.12 ND-0.01 0.0620.05° 0.05-0.08 ND 0.04£0.05°
(0.07) (0.00) (0.06)

Depletion 30-d 0.02-0.12 ND 0.0820.04° 0.02-0.06 ND 0.1120.02°
(0.09) (0.05)

Depletion 40-d 0.03-0.20 0.02-0.05 0.17+0.06° 0.02-0.05 ND 0.06+0.01°
0.17) (0.02) (0.03)

Depletion 50-d 0.01-0.10 ND 0.0520.04° 0.01-0.03 ND 0.05%0.01°
(0.07) (0.02)

Depletion 60-d 0.01-0.10 ND 0.0640.04° ND-0.02 ND 0.03%0.01°
(0.06) (0.01) :

Depletion 80-d 0.02-0.04 ND 0.0320.01° ND-0.03 ND 0.02+0.01°
(0.03) (0.01)

Depletion 100-d ND-0.03 ND 0.0120.01° ND-0.01 ND 0.01£0.01°
(0.01) (0.00)

*Not detected, **Correlation is significance at the 0.05 level, **Median of detection concentration.
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Fig. 1. Withdrawal time of the sum of the enrofloxacin and ciprofloxacin from muscle of olive flounder (Paralichthys

olivaceus) treated with enrofloxacin.

ol o] We o Hlgle] o] ¥ s}A7d o F
o] ARNALZE ATl whel Ho] B Al AdFH Fol
FolA AW FH o] Frlste Aoz FAHAHJUG. A,
BTEA o5 olAueNe FTAY FHA HEE 13}
AEH AR 724 AFS el o] oMY o) 2 F9)
Rle] Fadhe SEv HlET AR FIHAG BTE
o & 104371 FASA #Ahsle FoF 208 o] F
0.06:0.05 mghkge] ZHF#HE e oAF AR/ L&
= 0.1 mg/kg ©)3tE ZHAE Al7E 309 o]EQo}, FoF
80U e] A= Fol= 0.02+0.01 mgkg?] FHFFS Jeho]
12 A3 vp7IA 2 A2 EZALNL 443 AEEA ¢
= AL Z Yl ti(Table 1). Tyrepenou et al. (2003)2 &0
Al %ol we} sarafloxacinS A FF 39-5 ) 25Tl A
ATEAe 97 18T 2o & S8 FS eI,
HAEE £5+ vlsdtgotr Radal 9lem, Lucchetti
(2004) 5-& RN £0jd) AR EZAIAE AT T39S
d 60U AE Xt Fof] ZHF9 AZEZAM ZFHo
0.1 mgkg °l3tE Z43hs A9E Hausled B e} v)4=3
A% YERRITH

upeba] £ Aol ol ARFEALE YA AT kgT
Smge ATEY HE W AA AlFZANAM 0.1 mgkeS 23
st AMlE7E JE AEHA & AFAA dH EA
S 60dol 7 HAg Fokrzielgtn ddET
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Fig. 2. Concentration-time curve of the sum of the en-

rofloxacin and its metabolite, ciprofloxacin, in muscle from

olver flounder (Paralichthys olivaceus) after oral adminstra-
tion.
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A AL
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v Aol 93] =3 = AFH THRP-2006-FS-002).
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