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Distribution of Quinolones (Ciprofloxacin , Norfloxacin and
Oxolinic acid) after Oral Administration in Carp (Cyprinus carpio)

Min-Soon Choi" and Kwan-Ha Park
Department of Aqualife Medicine, Kunsan National University, Kunsan, 573-701, Korea

The concentrations of quinolones (oxolinic acid; OXA, norfloxacin; NRF & ciprofloxacin; CPF) after
oral administration of single doses (20 mg/kg B.W.) were investigated in carp (Cyprinus carpio) kept in
freshwater at 20-23°C . The distribution of the drug was studied after treatment. At points timed, from 1 h to
96 hrs after administration, blood (B), liver (L), kidney (K) and muscle (M) from 5 individuals in each
group were collected for analyse with microbiological bioassay method. The peak concentrations were mea-
sured at 8 h (L), 12 h (B and K) and 24 h (M) after administration regardless of treated drugs. Considerably
high concentrations of CPF (13.8-19.6 ug/m{) NRF (11.8-16.9 ug/m¢) and OXA (10.8-13.9 ug/ml) were
revealed during the 24 h. At the last time point of the experiment (96 h), concentrations of all three
quinolones were: OXA, 2.3-6.3 ug/m{; NRF, 3.1-4.5 ug/ml; CPF, 3.0-5.5 ug/m( in samples. The concentra-
tions decreased subsequently, indicating a first rapid redistribution, followed by a slow phase of elimination.
The steady state was observed in blood (12-36 h), liver (12-96 h) and muscle (36-96 h) after the initiation of
treatment with OXA. Concerning the compartmental concentrations, (L, K, and M/B concentration ratio),
the fluctuation of the ratio was founded at different time points, among drugs. For CPF, highest tissue ratios
were prolonged in the order of L>K>M (0.65-1.2/0.82-0.93/1.0-1.7) during the experiments. On the other
hand, NRF presented L>K>M (0.65-1.3/0.86-1.0) till 24 h, but L>M>K (0.89-1.26) at 36-96 h. OXA
showed L>K>M (0.95-2.1) at 1-8 h, M>K>L (0.51-1.0) at 12-36 h and M>L>K (1.0-2.3) at 48-96 h, respec-
tively.

Key words: Quinolones, Concentration ratio, Maximal concentration,
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t} (Lewin
et al., 1990; Wolfson and Hooper, 1985; Treves,
2000). ©]E <FAl= oxolinic acid (OXA), nor-
ciprofloxacin (CPF)&°] o
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(Barnes et al., 1991; Nouws et al.,1998; Lewin and
Hastings, 1990; Hae ef al., 1998) &A1 $-zlviz}
PHoIFoA ol AHFHT Y FuE T
Aol

oo]:/\l x}oﬂ /‘1 /\].TO,'_E ul-/ng —3}1: H];L/ﬂ lug
5 & Aol ARge] &7
f‘&% o glou, 15— AT B9 Fol¥
$oli oRAZE 4FRE MAES @ B
of Iti= A wold ik ofue}, o] & oAl
A7 Wi o2 WA
S7HAll lom, S7de] HaE g
M Us Azl A7 dst
(Barnes et al., 1990; Choi et al., 1996).
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HHE FojA] o] ekEe] Tt ALl St

A &tk AT (Rogstad et al., 1993; Mar-
tinsen et al., 1994). wWEkA A5 o]te] It
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oflz}, oA kAl ZHFoll wE A EFEH A
TAE A R 7}%*35— =7] wel
(Aldreman, 1988) 24 <
o] =&H I 9ot 01721‘01] ol gt kA

39S o A|7F A WE AN ek Rz
)\l—oﬂ o 5t o:qu :L“] Al SPEM AT} whEhA

s

ol B AFelX=, FolEdl FAYAE
Hges FAtgel wWel ARSE= OXASH
fluoroquinolone A1 #{ Q1 NRF ¥ CPFS 71242

2 T3t Ay 5:1 A7 RELE 24
VW SRR ofEo] Sl AR H

o sornA A%k

Mz o el

0
of
i
£
2

= 2

3] AW, o] 22 20-23C, £

= 6mg/LE A3 & 71538 AEHAE 1A
=

Klebsczela pneumonia (K. pneumonia; ATCC
0031)E 43l A7l § Tryptic soy broth (TSA,
Gibco)ell 37°Cell 18A17F F3t w4 th5= 2]
719] #& AHgstant

UMF0 & AIZHZ

oFA| o] Fo= ZHZEe] quinoloneA| Al (OXA,
NRF % CPF, Sigma)E 0.5% carboxymethyl cel-
lulosee] &3§A1Z1 AEN S salineC = 345
5 Oﬁﬂﬂ W (20 me/ke)oll A Fof ST
Fog 7zt oAl A Fxo &7 F °F 5
%7& e } HA EZoRE 3 e E
ANAF FoA 81 ‘:‘r shA, 7 4
718 okA| €] %E% oRAAE * A (1,2,4,
8,12,24,36,48, 72 2 96 h)°o. 2 7} AF+vlt}

5P AN 5 A7 AHF Sk Zé’@}
th = oA = MS-222 (100 mg/L) 2 v A7l &
heparin® 2] FA7]1S o] &3le] w0 7 RE

w2 et dis 9472l (1000 rpm, 10 min)3}Fed

ARSI &4, 7 1 (3° A B )
2ZRE 5¢9 2Fe HFHF, PBS 20 ml A7k

37 homogenizer® &3} A7l & ZZA NS ¢

A58 (3000 rpm, 10 min)3te] A=S A g2
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HHX| & Disc 2| M=

WX = Screening plate (NVNC,
Intermed. 243 X 243 X 18 mm, 530 cm?, Gibco)E ©]
43t HIWIAE A Z3HSTE =, Muller-Hin-
ton agar (MHA, Gibco)¥l A& FEH+ st 3+
LFZ (48-50C)0l = 3 Uk, K. pneumonia
#4& 1x10 CFUm F=7F H=5 H71sksl
t}. A, AARE- disc= 2173 10 mn®] Paper disc
(Advantec)E € Hi F AxstA ARESH

Fom 2E AZAAL clean bencholA] ©]F

Bioassay &

Bioassay-&

oIxith
OMIE2ES| &4

AR Zt A7) F, 25, P A 2 oo
Bxsl= oAl &3-S K. preumoniae (ATCC
0031)Z ©]43 bioassayH o2 FAlSHATH

(Waterworth, 1978). 7} 47|1A1 5 80 W& &2
71 paper disc& MHA (10" CFU/m{)°ll &&%3L
3027 AN AT 1§ 37°CollA 24A17F )
Fale] #2] JAHE Vernier callipers = =7 5t
ATt oluf F7IH 2FA|FHE 7} 2FAE 20 A
A4 (25,125, 6.25,3.12, 1.56, 0.78, 0.39, 0.19,
0.095 2 0.045 vg/m)3te] thH] AHAJ st T

109 wg/md) Q] =02 = et} $HA,
== CPX ¥ NRF9| 7%+ 48h/HA= ¢
T2 wWEA AEYO, T o] Fol=
5 5\_*“:2 Bk g, 0XA9] 7
12-36 htfjol] e fEx s FA8tth7t

in blood(ug/mi)

Drug conc,

Time aller ol adminisiralion (i)

Fig. 1. Plot of drug concentrations in blood after oral
administration of a single dose of 20 mg/kg.
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NRF (3.1 ug/md), CPF (3.0
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2Vp0| o 5=
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CPF (19.6 ug/md), NRF (16.9 ug/ml) 2 OXA

ug/m)= O = ST §H, oFHar e
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EE oA WEA JdE F 11 o]Fo= g
Al AP ATk e, OXAL] A= 2%
7} 8-12 hth (13.9-6.8 ug/m)l uHT m= A 1)
Hom, 1 o]l = W FEFAY (6.8-33
wg/ml)E JERNH w2 A4S Hch g
A, 96A17 €] 7} kAl e] %= CPF (5.5 wg/
m¢) NRF (4.5 ug/ml) ¥ OXA (2.5 ug/md)Z e}
sk

o JH

K

Fig. 2. Plot of drug concentrations in liver after oral admin-
istration of a single dose of 20 mg/kg.
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1 ] 7ol CPF (16.9 ug/mQ)
mf) ¥ OXA (11.9 ug/ml)s=
oA 8] TR 7%@74]011&1 AR oA
oA vzl AT S 48AHA =
WA WEA FAE BIo T o] UHT‘
ket S BTk 96417 A o] 7+ ok 9 &
=% CPF (4.2 ug/ml) NRF (3.5 ug/ml) 2 OXA
(2.3 ug/m@) =2 FeRsTh

lri‘
o I

Orum cane. in hidn

Fig. 3. Plot of drug concentrations in kidney after oral
administration of a single dose of 20 mg/kg.

=22 oM

ﬁy,}}; Flg 43} 7L1;].
h® 2 CPF (13.8 ug/mﬂ) NRF (11.8 ug/mf) 2
OXA (10.8 ug/m)s=C 2 UElstth oFgo] S

= E} A&7]el vlsiA Hlﬂﬂ LA o]FAHL
™, CPX ¥ NRF9] 79+ 12-36 holl 71z} 9.6-

Fig. 4. Plot of drug concentrations in muscle after oral
administration of a single dose of 20 mg/kg.
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EEUAE Bt 96 he ZF okAlY BRE
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Fig. 5. The ratio of tissue to blood concentrations of CPF in
the carp after a single oral administration of 20 mg/kg
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Fig. 6. The ratio of tissue to blood concentrations of NRF in
the carp after a single oral administration of 20 mg/kg

THOE 128 =9k0L), T o] %o FEHh v
2 Y& (08095 HAth 3, 259 A=
4 WA= EFHT 32 11E (0.7-1)°]1R 2,
1 o)Fols T v B AEgS B

2} 719 FEHlE
Fig. 73} 2t} = 78] 7% 35719 1-8h7}
= €39 279 7R %L, 12-36 hell=
H32] 0.5-0.7 FFOZ WO} 48 h o] o=
IS F e} vszeksinh 219 79 1-8 hojol
= €% 122502 E9o ), 1 o =
AE}o] 12—96 holl = &329] 0.7-1 =0 Yt &
%9 A$-E= 136 WA= E%%E@r H| =519
©1},36h °H°ﬂ~ =

A

| —e—oxa-LiB |
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Fig. 7. The ratio of tissue to blood concentrations of OXA
in the carp after a single oral administration of 20 mg/kg.
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OXAQ] FAE oA 20 mg/kg SFO 2 7HA)
B 7T o] HAIFHOE oFEO FHE X
AbeE A3 7F A7 HA 9 EE Al

% e Rol/t 9o oSl BE 2 M4 §
Yo e AL Batk 74 e Avsg

A7 78 (8hy, Eof B *J?‘J (12h), <5 (24
h) =ollem, zk kAl AW 9] HsA=
CPF (13.8-19.6 wg/m¢) > NRF (11.8-15.9 ug/mf)
>O0XA (10.8-13.9 ug/m) <=2 2 JEFstT} (Fig. 1,
2,3). o]&% A= CPF 2 NRF59 fluro-
quinoloneA A £ OXASHA|o H]e|A] Asldt
o] pHOl &S A7l Wethe A (Smith and
Lewin, 1988) 0.2 1|} 7} ofale] 7]182 T
Z ZAe] Zpolof| whEbA] F49] FFTS W97
2o 2 ALEE T §9, 9Joj2 O E NRF
£ AT 20 mg/kgs ATAOE 13] FoAA] F
ZHWA7T 9 w/ml (15 H 2R B 2347
(15.9 wug/ml, 12 h)2] 70% ==°|A Tt (Kim et al.,
2002). o2t zfol= ofAe] <A™ B ARSI
x50l F8A AEsie 7Fsds viAl
3 F= oq;g\our B Ao okA| & el
& oAl FAAstl7] wiioll ekAle] F47F M
WA AEEE mEA K FHA7] WEoE AL
EHh

B 2o A, 7t ;@7] VLA KE 2
M)/ (B) TEHE oAl wet ok o
2 %S Btk & CPF= L>K>M (0.65-
1.2/0.82-0.93/1.0-1.7) £ 2.2 A 7HHEZ x}o|7}
ATk NRF= A 7HEE 1-8h 2 12-24 hell
L>K>M (0.65-1.3/0.86-1.0) <11 2.1}, 36 h 0]
L>M>K (0.89-1.26) =]tk OXA9] Aoix=
1-8 holl&= L>K>M (0.95-2.1), 12-3691+= M>K>L
(0.51-1.0) & 48-96 hell= M>L>K (1.0-2.3) s£2
2 7} A7) AR FER Rt Apo)
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At (Fig. 5,6,7). o183 2352 kA9
EAe wEbd A7l F5 3 sl whEbA
zkol7F et Ae® AtgH ) AT A7
of HEHEX 7} A/MEEE HIX THolE
TOE FLoEor it

ol Aol sYs FXE B 243 o
2ztolE B TE (Rogstad et al., 1993; Samuelsen
et al., 2000). $HA, LS/A N = 53 7HAR R
ANX HiE 033-0.162.2A Ygtt= AARs
(Intorre et al., 2000; Rocca et al., 2004)32} A ofo|
A Ht 2.7-24907F =9 tE B (Stofferegen
et al, 1997)5 = B AolE B o|H T
Aol tidolFe] AeA 9 Askeh oAt
o] xjoliut opzl, AN 2] oFA S| Fhk>
A7 EYOE A &HH R o] Fo]A]7] wio
oFA| A 2] $ sampling ATk el &gt xfol7} &
[e] o] oi z}gﬁ [e) 74 oi /\],_g_‘g_r/]_'

g, OXAS 7%+ o oAl t=EA 3
At7F FAd=HA enksl Ao 542 B
ot (Fig. 4). & 852 12-36 holl 25 e] AA
o (10.9-8.8 ug/mf), 5 36-96 hell F7Ha 2]
BAH (8.5-5.8 ug/ml) B 7HF 1296 holl A5
o] AAW (6.8-3.3 w/m)E HAT o]zt &
o] FAEL enrofloxacin, sarafloxacin, OXA &
flumequine 5= A gk doje] oprim| 7Hd
5, ¥, A 25E0lA 129 2 45U Aol
A7 A AT (Stoffregen et al., 1997,
Martinsen et al., 1994; Ellingen et al., 2002). Z1 %
A A E5S YA CE enrofloxacin 22 A], A
o] FAHE FoAH H AR JEFs v
A}TH= B (Rocca et al., 2004) 5 0.2 1]F-o]
ofAl| o] kst A RAge] A=A ek z

Tl

7}7(]—>/\] x]—>:_ e}

B4 R 2 AL AR L5
e BAHAHS AOE ALRH A, o]
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WS B 9 AOR FRHOIAL, B 4
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BAFFAT o] ST FARFOS T&

el

oAM= 72 holFell oRAlZE HEHA F}on,
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o Hola F 28l0] A ol T 3
T fEEe] Ape] wEelAths Ishida®] 29
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on= ol thgh thst SHTANAM Y HE
7t Zaste]e AbRE T

AR A AW AFEE flEA in
vitro9 4] minimal inhibitory concentration (MIC)
A5 TAE ARl HRFEI Jlom, F9 oy
A1 Aeromonas salmonicida, Vibrio salmonici-
da, Vibrio anguillarum, Yersinia ruckeri 2
Edwardsiella tarda 51 ™3 quinolones 2} fluro-
quinolones A A €] MIC7} 0.005-1.56 wg/m{= .
FH 3 It} (Martinsen, 1991; Barnes et al., 1990;
Choi et al., 1996; Hae et al., 1998). ZLZ AT oA
W oRA o] A X|A] 22 o] HHlees A7
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3. At} (Smith and Lewin, 1988; Stamm, 1989).
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£ ZAFekAT
7t oA AT EEE W{P—S— g @8
h), @9 (12h), A% (12h) 2 <5 (24 h) °I2A
ozt oAl &lﬂ%lg—&‘: CPF (13.8-19.6 ug/mf),
NRF (11.8-15.9 ug/mf), 2 OXA (10.8-13.9 ug/ml)
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