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Pharmacokinetics of danofloxacin in turbot Scophthalmus

maximus following intravenous and oral administration
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ABSTRACT Danofloxacin, a third-generation member of the quinolone family, it has been
also used widely to prevent or treat bacterial diseases in fish farming in many countries. It has
been studied in Paralichthys olivaceus, Acipenser schrenckii, and goldfish Carassius auratus
Linnaeus, etc. However, to our knowledge, there are no studies concerning the pharmacoki-
netics of danofloxacin in turbot Scophthalmus maximus. In this study, the pharmacokinetics

behavior of danofloxacin in turbot after intravenous and oral administration was investigated.
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Six fish were randomly selected from the tank (water temperature 16 £0. 6°C) and sampled at
15, 30min, and 1, 2, 4, 6, 8, 12, 16, 24, 36, 48, 72 and 96h after intravenous and oral ad-
ministration, respectively. The concentrations of danofloxacin were determined by HPLC. The
data were analyzed with the pharmacokinetic program DAS 2. 0. The results showed that the re-
lationship of plasma concentration wversus time for danofloxacin were best described as a two-
compartment open model, and the pharmacokinetic equations were: C, = 45.741e """ +
7.332¢ “V", C,,=6.796e *""+3.135¢ “°"—9.931e "', After the intravenous and oral ad-
ministration, the main pharmacokinetic parameters were as follows: 1,5 36. 336h and 129.
228h, AUC 46 431. 981 and 284. 915 h + pg/ml, respectively. After oral administration, the
concentration of danofloxacin in liver and kidney was higher than in muscle, but was similar
with the concentration in plasma. According to the danofloxacin pharmacokinetics and the mini-
mal inhibitory concentration of most fish bacterial pathogens, the dosage regime of danofloxacin
for treatment of fish bacterial diseases was calculated as a daily dosage of 12. 17mg/kg by oral
administration.
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1.1.1 X%z

fat FE RS BFAREE 157 £8. 0g, i) % T vy [ 7K 77 Bk 27 0F 5% Bt 2006 7K 7 W 5% i & 1l BE i, 7K 16 £0. 6°C
hAE 29,pH 8. 2, 58, Wi K IR AT T 25 5 L B 7 14d RO R 22 BF L FHIC & 1R R .
1.1.2 RXEHeLKA

RIS AR UE S (AL ==>99. 9% . it 5 112398-08-0) . By Sigma 23 & A= 7= 5 H Al R ik SR 70 22 JE M) (4l =
98. 5% .4tk 080308-1) , Wi VI [E FB54- 255 RN Wl A= 7= o a5 FH v 59 24 9y K 71 2E B R /K e i T . S b £
PEal, = H e IF O BE 85 W B IR L = Z e B R 4y BT 4l
1.1.3 XBE

Agilentl 100 ! & S0 A (3L (HPLC) L 22 YA I 2% , Agilent Te-Cos (414 (4. 6 mm X 250 mm,5 pm),
Bl kb B R 55 Windows NT4. OHP T AE ¥, HSC-24B /K & in # & WAL . FJ-200 15 8 43 5 2 B AL, Mettler
Toledo M T K, Eppendorf & & &.0>H1 .
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1.2.1 @b RH#
1.2.1.1 {#Hmdhss

T SR T Al R A O R 3 AR . RS A I R T G AR AL TR R 20 mg/kg AR, #RIE
J& 15,30 min F1 1,2.4.6.8.12,16.24.,36.48.72.96 h 433l A 6 & ff1 1% J22 i Jik JC 11 R Il » 1B 43 531 & F 905 Tk
BHINFEMNELEF .4 000 r/min Z.0 10 min, L EZ M3, B —20°CARHRT.
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FHFEE SR Tl TR 1 59 45 WBGR Fi Vb B 7K S WHE AN R ZE 6T T 8 IR A& 20 mg/kg iR, 435
FHMRJE 15,30 min A1 1.2.4.6.8.12.16.24.36.48.72.96 h M J& ¥ bk JC 5 2 IfiL - [A] — i ) o5 B 6 8 £, Ifi B
Sy E T WETRA 1R B B0 .4 000 r/min B0 10 min, U E 2K, B —20°C R R

TSI 1) AU 6 8 A IDE VI TIERT 5 g ZE A LI 23 S B VA4S BT A R 1 — 20 "CRRVRIRAT.
1.2.2 Haa#

ML A0 38 B I REAE 2R A SR 35450 5 B 1 ml i3 vE A 10 ml B0 A 4 ml 20 . e i 3%
7 10 s, ## % 2h.5 000 r/min Z.0 10 min, B EEWR 7R 40 CHEEKE T 2T 5 H 1 ml i s A0
0. 22 pmn Y8 T U8 5 AT 5 ROBOAH €350 E .

HEIUEH R HLRE M TE R T A RBRIR  HEFRARI 1 g HELOILA I IEFNE D . A 2 ml ZJF 16 000
r/min 5% 20 s; B 2 ml ZHEEE Tk A IF PRI I PR 3% 10 s, # % 2 h,5 000 r/min B§.0> 10 min,
IEWAE 40 CHEIRKI P AR T EREH] 1 ml WS A A 2 ml EEC K £ I5D5 . R 0. 22 pm
B L Ik U IS AT v ROBOAH T E .
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REW, PR I 3 A0 6 B A 5. 00, 2.00, 1. 00,0.50,0.20,0.10,0.05,0.02,0.01 pg/ml B #5 #E¥E W.
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Fig. 1 Standard curve of danfloxacin

2.2 BKERERZEE
KT YD AR I ILPA L RN B Y (] iR R AR S R U R 1 i, Al UL [l AR AE 78, 27 % ~99. 58 % 2
M), H A H ) A S 25 BITE 1.5 % ~2. 70 % F1 2. 88 % ~5. 32 % = [d] .
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Table 1 The recovery and precision of danofloxacin in tissue of Scophthalmus maximus

HY A i 2 H NS 5 R E ENETEE, Y e
Tissue Recovery( %) Intra-day precision( %) Inter-day precision( %)
1fil 3% Plasma 99.584+5.83 1.5 +0. 44 3.12+2.58
LA Muscle 89.47410. 10 2.70+1.22 2.88+1.23
HFE Liver 78.2741.25 1.89+40. 88 5.32+1.45
Bk Kidney 91.1145.98 1.78+2.58 3.69+2.12

2.3 RRDEERZHENNERINFRE

2.3.1 BERABHBRI N FAHK

K DAS 2.0 S X i i A E ARG FVD BEAE I b vk B R AT 0 HT . SR BOR L RRES )R R B
TE {3 K 32 6T N 19 254 3h 1 % e AR R R N R e — = PO, KAk RN :C = Ae “+Be "5 OIS
2y 5 5 IR TR VD B2 A AR R3S A N 25 1) B ) 2 B AR O — Gl T O R RN C = Ae
Be " —(A+Ble ", 4RI ESENE 2 iR,

Cypp = 45. T4le™ 21147, 332 %010
Cop = 6.796e "' 43, 135¢ “%7'—9,93] ¢ '

2.3.2 HRVEEREFERNAGRKE 5 A

R 22 B T R0 0 MGk v B S s G A UL PR I 0 T 0 24 - It 2 ) LI 2-4
2.3.3 BRIV EHVORLHFTE

RGP TS H LA A f N R S 0. 05~0. 8 pg/ml(H LA SE 2004,20063 4 MIMESE  2003) . i@
it Xo= 10MICX VXK, X¢/F A3 WP B O IRA 2507 R 12. 17 mg/keg fafk®E /. 1d 1 K.
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Table 2 Pharmacokinetic parameters of danofloxacin following intravenous and oral administrations of 20 mg/kg b. w to S. maximus

%5 2577 3L Route of administration

e LA
Parameter Unit ik H i
Intravenous administration Oral administration
S3 A FH I I A pg/ml 45,741 6.796
T4 BR A A Z B R BE B pg/ml 7.332 3.135
G R AL o 1/h 1.927 0.05
TH PR R 1/h 0.019 0.005
24 W TR F B Ka 1/h 0.11
W2 ) 110 h 6.299
Gy ATAHE W 112, h 0.36 13.9
THERARE W 110 h 36. 336 129. 228
259 [ e I TE BRI R Koo 1/h 0.123 0.014
25 A h g s B 1 REE B R Ko, 1/h 1.54 0.016
259 A R0 s B h e s i — B2 R Ko 1/h 0.283 0. 025
1M 24 3 -1 [ it 8 AR AUC -~ h« pg/ml 431. 981 284.915
KU ] £ max h 12
WK Crnas pg/ml 5.312
KM AER Va L/kg 0.377 2. 986
EMHME F % 100 65. 96
1(5) _— —o— 53l Determined ér —— SZ{H Determined

B - = = = W4 {il Manipulated £ = = = = LA Manipulated
3 35 i =y

g g4

E g 5

g g

= o

g 2 2
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Fig. 2 The mean danofloxacin concentration in Fig. 3 The mean danofloxacin concentration in

plasma of S. mazimus after plasma of S. maximus after

intravenous administration of 20 mg/kg oral administration of 20 mg/kg

3.1.1 #HiEs bR FHIE

it B 35 T 0 Ik U 3R R R S I A A Bk 0. 377 L/kg X B2 55 (2006) 47 38 ik SRV B 78 I 644
P A 25 BN 0,139 L/kg, /8 24 45 (2006) 2 18 1K 96010 AL 76 o0 ER 6 0 N 1) 6 00 40 i 28 B Ry 0. 922
L/ kg M4 B8 V> BAEXG (SR F U 2001 XIJ5#F 2001 ; Kietzmann ez al.  1997) 44 N (9 38 W 43 11 25 FH
16.06.10.2.7. 52 L/kg, #£ 3£ (Aliabadi et al. 2001 .2003) {4 PN 19 32 W4 45 25 By 3. 37.3. 80 L/kg. 7 &% (K
FIE 200D RN I oA Bk 3~4 L/kg, fy 06 0] UL 3k 560 U0 2 78 K35 8 R 9 AS T X 2 A% 25 0 7L 3l
W AR ) 5 28 6 s [Q B A 7K ™ 3l W AH G . 3X 0] BE T A 2R DY I VR R 20 R 4 ml/min, T #E W FL 3
Wy N 4 LB 5 35 7 500 ml/min(Bg 75 2002) . i ELAa 2K @ A8 I sh ) ARG 28 5 52 K IR ) DRI 265 9
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T Ao IOk S A R 2E T AT £ S A PN 1) 0 43 A 2 B A X 8r —— JJL/A Muscle
—8— AFJIE Liver
—A— I Kidney

ANEE SRR B REE TR N AUC 2 431. 981 h » mg/
L, 17 2F 6F S [ A4S (X 4 20065 SR A%

2006 XI5 2001 fR N i AUC 43 51 K 179. 79, 34. 226
#3.29 h « mg/L, 358 A FR VD 2 W Ik G I 78 R 32 B4R Y
MR RBRERE . TRREESHARN AL, FESRD
FEAE R EE BT UK 9 10 T Bk 2K 3 1 36,336 h, K F 5 [ 6] . = :
(22.186 h) \ZF (3. 465 h) (483 (3. 39 h) L 111 % (4. 67 h) 40 60

¥ Concentration (ug/ml)

FIXG (6. 849 ~5.8 h) (L34 2006: %] % 2006; P e (1)

HFHEH 2001; Kietzmann ez al.  1997; Aliabadi ez al. Bl 4 REE6E 1 RGA IR0 B G 45 4 25 - il 2k
2001.2003; Lynch ez al. 1994 . ¥ B ik S 70 52 % Ik 1 &t Fig.4 The mean danofloxacin concentration in
T A S 13 T £ T B O D T R tissues of S.mazimus after

oral administration of 20 mg/kg

3.1.2 mRAHNH BRI A FHAE

ik 670 B2 A 32 B 0l 2 v i 3R W (B Ry 12 h, R
FAEAHE (4. 601 h) AfEXS (1. 21 h, 1 h) My Ak e m A (X 245 2006 X005 2001:5KF5 9% 2001) 53K
P BAE R EOER N B W 0 6. 299 h JHBR 32 129. 228 h, MAEABE (X 24 2006) KN 1)
W AL B F 3 A 43 5310 R 0900 F1 27. 758h, ZEE A (I B34 2006) 14 P A RGN B3 > 52 B3 4330l o 4. 961
1A 47.793 1 h, fy Ul Al WL 5k 00 B AE R 38 BT A D 114 W52 WAC 3 5 RT3 ok ol SR R AH X LU AR 28 18 . 3X 5 ks /ey T L
{H— 3, 75 RZESF IS P R 0. 64, LI AR T 78 A 8F i3 i (49 11. 02, Ud W35 98V B 7F K32 84k o 3 2243 A 76
5 T AE S SR Y 32 A A A S A DLBGR TR R A R TR N T BRI R . R 2 e s R N
BELE A A S SR AER. CAMRIEL S 5 4% 00 40 i 3R P450 My B2 (F ) 3%
2005) , AR AL AETELE KT B AR IR BN B 32 Pl s SAS B st 4% K 3R 2 Ah AR N 25 40 A8 52 7K R 04 52 e 1
e . Ellis 8 (1978) Wik 55, i B 3 Thm 1 °C , 25478 0 2 R g B A s 3 ke 1000 AU 56 4% 1 /K TR
16 C KT F6E(21~23 “CO B (19~21 C) Ayl 58 /K I . I m] BEAE & /KR R 6 P450 B 1% 4 7 = M i
BT AR P24 B AR IR A BN o T IR RE AR A T TR M A X 2 ) A AR R R AR, AUC 2
— A 2 W) A R N S L SUER B I IR A A ) EE R AR AR R B F R 24 W A S R SR
i — it B, AUES rh SRR G D IRGA D B L K h i) AUC FUF 435024 284. 915 h « mg/L 1 65. 96 4,
56 O IRGE R B AUC(256. 07h » mg/L)Fl F(71. 21 %) MHIE (X 4 2006) , 136 B 3k 1D B2 7E K25
BF R PN B AUC {8 F0 A P R RE #8 WR WSO 32 ey L R 28 8 1
3.1.3 ORZLBAGUMER 5 A HAE

REEEE I RIB YD AL G -8 h B AE M B JUE R UL P o (] i ik 380 e vie B E 7 I o 0 R R e v s JHE DR IR
Z S AEWLA R AR X — A — EL RS B HURE S5 B, T L2 4 A S A S 0 B ) R i R VR L T
I 259 BE L U W 259 48 1 RS T SR 2 1 PR IDE A A 2 o AR L B i ek 00 7 S AT HE A LA PR . B R 2
Wy FE G 25 v o U IH 8 R VD L 0 I U A 5 5 2 B R 3l ok B DR R A L A R R S R R A R I
SR (X F L4 2003),

48 b I 3R GV B A R R AT ULPA 3 o 2H 2 rp AN [ AR R M S B S 2 YRR WV B S A 1 IR
A AE/N TS 1 RIE(E (B 4) . 2R Q99O BRI T RBIMI SR . T 2491 Z 06 5 K HALH 2 x%f
NFHEFL ST BRA (Ezzet er al. 2001 BRIIRSE 2001 o 1 % 7K 7 2 49 v - AE S8R A 870, — ik
H R R S 2 MG R EE RN A T REJE BT 25 W AR B v B R W S A I YR PR AR
I 245 V4 P55 5 AT H IS U ey 20 (R o A o 1 e B A B 25 ) A v e = 5 ] 300 8 0L ) O Bl R R R
(2250 . BT 2590 00 IO, S T 25 4 7E A PN IR B BRI, S % T PR R, DRI AE TR R 2 R AL 5 I
A3 20 D 2 2 B R
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WS T T 1S 245 ) J Tk R MRORSE BB T 25 0 L X R LA R IR TSR 5 PK-PD Z0A G A Con/MIC
MAUC/MIC, — ik N C,../MIC>8 a, AUC/MIC=100 Rl AJ 2 2| [ &F 19 36 97 205 » B nlod A i 25 4 14 7=
A, Con/ MIC=10 B} 1] & ¥ 5 KIEIT M (Forrest et al.  1993; Marra et al. 1996; Aliabadi et al.
2000) , AR50 K22 B 11 3K SRV B L K TP A I B Ol 5. 312pg/mlL, B T 10MIC, G,/ MIC=106. 24 F
AUC/MIC=5 698. 3, Al WL, FEAS B0 A5 11 F 1R S 00 B2 Xof R 222 60 55 AL s T 129 BB ) 95 4 ity T A

2 % X W
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