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The distribution of fluoroquinolones was investigated in the carp (Cyprinus carpio) and eel (Anguilla japonica)
after an oral dose of 20 mg/kg-body weight/day for 35 days. Blood samples were collected at 5 and 10
hours and 1, 2, 3, 5, 7, 9, 13, 20, 30, and 35 days after treatment. The fluoroquinolone concentrations
were determined high- performance liquid chromatography with an ultraviolet detector. The recovery rates
of fluoroquinolones in the fish samples ranged from 91.4-96.6, 91.2-96.5, and 90.4-98.6% for concentrations
of 0.1, 0.5, and 1.0 pg/g, respectively. In the blood of carp, ciprofloxacin, enrofloxacin, norfloxacin, and
sarafloxacin reached maximums level of 11.03, 9.37, 9.10, and 9.81 pg/g 10 hours, 1 day, 10 hours,

and 10 hours after treatment, respectively. In the eel blood, these reached maximum levels of

12.65,

11.18, 11.91, and 8.74 pg/g all at 10 hours. Carp sample concentrations of ciprofloxacin, enrofloxacin,
norfloxacin, and sarafloxacin were not measurable 20, 30, 20, and 20 days after treatment, respectively,
in all experiments (<LOQ); limit of quantitation). Eel sample concentrations of ciprofloxacin, enrofloxacin,
norfloxacin, and sarafloxacin were not measurable 20, 35, 30, and 20 days after treatment, respectively,

in all experiments (<LOQ).
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Fluoroquinolone |4 &Y A= DAN gyrase (topoisomerase
m % topoisomerase [V 25 A A3e] DNA A S A alE
O 2 et AE-S e, IS WYk ofel ek
33, Mycoplasma & 5ol o] 27]7}%] FH 3 7285
YER L A F57F M2 G S 7 AL 9ol A Absrelut
TEO M WA B Bo] ARgH o] Skl (Chevalier et
al., 1981; Kasuga et al., 1984).

-2 o] F44] Akdel = 19801t 2ol fluoroquinolone
A FAAAE AS =Y o] F 1 AREFo] HAF F7FsH
HAL, o FARA R T8 FAEAE dFE AT =5
fluoroquinolone 7l A A 2] 7§~ 7]=2] quinoloneZ] & X th
of o] AyA gl v gypAolw, ZF Mlgtol ek HAa
5 A 5 E% 7] quinolone Al @ H T Hold A S U

EF It} (Markwardt and Klontz, 1982; Heo et al., 1992;
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Treves-Brown, 2000). 221} #E°] quinolone] &Y A
Ay Salmonella <4+ 2 Campylobacter %-10] A&+ 5 FAF
B Ul A AFE Qlste] oAl Wi, kA B FEAdel
LA 7Y ¥o] w=, EU, ¥ FolA 1AE Aststa ok
(Herikstad et al., 1997; Smith et al., 1999).

ool UL FEE ooREo = TS fluoroquinolone
Al FAA o ko] 2008 7€ 1DFH FAPH A 763 H
857l °]A3te] = A TUFA 2AH| AFow
di7F SAE AL, AF ] FERRPAA ANAM = o) 2 1R
of tjslo] 77318752 E enrofloxacin®} ciprofloxacin 3
A2 0.1 mgkg} ofloxacin, pefloxacin, norfloxacin< ~2F&<ll
skl EHERE A Eo] Aestar vk (AF o oFEehd
ILA] 2008-51%). ©]+ fluoroquinolone |l A3 =71 20081 74
1Y o] H7EA] dujE AFel dsto] {Fa7|7FA] AFEE
4 A7) WE AA AFEE AL 9 fluoroquinolone Al A A|
o giste] A&H o2 e E o & 8ol Urt wEhA
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2 AFdAE AT e Jolek WiFgofol diste] Almd
fluoroquinoloe 7] &AA| 4% (ciprofloxacin, enrofloxacin,
norfloxacin, sarafloxacin)S 242 440 Z+A] 453k & A
W AREFs dAHo R gotgtory AR g8 <l
W E AT AN B VAR E AT BHoE 3

ST,
Az

AleF B 717]

FAE 02 ALE8E = ¥FEES ciprofloxacine AL A S
()1 A norfloxacin, enrofloxacin, sarafloxacin< 4] 7] =
AFA0(F)ZFE AL HPLCE acetonitrile, methanol
4 FHT T S9FE MerckAl (Germany)E AF&-3F31 oM,
18] AR ARRE BE AoRe 5 F2 E48 ol
A8} T}, Centrifuge (Hanil, Korea), plastic syringe (1 mL,
No. 39. Dong-Shin Co., Ltd, Korea)= Al 542 2] Ao A&
3}$1 31, chromatography system-<- pump (Agilent 1100 series,
USA), autosampler (Agilent 1100, USA), DAD (diode array
detector, Agilent 1100 series, USA), column (C18, 250x4.6 mm
i.d., Shiseido, Japan) 52 A}&3} ).

ofefFol 3 AR AHF

Aol A8 o FfFE IHELY FAXEE 2 Ho] gl
71733k @Jo] (Carp, Cyprinus carpio, 400+50 g)2} W74o] (Eel,
Anguilla japonica, 250£30 g)& 27 Y 4= (XE 150 cm
x 30] 75 ecm)oll FolA ARg-siTh AR ole s~7rhE| A &
FAE 9L, o5 8] ffste] A=enE ZebA 2at
= EASIL o] 1097 FAAen, 47 dde AR
2 ol ghglul.

o Foll Al AF-Folg FAA E3AtnE ARk AlRE
72 e B @ WS v A5 20 mgkgb.w.
£ AAbste] 1 Sl Ytk Tl 8% A3k A
ZF (WA EAT L (), Korea)} o]n] HiE o7 &5F
(Nouws et al., 1988; Bowser et al., 1992; Park et al., 1996;
Ho et al., 1999)2 s thl AAAFH 5~10 mg/ke:
bw.& FoIalqltt. a2 Ao A= AA 2ol A9
ol gk Zekete] ghol A mad SnTh 29 AR e
20 mgkgbw. = A3} IL, TR0l AR 20CA Bakst
gom, A5 olulel Atgaheitt.

AR AFPEE AGFE Qi 7 Aol Ao Fo
wA AR 3 A EFAEE AAF R $7hA] do]
e oy v ¥R S5 EsflieAe] of F-of ntE
ol A Zeluk=A] ikt o] Bl wizolol 13] A7+
Fojaiglon dizae dvRIEE AFEete] 9l9f 22 iy
0% A AFTASh

Ael YA L AT PP seksh] Astel
o] = migojoll A AZPER 57 mhE]¥ H 300~500 WL
AF st FEo dF 7F % ¥StE HPLCE 4319l
Aol Aol A (0A1FhI B F 521, 10417,

N
245

ot

IEHTS

Ho
ol

o]

19, 29, 39, 594, 79, 99, 139, 209, 309, 357
A3 AFH T AL 10,000 pmoll A 527 LA E a5}
I A=S FHske] 80 Co H#AsHT

REES % o5 24

1=

Fluoroquinolone”] &+ &2 H®FF  (ciprofloxacin,

norfloxacin, enrofloxacin & sarafloxacin)2 °F 100 mgE 4
8] ol 2k7} 100 mL &% Eek~=0 ¥al 01 N FAshE

07 =9 & methanolS 713}l 1000 ug/mL F==
o] LEYN (stock solution) 2 3} TE HEUNL
T W Basiols W oF 3 YR Hgsisith

Working solution> 50 mL X9 NES Algto]| 3
methanolS 71814 100 mL (500 ppm)E 9+ T, ©] 8945
ol5do H48grh

FluoroquinoloneZl FAEHLE w|sl7] 913k o] 24
2 Posyniak et al. (1999) % Figosos et al. (2000)2] W
A5 WM& 0.1 M phosphoric acid (pH 2.5)%} acetonitrileS-
85 : 159 W& &2 ZA|st o, S 42 278 nm, column
2L 35Ce Aoz AU (Table 1).
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Table 1. HPLC conditions for
determination in carp and eel

4 fluoroquinolones

Item Analysis condition
HPLC system Agilent 1100 series

Mobile phase 0.1 M phosphoric acid: Acetonitrile= 85:15 (pH 2.5)
Detector DAD (Diode array detector, UV 278 nm)
Column Shiseido UG 120 type C18, 4.6mm I.D. x 250 mm
Flow rate 1.0 mL/min

Column temperature 35C

Injection volume 50 pL

Al e B

gollo] gk Ao Ax2] A4S Intorre et al. (2000)]
= A5 wAste] oo gk sk e A1&5H

Atk =, 80Tl Batso] = AwE el WAst
5200 ILE Qs EF st FFORE o] &4 200

A

F

= 718 thg #23} (10,000 rpm, 30 sec)d}3A Tl o] AS
80°CAlA 53 714 e & WZFAA 10,000 rpmol A 107
AR s Y2 AEAe o3} (0.22um, PTFE)3

&
T

REARY Y 2 BREE A

Ciprofloxacin, norfloxacin, enrofloxacin, sarafloxacin®] ¥ <=
SNl =5 247 wA 84 (0.01 0.05, 0.1, 0.5, 1, 5, 10
ug/mL)ske] 50 uLE HPLCO| ¢ ¥ ZF w0l gk 33
Ao AP Ayt

Mgl A FEJFEE A ARE At 2
]
A
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HFA gl 5L A5k Alold] Fo|=F F3lo 10 pg/mLolA A4S YeER AL, 3] AATE 7 0.998
HPLCY] FEEE Fol7] f3t ZAAIE 7Hel 1.0 ug/mL o]o] 1t} (Table 2).

EO EFENE Tt A FUF x589 92 Table 2. Lincari d ivity d
2 32 A7) (retention time)ll T3] 10% o] 2po] = 10| able 2. Linearity an sensmwtzf ata ;
- - Analyte Intercept Slope r* °LOD (ug/mL) °LOQ (ug/g)
W ools o AHE AAS H A3 : ;
Ciprofloxacin -0.6907 182.63 0.998 0.04 0.1
- Norfl i -0.4374 193.87 0.999 0.03 0.05
. A RN S 5% () X 100 ot
A5 E(uglg) = EH (o) < 528 (%) Enrofloxacin  -0.3645 174.82 0.999 0.04 0.1
X eyl AT Sarafloxacin -0.0128 132.230.998  0.03 0.05
=y e =
8 54 ’LOD, limit of detection; bLOQ, limit of quantitation.
AEH o] 3lES Feb] flste] o] H o WiFgo] ARl
T=E <43 9+ ciprofloxacin, norfloxacin, enrofloxacin, FluoroquinoloneZ| &4 31&3%H7 (LOD, Limit of
sarafloxacin 789 0.1, 0.5, 1.0 pg/mLS 7}8be] 245 Detection) 2 A &3] (LOQ, Limit of Quantitation)S 2 X
o)z ARWETIH] peak WAHZ o] &3l IFES W ciprofloxacin®} enrofloxacine 0.04, 0.1 ug/ge]Nom,
T3} T} (Causon R, 1997). norfloxacin@} sarafloxacin< 0.03, 0.05 ug/gS 2 U el o] &
T+ A A = ciproflxoacin®} enrofloxacin 2.t} A& o] <7k
Ay 2 oz sioront, 2R Wats #Fst=d EA4E gl
Fig. 17} Fig. 2= o] & #>dofdl fluoruginoloneA| YA
2473, LOD % LOQ 455 H7lske] WA E F HPLCE 43 Ao 44
Fluoroquinolone Al FAA| 4FS FAA] 1/xol tgh 754 peak 2]l W3l peak”} §lo] oFF Y& S chromatogramS
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Fig. 1. Chromatograms of fluoroquinolones obtained with (a) blank carp muscle tissue, (b) extract from carp muscle tissue
fortified with norfloxacin, ciprofloxacin, enrofloxacin and sarafloxacin at 0.5 pg/g, (c) standard solution containing norfloxacin,
ciprofloxacin, enrofloxacin and sarafloxacin at 0.5 pg/g.
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Fig. 2. Chromatograms of fluoroquinolones obtained with (a) blank eel muscle tissue, (b) extract from eel muscle tissue
fortified with norfloxacin, ciprofloxacin, enrofloxacin and sarafloxacin at 0.5 pg/g, (c) standard solution containing norfloxacin,
ciprofloxacin, enrofloxacin and sarafloxacin at 0.5 ug/g.
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Table 3. Average recovery (%) of fluoroquinolones from
tissue of carp and eel

Fortification lever (ug/g) = S.D.

Fluoroquinolones  Tissue 0.1 05 10
Ciorofioxacin _Blood 92622 965:1.9  955:1.0
p Muscle 94.0+54 91.2¢3.6 93.0+3.0
. Blood 96.6+2.7 96.1+2.1 96.9%1.1
Car Norfloxacin - pjuscle  96.2¢411 96.240.7 97.740.5
P Enrofioxacin 31000 96.3+16 954306  98.6124
Muscle 93.7+0.8 94.2+0.8 92.6:1.2
Sarafloxacin  Bloed  96.0£1.0  92.8:0.3  93.5:0.8
Muscle 93.8+0.9 92.1+1.7 93.7+1.9
Ciorofloxacin Blood  96.5:16  96.0£2.0  96.4%1.9
Iprotioxacin - n1uscle  91.4+0.8 94.3+24  94.1+1.0
Norfloxaci Blood 93.2#0.9 93.0+1.1 96.5+0.9
Eol ormioxacin - nuscle  94.0+0.6  93.0+1.1  94.1:0.4
Enrofioxacin Blood  96.5:0.8  96.0:0.3  93.9:0.6
nrofioxacin - npuyscle  92.4+1.3  91.2+04  92.7+1.1
Sarafloxagin  Blood  93.7£1.0  959:39  93.6:0.7
Muscle 92.4+0.5 92.9+0.5 90.4%0.7
* Average recovery was obtained from 5 replications.
IR
0101 =i ug Lo}oﬂ 71—71— 5u}aw dxgxﬂ X]Zl(l)i } 1u
g/g, 0.5 ug/g, 1.0 ug/ge] Al H7sle] =&, AASHA v‘i'—“

skolS wl 342 Table 3% Zth

ojoll thet 3]F&-S ciprofloxacin®] 79 91.2~96.5%,
norfloxacin< 96.1~97.7%¢9] i, enrofloxacin< 92.6~98.6%°]
0.1, sarafloxacin ZHZ} 92.1~96.0%% WEF A TE w70
of w3t 3]4E&2 ciprofloxacin®] H-F 91.4~96.5%°]H,
norfloxacin= 93.0~96.5%¢9] i, enrofloxacin= 91.2~96.5%9]
o™ sarafloxacine 22t 90.4~95.9%% L}ERNSITEH

kA Jojof WAoo a2 H 90% o1l dE
#s dEhllen, zhzhe] d4AEI Alas] B
ciprofloxacin, norfloxacin, enrofloxacin®| sarafloxacin}®.t} <}
b Eghon, ISA R X goA FE8%0S W 34

of A= =4 YEbst

=y

ZA7-F3% fluoroquinoloneA] &A1 o] AW - A3}
oo} wixdojol AF 1 kg 20 mg®] F%=F ciprofloxacin,

enrofloxacin, norfloxacin 2 sarafloxacing Z}2} ﬁo:rL—rO% 315

S o AJREe] Aol e R WStE Table 4 9 Table

59 24z el AT, ) ofol th3tk ciprofloxacin, norfloxacin,

enrofloxacin ¥ sarafloxacin &F=2] 7 eSS A HH

A,
o
ok

cirproﬂoxacin norfloxacin % sarafloxacine 10A] 7HA & %+

E¥XE YERNR1AL, enrofloxacine 1 LA oA #& 27
E% HolA gAA it 2pol & Bl om A 2pol e
Ao Z YERIT) (Table 4). 7L F 24 AI7FA] 543] 743
F3S Holthr) 39 A ciprofloxacint 2.23+0.89 ug/mL,
norfloxacin< 1.85+£0.32 ug/mL, enrofloxacin< 2.06+0.53 L
g/mL¥} sarafloxacin 2.00+0.33 pg/mLZ 1.0 pg/mLe] &%=
2 ZHFetiTh SUARE et Al ZHAE7] Azt
ciprofloxacin, norfloxacin 2 sarafloxacin< 204 %] 2}z A =
Al (LOQ)°] 82l &= = YEFE S M, enrofloxacine 20 7
7FA] 0.04+£0.01 pg/mL 5= 2 YEYTZF 30 A A 25k
o5tz robzith

fr et off 4

o84 1450

Ho
}ol'
o{ﬁ
fol

A% 8] 0] A

o

ot

ol thdt ciprofloxacin, norfloxacin, enrofloxacin %

sarafloxacin 2FE9] 57 FEE A RHE W] 712 A 25
10X A A T BP0 R & JWFFres YEhger 1
5 5AR 7R FAB] A= AS Holtrt 7d Ao =
Sk Al Taslr] Al 2] ciprofloxacin 2 sarafloxacin-e
1344 ZF2} 0.14+0.02 pug/mL} 0.09+0.02 ug/mL =2 e}
dogs 2094 AFIHA olstE wrolxul (Table 4).
Norfloxacin®] 7Z-9-%= 20474 0.07+0.01 yg/mLe] FE= = Zt
F3lt17t 3094 = kst A o]FF R ol 9.1, enrofloxacin
2 3047HA] 0.05+0.007 ugmLe] Tz HEE AT} 3594
AAA olshz oA WAl AE Jojsh vprbA R
enrofloxacin®] 7F& AAl FFoh= AR YET]

Table 4. Concentration of fluoruquinolones in plasma of carp
after oral administration of a single dose of 20 mL/kgb.w.

(ug/g)

Time Concentration (ug/mL) + S.D.

Ciprofloxacin Enrofloxacin  Norfloxacin Sarafloxacin

0 hr - - - -

5 hr 5.73+1.24 5.13+0.44 4.61+0.20 4.98+0.21
10 hr  11.03+2.86  9.02+0.49 9.10+1.60 9.81+1.72
1 day 10.16+1.77  9.37+1.10 8.49+0.68 8.50+0.75
2 day 4.47+1.18 3.83+0.57 3.57+0.25 3.85+0.27
3 day 2.23+0.89 2.06+0.53 1.85+0.32 2.00+0.33
5 day 0.99+0.49 0.96+0.42 0.74+0.04 0.81+0.07
7 day 0.35+0.07 0.32+0.08 0.28+0.07 0.33+0.06
9 day 0.25+0.04 0.20+0.05 0.19+0.03 0.21+0.04
13 day 0.12+0.03 0.09+0.01 0.09+0.01 0.10£0.02
20 day - 0.04+0.01 - -

30 day - - - -
35 day - - - -
* 5 - not detected.

Table 5. Concentration of fluoruquinolones in plasma of eel
after oral administration of a single dose of 20 mL/kg-b.w.

(ug/g)

Time Concentration (ug/mL) + S.D.

Ciprofloxacin Enrofloxacin Norfloxacin Sarafloxacin

0 hr - - - -

5 hr 6.42+0.27 6.36+0.54  6.04+0.26  4.39+0.19
10 hr  12.65+2.23 11.18+0.61 11.91+x2.10 8.74+1.53
1 day 10.97#0.97 9.96+0.83 10.33%0.92 7.66+0.62
2 day 4.97+0.35 4.35+0.48 4.68+0.33 3.39+0.26
3 day 2.57+0.44 2.17+0.15  2.42+0.42 1.77+0.31
5 day 1.03+0.06 1.01£0.11  0.97+0.05 0.72+0.16
7 day 0.41+0.08 0.3740.03  0.38+0.08  0.28+0.06
9 day 0.30+0.05 0.1940.05 0.27+0.03  0.20+0.03
13 day  0.14%0.02 0.11£0.03  0.14+0.04  0.09+0.02
20 day - 0.09+0.015  0.07+0.01 -

30 day - 0.05+0.007 - -
35 day - - - -
* ; -, not detected.
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Nouws et al. (1988)2 279} 2FF Foupfo] th==]9h
o, w7l & FEX]7) Fofl ciprofloxacine 15 mg/kge] ™
9 ZEFAE ¢ F AFFS B AN HIsE EEAZTo]
o] & 1 AR AINE A= Aksol] 4l 9l A1
AR HurdsEs 29 7 1042k AT o= o Fol
A Folste] IRE T AR Al £3E JAAA7E A=
Eo7hA A o8 F4d wW7bA] AREE AlZEe] Apol 7t
U= Ao & AR Xu et al. (2006)8] 4-$ gty o}
ciproﬂoxacin@r enrofloxacin® ZHz} 747k 50 mg/kg b.w. %
AFFAS I AIZPEE A RE AF st £ A7 F4%
< FAA e} kA xpol 7t Aot FoF & B 16l =
el
78-S YERH 1T Martinsen and Horsberg (1995)9] X il:=
10 mgkgbw. B ZTFA% Ao] (Atlantic Salmon)ell A
sarafloxacin®} enrofloxacing A|3Fel]l Wl FHH = T2&
ek Ay SUA| sarafloxacine 0.01 pyg/mL ©]3}o] L
enrofloxacin< 0.05 pg/mL= YER} 2 AFZAzetE e
TLzolE HEY ol & & AR g x}o]e
ot Ro=R AFZHUY. T3 enrofloxacin®]  H$
Treves-Brown (2000)< 3l 5=0] 5ol A1 9] enrofloxacin 57 7]
Zro] wol FEY vl A vtk sho] o] Hiugw
Kim et al. (2009)2] | X9} Z3]LE-29] fluoroquinolone 7%
< B AFA%e vugthd A fARE FEE B Ao
2 FZ5H A} o]9k ol fluoroquinolone ] YA %4 3}
FHEEe] Afol= AFA] ofF, MARL 72, 874 5ol 4F
S Bol ¥ o= yelgon, ggidoe] & oyt W]
Hoh 25 o FAIZre] 71 AR et
wba] & AFE Fake] Al vl SA = AR A
2o} ol FH LAl AFE-E AT fluoroquinolone 7] A Al
AFoste] AR HEE AR O R A G Ao F
AHEHE U2 FAAEY AR BEIATE ST,
Al a&2 e 98t R 2 WAdde] =9S
A At A9 D FEA Aol 28d VAR
449 Ao 7 7|3},

o > 0% 2 it o2

A} A}

B ATE SRRt FEAF AN L R
A A7) ] Aol ola) A AT (el
%.: RP-2009-FS-003).
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